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67 ABSTRACT

The invention relates to a system for and a method of
establishing monitoring alarm limits based on physiological
variables. Such a method can include the steps of receiving
a plurality of physiological variable data where the physi-
ological variable data is representative of physiological
wellness variables, correlating alarm states of the physi-
ological wellness variables with alarm states of physiologi-
cal measurable variables, and providing a best clinical
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SYSTEM FOR AND METHOD OF ESTABLISHING
MONITORING ALARM LIMITS BASED ON
PHYSIOLOGICAL YARIABLES

BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to monitor-
ing systems and methods. More particularly, one embodi-
ment of the present invention relates to a system for and
method of establishing monitoring alarm limits based on
physiological variables.

[0002] In general, alarm systems of physiologic monitors
support two attributes of clinicians: vigilance and decision
making. Of these two attributes, a monitor’s alarms are
especially needed for vigilance since clinicians, as humans,
are relatively poor at this task. An alarm should vigilantly
wait for an ominous change in the patient’s condition,
correctly notifying the clinician of that change. A secondary
function of an alarm is to point to the origin of the problem
that caused the alarm. Ample research shows that current
alarm systems fail in both measures. See, for example,
Keenan, R. L. “Anesthetic disasters: incidence, causes,
preventability.” American Society of Anesthesiologists. ASA
anrual refresher course lectures, 221 (1987): 1-6; Lunn, J.
N. and H. B. Devlin. “Lessons from the confidential inquiry
into peri-operative deaths in three NHS regions.”Lancer 2
(1987): 1384; Koski, E. M., A. Mikivirta, T. Sukuvaara and
A. Kari. “Clinicians’ opinions on alarm limits and urgency
of therapeutic responses.”International Journal of Clinical
Monitoring and Computing 12 (1995): 85-88; and Meredith
C. and J. Edworthy. “Are there too many alarms in the
intensive care unit? An overview of the problems.”Journal
of Advanced Nursing 21.1 (1995): 15-20.

[0003] While simple threshold alarm systems currently
employed in physiologic monitors are vigilant, these alarms
are often spurious. For example, conventional alarms will
sound the moment a physiologic variable exceeds the thresh-
old set for it. Although the alarm is reliably triggered when
it was instructed to, often there is no justification for the
alarm. In one study, researchers surveyed the problems with
alarms in intensive care units, citing excessive false alarms
among other problems. Meredith C. and J. Edworthy. “Are
there too many alarms in the intensive care unit? An over-
view of the problems.”Journal of Advanced Nursing 21.1
(1995): 15-20.

[0004] In a survey of alarms at a children’s hospital
intensive care unit (ICU), researchers found after 298 moni-
tored hrs, 86% of a total 2,942 alarms were found to be
false-positive alarms, while an additional 6% were classified
as clinically irrelevant true alarms. See, Tsien, C. L. and J.
C. Fackler. “Poor prognosis for existing monitors in the
intensive care unit.”Critical Care Medicine 25 (1997): 614-
619. Only 8% of all alarms tracked during the study period
were determined to be true alarms with clinical significance.

[0005] A study of alarms in the anesthesia environment
showed 40-75% of alarms in the anesthesia environment are
false. See, Mylrea, R. A,, J. A. Orr and D. R. Westenskow.
“Integration of monitoring for intelligent alarm in anesthe-
sia: neural networks—can they help.”Journal of Clinical
Monitoring 9 (1993): 31-37. From another perspective, other
researchers found that only 7% of anesthesia-based alarms
turned out to be useful. Meijler, A. P. “Automation in
anesthesia—a relief?” Berlin: Sprinter-Verlag, 1987. In a
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survey of 852 anesthesiologists, researchers determined that
58% of respondents had disabled all alarms at the beginning
of a case and that 25% did so routinely. See, Mclntyre, J. W.
“Ergonomics: Anaesthetists” use of auditory alarms in the
operating room.”International Journal of Clinical Monitor-
ing and Computing 2 (1985): 47-55.

[0006] Conventional alarm systems of physiologic moni-
tors are weak because they exhibit a high false positive rate
and when alarms are true positives they are often clinically
irrelevant. Alarm limits used in such conventional alarm
systems are based generally on only clinical experience
and/or approximations. Such alarm limit approximations are
often overly inclusive, resulting in high incidents of false
positive or clinically irrelevant alarms. Whatever improve-
ments to an alarm system are made, clinicians must be able
to use them on patients on a day-to-day basis in a way that
improves patient care.

[0007] Thus, there is a need for an alarm system for
physiologic monitors which provide more accurate alerts.
Further, there is a need for an accurate alarm system for
physiologic monitors which is commercially viable. Even
further, there is a need for determining more appropriate
alarm limits for a physiologic monitor, resulting in more
meaningful alarms.

[0008] The teachings hereinbelow extend to those
embodiments which fall within the scope of the appended
claims, regardless of whether they accomplish one or more
of the above-mentioned needs.

SUMMARY OF THE INVENTION

[0009] The present invention relates to a method and
system for establishing monitoring alarm conditions based
on system variables. This system or method can include
receiving a plurality of system variable data where the
system variable data is representative of system acceptabil-
ity variables, correlating alarm states of the system accept-
ability variables with alarm states of the system measurable
variables, and providing a best clinical selection for the
alarm limits.

[0010] One exemplary embodiment of the invention is
related to a method of establishing monitoring alarm limits
based on physiological variables. This method can include
the steps of receiving a plurality of physiological variable
data where the physiological variable data is representative
of physiological wellness variables, correlating alarm states
of the physiological wellness variables with alarm states of
the physiological measurable variables, and providing a best
clinical selection for the alarm limits.

[0011] Another exemplary embodiment of the invention is
related to a computer implemented method of establishing
alarm limits for a physiological monitor. The physiological
monitor is configured to monitor measurable variables of a
patient. This method can include associating alarm states of
wellness physiological variables with measurable physi-
ological variables, providing a range of acceptable alarm
limits based on the associated alarm states, and selecting
monitor alarm limits for a physiological monitor based on
the provided range of acceptable alarm limits.

[0012] Another exemplary embodiment of the invention is
related to a system for establishing monitoring physiological
alarm limits based on calculated physiological variables.
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This system can include means for receiving a plurality of
physiological variable data where the physiological variable
data is representative of physiological wellness variables,
means for correlating alarm states of the wellness physi-
ological wellness variables with physiological measurable
variables, and means for providing a best clinical selection
for the alarm limits.

[0013] Another exemplary embodiment of the invention
relates to a method of establishing monitoring alarm limits
based on system variables. This method can include the
steps of receiving a plurality of system variable data where
the system variable data is representative of system accept-
ability variables, correlating alarm states of the system
acceptability variables with alarm states of system measur-
able variables; and providing a manufacture determined
selection for the alarm limits.

[0014] Another exemplary embodiment of the invention
relates to a computer implemented method of establishing
alarm limits for a monitor where the monitor is configured
to monitor measurable variables of a system. This method
can include associating alarm states of system acceptability
variables with alarm states of system measurable variables,
providing a range of acceptable alarm limits based on the
associated alarm states, and selecting monitor alarm limits
for a monitor based on the provided range of acceptable
alarm limits.

[0015] Other principle features and advantages of the
invention will become apparent to those skilled in the art
upon review of the following drawings, the detailed descrip-
tion, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The exemplary embodiments will hereafter be
described with reference to the accompanying drawings,
wherein like numerals denote like elements, and:

[0017] FIG. 1 is a flow diagram illustrating an exemplary
method of calculating monitoring alarm limits based on
physiological variables;

[0018] FIG. 2 is a graph of an exemplary physiological
variable over time;

[0019] FIG. 3 is a graph of an exemplary physiological
variable over time and an alarm status of the physiologic
variable;

[0020] FIG. 4 is a graph of an exemplary physiological
variable over time and two alarm statuses of the physiologic
variable;

[0021] FIG. 5 is a graph illustrating a Kappa correlation
between the alarm state of a measured physiologic variable
over a range of possible alarm limits and the alarm state of
two wellness variables;

[0022] FIG. 6 is a graph illustrating a Kappa correlation
between the alarm state of a measured physiologic variable
over a range of possible alarm limits and the alarm state of
two wellness variables;

[0023] FIG. 7 is a graph illustrating a Kappa correlation
curve and a corresponding bar graph representing the alarm
limits for the range of 80% of peak correlation; and
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[0024] FIG. 8 is a graph illustrating Kappa correlation bar
graphs for a range of clinical scenarios and patients.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0025] A system for and method of setting monitoring
alarm limits based on physiological variables are described.
In the following description, for purposes of explanation,
numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be
evident, however, to one skilled in the art that the exemplary
embodiments may be practiced without these specific
details. In other instances, well-known structures and
devices are shown in block diagram form in order to
facilitate description of the exemplary embodiments.

[0026] In one embodiment, a computer system is used
which has a central processing unit (CPU) that executes
sequences of instructions contained in a memory. More
specifically, execution of the sequences of instructions
causes the CPU to perform steps, which are described below.
The instructions may be loaded into a random access
memory (RAM) for execution by the CPU from a read-only
memory (ROM), a mass storage device, or some other
persistent storage. In other embodiments, hardwired cir-
cuitry may be used in place of, or in combination with,
software instructions to implement the functions described.
Thus, the embodiments described herein are not limited to
any specific combination of hardware circuitry and software,
nor to any particular source for the instructions executed by
the computer system.

[0027] FIGS. 1-8 are used in the description of an exem-
plary system and method which produce a more useful,
clinically meaningful set of alarm limits for a physiologic
monitor. Referring now to FIG. 1, a flow diagram 100
illustrates exemplary steps in a method of setting monitoring
alarm limits based on physiological variables. In an exem-
plary embodiment, a step 110 is performed in which a
physiologic model is used to generate a set of data to
analyze. A model or simulator of the physiologic processes
can be used to properly mimic human physiology to be a
substitute for a set of real patients. The physiologic pro-
cesses can be analyzed using a physiologic simulator, such
as, the BODY Simulator from Advanced Simulation of Point
Roberts, Washington. The physiologic model is based on
established principles of transport phenomena and pressure,
flow, compliance, and resistance. Such physiologic models
have been applied to make working cardiovascular and
respiratory systems that transport oxygen, drugs, and carbon
dioxide, for instance.

[0028] As an example, the simulator can model the car-
diovascular and pulmonary systems along with an uptake
and distribution model for inhaled anesthetics and other
medications. The simulator provides feedback between the
cardiovascular and pulmonary models such that medication
concentration in various compartments of the cardiovascular
model affects the contractility of the heart, changing the
uptake and distribution of the medication. Similarly, medi-
cation concentration affects the CO, modulation of myocar-
dial contractility, and the baroreceptor-heart rate control
loop, which in turn affects the uptake and distribution of
medication. The simulator can be implemented on a hybrid
analog/digital computer or completely on a digital computer.
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[0029] In an exemplary embodiment, the simulator can
generate a matrices of numbers or data on wellness variables
of the physiological model. Such data can be stored in a
computer readable medium, such as, a magnetic or optical
disk in a computer readable file containing, for example,
ASCII text formatted data. Wellness data can include infor-
mation from multiple models under a variety of conditions.

[0030] In a step 120, alarm states of wellness and mea-
sured variables are correlated based on wellness variable
information obtained from the simulator. In an exemplary
embodiment, such data is communicated from a file in a
computer readable medium. The file can be created by the
simulator described with reference to step 110. This corre-
lation step associates physiologic variables for which alarm
limits are determined (called measurable physiologic vari-
ables) with physiologic variables that are better measures of
the actual state of the patient (called wellness physiologic
variables). Measurable physiologic variables are more
readily measurable than wellness physiologic variables.

[0031] Given that there are accepted clinical limits for
wellness physiologic variables, limits for the measurable
variables can be determined by correlation with the wellness
physiologic variables. Exemplary techniques for correlating
wellness and measurable variables are described below with
respect to FIGS. 2-6.

[0032] After step 120, a step 130 is performed in which the
results of many clinical scenarios from the simulator are
combined through a weighted average scheme utilizing the
strength of the correlation with the optimum alarm limit for
each scenario evaluated. Exemplary techniques for weight
averaging the correlation are described below with reference
to FIGS. 7-8.

[0033] After step 130, a step 140 is performed in which a
best clinical alarm limit is established. In an exemplary
embodiment, the optimum alarm limits for measurable vari-
ables are established by relating them to wellness variables
calculated by mathematical models. For example, a physi-
ologic model can be driven towards a negative clinical
outcome such as oxygen deprivation. A time sequence of
alarms for both wellness and measured variables can then be
generated. A set of limits for the measured variables is then
based on a set of limits for the wellness variables. Math-
ematically, this relationship can be described as:

Limits eqsued A"l (Limityermess BT
[0034]

[0035] A=n-dimension vector of alarm limits of mea-
sured variables

[0036] B=k-dimension vector of alarm limits of well-
ness variables.

[0037] The physiologic variables, both wellness and mea-
surable, are considered in terms of their alarm status. An
alarm limit of a measurable variable can be determined
relative to a known limit of a wellness variable. The limit of
the wellness variable is fixed, based on the level at which
injury occurs as reported in the literature. The limit of the
measurable variable is then varied over all possible values
until a best correlation occurs between the measured vari-
able alarm status and the wellness variable alarm status.

[0038] Graphically, this transformation from wellness to
measurable variables can be shown as follows. In FIG. 2, a

where
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graph 200 illustrates a line 210 depicting the magnitude of
an arbitrary continuous physiologic variable over time. A
line 220 in graph 200 indicates a low alarm limit corre-
sponding to the physiologic variable represented by line
210. An alarm status of this variable can be generated by
transforming the continuous variable to a binary variable.

[0039] FIG. 3 illustrates graph 200 having an alarm status
indication 230 which achieves a non-zero value once line
210 drops below low alarm limit line 220. It can be seen that
as the alarm level moves down (in this instance), the onset
of the alarm moves later in time. Of course, for a different
physiologic variable curve, a completely different family of
alarm status curves can result. Note also that an alarm limit
can be applied to a non-monotonically decreasing function,
resulting in an alarm status that alters between periods of On
and Off as the function passed through the alarm limit.

[0040] FIG. 4 illustrates a graph 400 depicting a line 410
showing the magnitude of a second physiologic variable
over time. A line 420 indicates a first low alarm limit and a
line 430 represents a second low alarm limit. Using multiple
physiologic variables, a family of binary variables can be
created.

[0041] Following this example, the process described with
reference to FIGS. 1-8 then determines best low alarm limit
to select for the second physiologic variable (FIG. 4) to
match the alarm status of the first physiologic variable (FIG.
3). Given the finite range of a physiologic variable, it is
possible to examine all possible values of an alarm limit. For
example, a heart rate will only reasonably vary between 0
and 250; arterial oxygen saturation can only exist between 0
and 100%. In an exemplary embodiment, a range that a
variable traverses within a data set can be considered. For
instance, it may be that the heart rate during a trial will be
between 40 and 180 or the arterial oxygen saturation
between 40 and 100%.

[0042] In examining these values, a mechanism is used to
determine the best match between the two sets of alarm
status curves, one being from the first physiologic variable
and the second being alarm status curve under test of the
second physiologic variable. In an exemplary embodiment,
a Kappa statistic is used to analyze the agreement between
two ordinal or nominal variables. While a Pearson’s r
statistic could be calculated for the alarm status data, a
Pearson’s r would be inappropriate since it is not a continu-
ous variable. Another possible approach is to calculate the
percentage of agreement between the two alarm status
variables. Such a calculation is prone to a strong bias error
as the vast majority of time there are no alarms present.
Advantageously, the Kappa statistic determines the agree-
ment between variables while correcting for a chance agree-
ment.

[0043] The caleulation for the Kappa statistic is applied to
all possible alarm limits, generating a set of correlations for
each alarm limit. Plotting corrected agreement against alarm
limits can indicate the alarm limit for which there is the best
agreement between the alarm statuses of two physiologic
variables. An example of plotted alarm limits is shown in
graph 500 of FIG. 5.

[0044] Tt is also possible that a measured variable does not
have any alarm limit that shows a strong correlation with any
wellness variable. In this instance, it would be reasonable to
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place a much lower priority on this variable when monitor-
ing. An example of this situation is shown graphically by a
graph 600 in FIG. 6.

[0045] FIG. 7 illustrates a graph 700 with a Kappa cor-
relation curve 705. A transformation in the peak and 80%
range can be made into a one-dimensional graph 710. For
each measured variable, the alarm limit (L,.,,,;,) corre-
sponding with the peak agreement (i.e., maximum kappa) to
both wellness variables, the range of alarm limits that
corresponds with an agreement of 80% of the peak (L,..-
narios), and the maximum Kappa value can be determined.
Such a Kappa value determination can be done for all patient
and scenario combinations tested. In addition, a weighted
average of the peak alarm limits can be calculated across all
test situations and for both wellness variables. The maxi-
mum Kappa value provides the weighting to derive a single
alarm limit value for a variable that corresponds with the
best overall response. One reason for the weighting is to
value the alarm limit that is associated with a good corre-
lation to the wellness variable over an alarm limit with poor
correlation. For example, if in one test situation, an alarm
limit of 50 mmHg results in a kappa statistic of 0.96 and in
another situation the best correlation is 0.45 for an alarm
limit of 35 mmHg, the limit of 50 should count more towards
the overall limit. The weighted average for a measured
variable’s optimum limit is calculated as where L, ;..
(e-g., L;p0,) 1s the optimum alarm limit. Mathematically, the
relationship can be represented as:

Z L; xkappa;
Liariapte = = ”
2 kappa;
i=1
[0046] for all test situations, L is the optimum alarm limit

for a single test situation, kappa; is the kappa agreement for
a single test situation and 1 is the particular test situation.

[0047] The reporting of the alarm limit range correspond-
ing to 80% of peak agreement is done for at least two
reasons. First, since the weighted average limit for a variable
(Lyariante) is likely to be different than the weighted average
limit (L, enaio) for any given test situation, it gives us an
indication of the impact on the agreement to a wellness
variable in a particular situation. For instance, assume that
the weighted average calculated for mean arterial pressure is
55 mmHg but for a given patient and clinical scenario the
best alarm limit is 47 mmHg. Looking at the 80% range and
seeing that it goes from 46 to 56 mmHg, using an alarm limit
of 55 mmHg for this patient and situation provides a
reasonable alarm response.

[0048] Another benefitin reporting the L___ . ;g0 ranges is
to give a numerical and graphical representation of the
“broadness” of the Kappa agreement curve. A curve with a
sharp spike indicates that a particular alarm limit is much
better than other alarm limits. A broad curve indicates that
that particular variable has a wide range of values that would
provide a good alarm response. For instance, consider the
difference between the heart alarms (described with refer-
ence to FIG. 6) and the SpO, alarms (described with
reference to FIG. 5). The heart rate curve is broad, indicat-
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ing many alarm limits that would provide a reasonable alarm
response. On the other hand, the SpO, curves have a definite
peak indicating that one alarm value is better than the others.

[0049] FIG. 8 illustrates a graph 800 and a graph 810 in
which all test scenarios (patient and clinical situations) are
combined for a single measured variable. There is a good
match between the weighted averages for the bleeding and
leaking cuff scenarios. In addition, inspecting graphs 800
and 810, one can see an overlap of most 80% ranges except
for Patient 3, who has L___ . ;. that is slightly lower than the
other patients for the leaking cuff scenario. Inspecting the
trends of the variables for this patient, the reason for this
becomes apparent. The patient has a lower cardiac output
and therefore a lower oxygen delivery. After the tissues
consume the oxygen they require, there is less left over in the
venous blood.

[0050] Since the response from both scenarios is similar,
it makes sense to combine these values of 55% and 59% into
a single value, 57%. This value passes through nine of the
sixteen 80% ranges representing all of the scenarios, well-
ness variables and patients.

[0051] Advantageously, the technique described with ref-
erence to FIGS. 1-8 is a computationally simple yet pow-
erful method of determining more appropriate alarm limits
for a physiologic monitor. More appropriate alarm limits can
result in more meaningful alarms because there are fewer
false positives. Moreover, with the alarm system indicating
actual problems, clinicians rely on the alarms more and are
less likely to disable the alarm systems. As such, clinicians
are more informed and there is better care for the patient.
Further, physiologic monitors containing such alarms are
preferred in the marketplace because of the extreme dissat-
isfaction with current alarm systems.

[0052] One advantage to the exemplary system and
method of linking wellness variables to measured variables
described with reference to FIGS. 1-8 is the ability to refine
the linking as new variables are added to simulators (e.g.,
pH, temperature, etc.) or as clinical research describes the
critical levels of wellness variables better. Further, the
exemplary technique can be useful as a direct measurement
of wellness variables. For example, measuring brain oxygen
concentration with conventional systems requires placing a
sensor directly in the brain tissue via a bolt in the skull.
Further, measuring myocardial oxygen concentration is pos-
sible but requires a specialized magnetic resonance system.

[0053] Advantageously, the system and method described
with reference to FIGS. 1-8 allows measurement of wellness
variables, such as, brain oxygen concentration by monitor-
ing a measurable physiologic variable, such as, blood pres-
sure which has a correlation to the wellness variable. As
such, a meaningful alarm limit can be established for a
wellness variable (e.g., brain oxygen concentration) based
on a measurable variable (e.g., blood pressure) without the
need for a costly or invasive procedure.

[0054] As appreciated by a person of skill in the art, the
exemplary systems and methods described herein with ref-
erence to FIGS. 1-8 can be embodied in systems or appli-
cations other than those used with physiological monitors.
For example, alternative embodiments can be utilized in
manufacturing systems, such as, drug and chemical manu-
facturing systems and other systems where monitoring is
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necessary or desired. In such systems, system measurable
variables are used in establishing alarm selections for system
acceptability variables associated with a system.

[0055] While the exemplary embodiments illustrated in
the figures and described above are presently preferred, it
should be understood that these embodiments are offered by
way of example only. Other embodiments may include, for
example, other correlation and averaging techniques. The
invention is not limited to a particular embodiment, but
extends to various modifications, combinations, and permu-
tations that nevertheless fall within the scope and spirit of
the appended claims.

What is claimed is:

1. Amethod of establishing monitoring alarm limits based
on physiologic variables, the method comprising the steps
of:

receiving a plurality of physiological variable data, the
physiological variable data being representative of
physiological wellness variables;

correlating alarm states of the physiological wellness
variables with alarm states of physiological measurable
variables; and

providing a best clinical selection for the alarm limits.

2. The method of claim 1, wherein the step of receiving
a plurality of physiological variable data comprises com-
municating the physiological variable data from a computer
storage medium containing matrices of numbers to a com-
puting device.

3. The method of claim 1, wherein the physiological
wellness variables comprise indications of a patient condi-
tion which are not easily measurable but can be calculated
via models and the physiological measurable variables com-
prise indications of a patient condition which are more easily
measurable.

4. The method of claim 1, wherein the step of correlating
alarm states of the physiological wellness variables with
alarm states of physiological measurable variables com-
prises establishing a set of limits for the physiological
measurable variables based on a set of limits for the physi-
ological wellness variables.

5. The method of claim 1, wherein the step of correlating
alarm states of the physiological wellness variables with
alarm states of physiological measurable variables com-
prises utilizing a Kappa statistic to determine agreement
between the alarm states of physiological wellness variables
and the alarm states of physiological measurable variables.

6. The method of claim 1, further comprising providing a
weighted average of alarm limits and the correlated alarm
states.

7. The method of claim 6, wherein the step of providing
a weighted average of alarm limits and the correlated alarm
states comprises utilizing the formula:

n
ZLixkappai
i=1
Liariapte = n
2 kappa;
i=1
where L ;... 15 the optimum alarm limit for all test

situations, L; is the optimum alarm limit for a single test
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situation, kappa; is the kappa agreement for a single test
situation and i is the particular test situation and n is a
number of scenarios evaluated.

8. A computer implemented method of establishing alarm
limits for a physiological monitor, the physiological monitor
being configured to monitor measurable variables of a
patient, the method comprising:

associating alarm states of wellness physiological vari-
ables with alarm states of measurable physiological
variables;

providing a range of acceptable alarm limits based on the
associated alarm states; and

selecting monitor alarm limits for a physiological monitor

based on the provided range of acceptable alarm limits.

9. The computer implemented method of claim 8, wherein
the step of associating alarm states of wellness physiological
variables with measurable physiological variables comprises
statistically comparing alarm limits for the wellness physi-
ological variables with alarm limits for the measurable
physiological variables.

10. The computer implemented method of claim 9,
wherein the step of statistically comparing alarm limits for
the wellness physiological variables with alarm limits for the
measurable physiological variables comprises analyzing
agreement between the wellness physiological variables and
the measurable physiological variables with a Kappa statis-
tic.

11. The computer implemented method of claim 8§,
wherein the step of providing a range of acceptable alarm
limits based on the associated alarm states comprises ana-
lyzing agreement between alarm status data of wellness
physiological variables.

12. The computer implemented method of claim 8§,
wherein the step of selecting monitor alarm limits for a
physiological monitor based on the provided range of
acceptable alarm limits comprises for each measurable
physiological variable providing an alarm limit correspond-
ing with a peak agreement of wellness physiological vari-
ables.

13. The computer implemented method of claim 12,
wherein the range of alarm limits corresponds to an agree-
ment of 80 percent of peak agreement of wellness physi-
ological wellness variables.

14. A system for establishing monitoring physiological
alarm limits based on physiological variables, the system
comprising:

means for receiving a plurality of physiological variable
data, the physiological variable data being representa-
tive of physiological wellness variables;

means for correlating alarm states of the wellness physi-
ological wellness variables with alarm states of physi-
ological measurable variables; and

means for providing a best clinical selection for the alarm

limits.

15. The system of claim 14, wherein the means for
receiving a plurality of physiological variable data com-
prises means for communicating the physiological variable
data from a computer storage medium containing matrices
of numbers to a computing device.

16. The system of claim 14, wherein the wellness physi-
ological wellness variables comprise indications of a patient



US 2002/0177755 Al

condition which are not easily measurable and the physi-
ological measurable variables comprise indications of a
patient condition which are more easily measurable.

17. The system of claim 14, wherein the means for
correlating alarm states of the wellness physiological well-
ness variables with alarm states of physiological measurable
variables comprises means for establishing a set of limits for
the physiological measurable variables based on a set of
limits for the wellness physiological wellness variables.

18. The system of claim 14, wherein the means for
correlating alarm states of the wellness physiological well-
ness variables with alarm states of physiological measurable
variables comprises means for utilizing a Kappa statistic to
determine agreement between the wellness physiological
wellness variables and the physiological measurable vari-
ables.

19. The system of claim 14, further comprising means for
providing a weighted average of alarm limits and the cor-
related alarm states.

20. The system of claim 19, wherein the means for
providing a weighted average of alarm limits and the cor-
related alarm states comprises utilizing the formula:

n
Z L; Xkappa;
=1

Liariabte = —5——
2, kappa;
i=1

where L, ;. s the optimum alarm limit for all test
situations, L; is the optimum alarm limit for a single test
situation, kappa, is the kappa agreement for a single test
situation and 1 is the particular test situation and n is a
number of scenarios evaluated.

21. The system of claim 14, wherein one of the physi-
ological wellness variables includes a partial pressure of
oxygen in the brain, the partial pressure of oxygen in the
brain correlating with a blood pressure physiological mea-
surable variable.

22. A method of establishing monitoring alarm limits
based on system variables, the method comprising the steps
of:

receiving a plurality of system variable data, the system
variable data being representative of system acceptabil-
ity variables;

correlating alarm states of the system acceptability vari-
ables with alarm states of system measurable variables;
and

providing a manufacture determined selection for the
alarm limits.

23. The method of claim 22, wherein the step of receiving
a plurality of system variable data comprises communicating
the system variable data from a computer storage medium
containing matrices of numbers to a computing device.

24. The method of claim 22, wherein the system accept-
ability variables comprise indications of a system condition
which are not easily measurable but can be calculated via
models and the system measurable variables comprise indi-
cations of a system condition which are more easily mea-
surable.

25. The method of claim 22, wherein the step of corre-
lating alarm states of the system acceptability variables with
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alarm states of system measurable variables comprises
establishing a set of limits for the system measurable vari-
ables based on a set of limits for the system acceptability
variables.

26. The method of claim 22, wherein the step of corre-
lating alarm states of the system acceptability variables with
alarm states of system measurable variables comprises uti-
lizing a Kappa statistic to determine agreement between the
alarm states of system acceptability variables and the alarm
states of system measurable variables.

27. The method of claim 22, further comprising providing
a weighted average of alarm limits and the correlated alarm
states.

28. The method of claim 27, wherein the step of providing
a weighted average of alarm limits and the correlated alarm
states comprises utilizing the formula:

ZL;xkappa;
=1
Licriavte = n
2. kappa;
i=1
where L ... 15 the optimum alarm limit for all test

situations, L; is the optimum alarm limit for a single test
situation, kappa; is the kappa agreement for a single test
situation and i is the particular test situation and n is a
number of scenarios evaluated.

29. A computer implemented method of establishing
alarm limits for a monitor, the monitor being configured to
monitor measurable variables of a system, the method
comprising:

associating alarm states of system acceptability variables
with alarm states of system measurable variables;

providing a range of acceptable alarm limits based on the
associated alarm states; and

selecting monitor alarm limits for a monitor based on the

provided range of acceptable alarm limits.

30. The computer implemented method of claim 29,
wherein the step of statistically comparing alarm limits for
the system acceptability variables with alarm limits for the
system measurable variables comprises analyzing agree-
ment between the system acceptability variables and the
system measurable variables with a Kappa statistic.

31. The computer implemented method of claim 29,
wherein the step of providing a range of acceptable alarm
limits based on the associated alarm states comprises ana-
lyzing agreement between alarm status data of system
acceptability variables.

32. The computer implemented method of claim 29,
wherein the step of selecting monitor alarm limits for a
monitor based on the provided range of acceptable alarm
limits comprises for each system measurable variable pro-
viding an alarm limit corresponding with a peak agreement
of system acceptability variables.

33. The computer implemented method of claim 32,
wherein the range of alarm limits corresponds to an agree-
ment of 80 percent of peak agreement of system acceptabil-
ity variables.
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