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Description

[0001] The present application relates generally to pa-
tient monitoring. It finds particular application in conjunc-
tion with reducing patient alarms and will be described
with particular reference thereto. However, it is to be un-
derstood that it also finds application in other usage sce-
narios, and is not necessarily limited to the aforemen-
tioned application.

[0002] Patient deterioration is often preceded by a pe-
riod of abnormal vital signs. As such, clinicians often em-
ploy predictive systems to assess the likelihood of dete-
rioration. Such systems include abnormality scoring sys-
tem, such as early warning scores (EWS) and modified
EWSs (MEWS) scoring systems. Abnormality scoring
systems unify assessments of a plurality of physiological
parameters, such as vital signs, into a unified unit system
and combine the individual assessments so as to deter-
mine a patient risk, which may lead to preventable ad-
verse events like cardiac arrest or death.

[0003] For a sample EWS scoring system (FIGURE
1), a EWS is determined based on several vital signs
using a table. When a vital sign is normal, it is assessed
a score of zero. With increasing degrees of abnormality
of each vital sign, more points are assessed for the vital
sign. The total score over all vital signs is an indication
of abnormality, and, if it exceeds a preselected threshold,
a follow up action is defined (e.g., a consultation by a
clinician or activation of a so-called Rapid Response
Team).

[0004] Clinicians typically perform abnormality scoring
systems manually. However, one challenge with manu-
ally scoring is that the resources of medical institutions,
such as hospitals, are limited. Therefore, patients in, for
example, the general ward are infrequently assessed,
typically once per 4-8 hours. Patients can deteriorate un-
noticed in this sub-acute care setting. Late discovery of
this deterioration can lead to unnecessary complications,
intensive care unit (ICU) admission, cardiac arrest,
death, and so on.

[0005] To alleviate this, automatic monitoring of pa-
tients is becoming increasingly prevalent. However, a
principal challenge with automatic monitoring is alarm
fatigue. Alarm fatigue is the condition in which clinicians
become de-sensitized to clinical alarms because of the
high probability that alarms are not of actual clinical sig-
nificance.

[0006] One approach to reduce the alarm load is to
raise alarm thresholds, typically manually. However, oth-
er nurses on the same shifts and subsequent shifts may
not notice the high threshold and be lulled into a false
sense of patient well being. Further, this reduces sensi-
tivity and increases the likelihood of failing to detect pa-
tient deterioration. Another approach is to set an inhibi-
tion period after an alarm issues, so similar alarms are
not issued until a rearming condition is met. In such an
approach, the rearming condition is crucial to the reduc-
ing alarms.
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[0007] The typical rearming condition is the passing of
a predetermined inhibition period from the alarm trigger-
ing. This is based on the notion that any alarm following
thefirstalarm is likely to be based on similar physiological
data, and thus does not provide any additional informa-
tion to the clinician. The clinician either is already plan-
ning to take action to treat the patient if he agrees with
the alarm or he doubts the validity of the alarm. In either
case, another alarm would be unnecessary. Thus, it is
reasonable to inhibit further alarms for a limited period
of time.

[0008] One disadvantage of this rearming condition is
that additional alarms are not raised if the condition of a
patient worsens within the alarm inhibition period. Anoth-
er disadvantage is the predetermined amount of time is
generic to a general patient population. As such, the pre-
determined amount of time is not tailored to any specific
patient. Further, the predetermined amount of time does
not adapt to an individual's dynamics.

[0009] Other challenges with automatic monitoring
stem from predictive models typically employed by auto-
matic monitoring systems. Such predictive models are
typically trained on large databases of population data,
whereby decisions using such predictive models are
based on the general features of a large population. Fur-
ther, differences between individuals and the general
training population are typically not taken in to account.
Training in this way can result in unnecessary alerts
and/or failure to generate alerts for certain patients with
physiological norms different from those of the general
training population.

[0010] One solution is to adjust the predictive models
based on knowledge of a patient’s healthy, or baseline,
physiological dynamics. However, baseline data is often
not available in practice, particularly in an ICU, in which
itcan never be assumed that data being collected reflects
the patient’s "normal" physiology.

[0011] Another solution employs direct feedback from
a clinician about the validity of an issued alarm for learn-
ing. However, such an approach is not possible for sys-
tems that do not have the benefit of this direct-feedback
learning. Further, if alarms are issued in response to pre-
dicted events hours in advance, immediate feedback
from a clinician about the validity of an alarm is mean-
ingless.

[0012] WO 2011/007271 A1 describes a monitoring
system and method in which an alarm is triggered if a
monitored parameter exceeds a threshold, which may
be constant or vary with time, or if the monitored param-
eter has not reached a target value by the end of a pre-
defined time period by which an administered drug or
therapy should have been effective. The threshold can
be varied upon administering any intervention of a ther-
apy for a period of time to limit alarms.

[0013] US 2007/0232880 A1 describes a monitoring
system and method in which separate high and low glu-
cose level alarms can be set. These alarms can have
different repeat delay periods.
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[0014] The present application provides new and im-
proved methods and systems which overcome the
above-referenced problems and others.

[0015] In accordance with one aspect, a system for
generating patient alarms using a stepped alarm scheme
is provided according to claim 1.

[0016] In accordance with another aspect, a method
for generating patient alarms using a stepped alarm
scheme is provided according to claim 10.

[0017] One advantage resides in increased sensitivity
to abnormal patient conditions while reducing alarm
loads.

[0018] Another advantage resides in sensitivity to ab-
solute thresholds.

[0019] Another advantage resides in a low alarm load.
[0020] Another advantage resides in sensitivity to pa-
tient deterioration.

[0021] Another advantage resides in applicability to a
single physiological parameter, as well as a plurality of
physiological parameters.

[0022] Another advantage resides in intuitive parame-
ters that are straightforward to tune.

[0023] Another advantage resides in minimizing bed-
side modification of alarm thresholds.

[0024] Another advantage resides in adjusting to cas-
es in which a patient has conditions that are not typical
of the average population.

[0025] Still further advantages of the present invention
will be appreciated to those of ordinary skill in the art
upon reading and understanding the following detailed
description.

[0026] The invention may take form in various compo-
nents and arrangements of components, and in various
steps and arrangements of steps. The drawings are only
for purposes of illustrating the preferred embodiments
and are not to be construed as limiting the invention.

FIGURE 1 is a table illustrative of a EWS scoring
system.

FIGURE 2 is a graph illustrative of a method of gen-
erating patientalarms using measurements for a vital
sign according to aspects of the present disclosure.
FIGURE 3 is a graph illustrative of a method of gen-
erating patient alarms using abnormality scores ac-
cording to aspects of the present disclosure.
FIGURE 4 is a block diagram of a method of gener-
ating patient alarms according to aspects of the
present disclosure.

FIGURE 5is a graphiillustrating a discrete and piece-
wise linearized EWS scoring system.

FIGURE 6 is a graph illustrating a signed EWS scor-
ing system (discrete and piecewise linearized).
FIGURE 7 is a graph illustrating a sample relation
between alarm threshold and number of alarms per
patient per day for different inhibition periods.
FIGURE 8 is a graph illustrating a sample relation
between a change in EWS versus alarms per patient
per day.
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FIGURE 9 is a graph illustrating a sample relation
between alarms per patient per day and time be-
tween alarms for different AEWSs.

FIGURE 10 is graphical depiction illustrating an un-
stable patient condition.

FIGURE 11 is a graphical illustration of an approach
to detecting an unstable patient condition.

FIGURE 12 is a graph illustrating a sample relation
between width of an inhibition zone (¢) and number
of alarms per patient per day.

FIGURE 13 is a graphical illustration of the unstable
patient condition of FIGURE 10 in EWS-space.
FIGURE 14 is a graph illustrating a change in a sam-
ple patient’s vital signs from being too high to too low.
FIGURE 15 is a graph illustrating the relation be-
tween number of alarms per patient per hour and
hour of day.

FIGURE 16 is a block diagram of a method of rearm-
ing alarm levels according to aspects of the present
disclosure.

FIGURE 17 is a graphical illustration of rearming of
an alarm level.

FIGURE 18 is a block diagram of an IT infrastructure
according to aspects of the present disclosure.

[0027] With reference to FIGURES 2 and 3, illustrative
examples of amethod 100 (see FIGURE 4) for generating
patient alarms using a stepped alarm scheme are pro-
vided. Suitably, a patient monitor, such as a wearable
patient monitor, a bedside patient monitor, and a central
patient monitor, performs the method 100. As discussed
in detail hereafter, by using a stepped alarm scheme in
combination with long inhibition periods, fewer alarms
are produced while still being sensitive to patient deteri-
oration. FIGURE 2 assesses patient deterioration using
vital sign measurements for a single vital sign (e.g., res-
piration rate); whereas FIGURE 3 assesses patient de-
terioration using an abnormality score (e.g., EWS) that
can typically be calculated from a vital sign.

[0028] Vital sign measurements include measure-
ments of vital signs, such as heart rate, temperature,
blood oxygen saturation, level of consciousness, pain,
urine output, and so on. Abnormality scores, such as
EWS and MEWS, combine vital sign measurements for
a plurality of vital signs into a score assessing the risk of
death of a patient. Abnormality scoring systems provide
a non-linear weighting to arrive at an "equally serious"
rating scale for each vital sign. In that regard, all of the
vital signs going into an abnormality score are assessed
using this rating scale and summed to arrive at an ab-
normality score. Typically, the vital signs are assumed
to be independent when calculating an abnormality
score. However, some combinations of vital signs are
more abnormal than others, whereby an abnormality
score can further include scores for combinations of vital
signs. To improve the sensitivity of an abnormality score
for a vital sign, the vital sign can be weighted more heavily
during the determination of the abnormality score. Addi-
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tionally or alternatively, to improve the sensitivity, the
scoring regions for the vital sign can be refined. It is con-
templated that abnormality scoring systems can be tai-
lored to individual patients, medical wards, medical insti-
tutions, and so on. In certain embodiments, a clinician
tailors the abnormality scoring systems manually through
use of user input devices. In other embodiments, the ab-
normality scoring systems are tailored automatically
based on patient information from, for example, a patient
information system.

[0029] Inbothexamples of FIGURES 2 and 3, at rough-
ly 12:30, an initial threshold is crossed. In the case of
FIGURE 2, the threshold is 28 breathes per minute, and,
in the case of FIGURE 3, the threshold is a EWS of 2.
By exceeding the initial threshold, an alarm is issued, a
long inhibition period, such as 8 hours, is applied for
alarms of the same condition, and the threshold is raised.
Thereafter, in both examples, at roughly 17:00, a second,
higher threshold is crossed (i.e., the situation worsens).
In the case of FIGURE 2, the threshold is 30 breathes
per minute, and, in the case of FIGURE 3, the threshold
is a EWS of 3. By exceeding the second threshold, an-
other alarm is sounded, a long inhibition period, such as
8 hours, is applied for alarms of this new condition, and
the threshold is raised.

[0030] With reference to FIGURE 4, a block diagram
of the method 100 for generating patient alarms using a
stepped alarm scheme is provided. Physiological scores
and/or physiological parameter values of one or more
patients are received 102. A physiological score is an
assessment of a physiological condition of a patient, such
as hemodynamic stability or risk of death, based on at
least one physiological parameter according to a physi-
ological scoring system. A physiological parameter is a
measurable or observable feature of a patient. Examples
of physiological scores include abnormality scores, and
examples of physiological parameters include vital signs.
[0031] Typically, the physiological scores and/or phys-
iological parameter values are received automatically
from sensors associated with the patients via, for exam-
ple, a wired or wireless communications network. How-
ever, in other embodiments, the physiological scores
and/or physiological parameter values are received man-
ually from clinicians via, for example, user input devices.
Further, the physiological scores and/or physiological pa-
rameter values are typically received continuously. How-
ever, the physiological scores and/or physiological pa-
rameter values can alternatively be received upon the
occurrence of an event, such as a timer event (e.g., a
periodic timer), a patient event, a manually triggered
event (e.g., a clinician pressing a button), and so on. In
certain embodiments, the physiological scores are re-
ceived indirectly from the physiological parameter val-
ues. Inthatregard, the physiological scores are automat-
ically calculated from the physiological parameter values.
For example, EWSs are calculated from vital sign meas-
urements as discussed above.

[0032] Abnormality scoring systems typically yield in-
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teger values. However, this can result in discrete jumps
in abnormality scores, especially in cases when a vital
sign is fluctuating around a border value. To alleviate
this, abnormality scoring systems can be piecewise lin-
earized. With reference to FIGURE 5, an example of a
piecewise linearized EWS scoring system for respiration
rate is illustrated. The solid lines indicate a piecewise
linearized version of the scoring system, and the dashed
lines indicate a discrete version of the scoring system.
In certain embodiments, a best fit approach is employed
for linearization, although other approaches are contem-
plated.

[0033] Further, while individual scores attributed to vi-
tal signs in abnormality scoring systems are typically un-
signed, it is contemplated that signed scores can be em-
ployed to distinguish between vital sign measurements
for vital signs that are too low and too high. For example,
such a distinction can be made by adding a plus ("+")
and minus ("-") sign to scores for individual vital signs
being too high and too low, respectively. With reference
to FIGURE 6, an example of signed abnormality scoring
for respiration rate is illustrated. As in FIGURE 5, the
solid lines indicate a piecewise linearized version of the
scoring system, and the dashed lines indicate a discrete
version of the scoring system.

[0034] When calculating a physiological score, the sit-
uation can arise in which physiological parameter values
for less than all the physiological parameters needed to
calculate the physiological score are received. Physio-
logical parameter values can be missing due to faulty
measurements and/or observations, or can arise from
differences in measurement and/or observation periodic-
ity. For example, heart rate measured every minute and
non-invasive blood pressure (NIBP) measured every 30
minutes. One solution to this situation is to store 104 the
most recent physiological parameter values for each of
the physiological parameters needed to calculate a phys-
iological score in, for example, a memory. In thatregard,
physiological parameter values are used until a new
physiological parameter value for the corresponding
physiological parameter is received. Other solutions are
to derive missing information from other physiological pa-
rameters (e.g., both ECG and SpO, can supply heart
rate data) or a modeled combination of physiological pa-
rameters.

[0035] Referring back to FIGURE 4, the physiological
scores and/or physiological parameter values are com-
pared 106 to a plurality of alarm levels. Alarm levels can
include one or more of thresholds, ranges, and so on.
Typically the alarm levels are determined by clinicians
and/or defined by policy of the medical institution em-
ploying the method 100, such as a hospital. However, in
certain embodiments, alarm levels can be dynamically
generated 108. It is contemplated that alarm levels can
be tailored to individual patients, medical wards, medical
institutions, and so on. In certain embodiments, a clini-
cian tailors parameters of the physiological scoring sys-
tems, such as thresholds of abnormality scoring systems,
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manually through use of a user input device. In other
embodiments, the physiological scoring systems are tai-
lored automatically based on patient information from,
for example, a patient information system.

[0036] While no particular approach to selecting alarm
levels is required, the alarm levels should be selected to
minimize alarms while maximizing sensitivity to patient
deterioration. With reference to FIGURE 7, an example
oftherelation between alarm threshold fora EWS scoring
system and average number of alarms per patient per
day for different inhibition periods is provided. When a
high alarm threshold and/or long inhibition period is cho-
sen, the number of alarms is low. In contrast, when a low
threshold is chosen, the method 100 becomes more sen-
sitive for detection of abnormal vital signs. However, in
combination with a long inhibition period, no alarm will
be raised in case of further deterioration within the inhi-
bition period.

[0037] One approach to dynamically generate 108 the
alarm levels is through the use of a delta and an initial
alarm level. For example, if a threshold of 3 for an ab-
normality score defines an initial alarm level and the delta
is 0.5, aninitial alarm will sound at 3.0 and another alarm
willsound at 3.5, even when still within an inhibition period
of the initial alarm level. After raising the other alarm, a
new inhibition period for the 3.5 level is set, and another
alarm level at 4 will be the next alarm level to trigger if
the patient deteriorates further. The delta can be tailored
to individual patients, medical wards, medical institu-
tions, and so on. In certain embodiments, a clinician tai-
lors the delta manually through use of a user input device.
In other embodiments, the delta is tailored automatically
based on patient medical records from, for example, a
patient information system. For more severe patients
(e.g., patient’s with a higher abnormality score), a lower
delta can be chosen to increase sensitivity to deteriora-
tion. After the inhibition period, the threshold is lowered.
[0038] With reference to FIGURE 8, a graph showing
an example of the relation between delta fora EWS scor-
ing system and number of alarms per patient per day. An
important observation is that by implementing a delta,
the method 100 is very sensitive to further worsening of
patient condition while the average alarm load is mini-
mally adversely influenced. Further, setting a delta too
high will seldom trigger a new alarm, while setting it too
small could cause bursts of alarms in a short period of
time. One approach to assess reasonable values for a
delta is by plotting time difference between alarms. Re-
ferring to FIGURE 9, an example of such a plot for a EWS
scoring system is illustrated. Therein, a large peak at 480
minutes is visible, which is a logical consequence from
the chosen inhibition period of 480 minutes (8 hours). If
a small value for delta (0.5) is chosen, a large peak at
short times between alarms becomes visible, which is
caused by quickly succeeding alarms during upward
trends in the EWS. Based on visual inspection of gener-
ated events at the different settings, a reasonable value
for delta is in the order of 1-2.
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[0039] Referring back to FIGURE 4, in response to a
physiological score and/or physiological parameter value
falling within an uninhibited one of the alarm levels 110,
an alarm is generated. An alarm suitably notifies a clini-
cian to check on a patient and, in certain embodiments,
the severity of the alarm. Thereafter, a long inhibition
period, such as on the order of a few hours, is set 112
for the triggered alarm level. In certain embodiments, the
inhibition period suppresses alarms forlower alarm levels
as well. To ensure clinicians don’t miss alarms, the inhi-
bition period is typically set only after the alarm is ac-
knowledgement by, for example, a clinician. The length
of the inhibition period can be variable between alarm
levels. In certain embodiments, an inhibition period com-
parable to the duration of a nurse shift (e.g., 8 hours) is
employed. Advantageously, this ensures that no alarm
is raised for a patient condition that is unchanged during
the shift, while a new nurse in the following shift is re-
notified about the existing patient condition. In other em-
bodiments, an inhibition period until the next nurse shift
is employed. However, this has the drawback that nu-
merous alarms will sound at the beginning of each nurse
shift. In other embodiments, shorter inhibition periods for
higher abnormality scores or vital sign measurements
are employed.

[0040] In response to issuing an alarm 114, in certain
embodiments, a short inhibition period across alarm lev-
els is set. In other words, a short inhibition period sus-
pending all alarms is set after issuing an alarm. Suitably,
this short inhibition period is on the order of several min-
utes, such as 5-10 minutes. Advantageously, this reduc-
es alarm load without significantly, if at all, compromising
the well being of patients because the typical response
time of a nurse in the general ward is in the order of
several minutes.

[0041] Abnormality scores have the advantage of be-
ing a value that is easy to communicate. For example,
‘patient x has a EWS of 6’. However, a drawback is that
itnolonger reveals what the contributions of the individual
vital signs are. This leads to a risk of not detecting chang-
es in the composition of an abnormality score, particularly
in the presence of offsetting improvements of some vital
signs and deterioration of others. This is undesirable be-
cause a constant abnormality score can incorrectly as-
sess a situation as being stable notwithstanding that vital
signs are fluctuating. Therefore, in certain embodiments,
the composition of abnormality scores is evaluated 116
for changes in composition and, in response to compo-
sition changes 118, an alarm and inhibition period are
triggered, as described above.

[0042] An example of a change in composition of an
abnormality score (in this case EWS) derived from heart
rate (HR) and respiration rate (RR) is shown in FIGURE
10. Gray areas are periods of invalid data, and the cross-
es (x) denote alarms would have been raised. The
dashed horizontal lines are the borders for the regions
that score different numbers of 'EWS points’. The EWS
points are indicated in large fontsize. A first alarm is
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raised around 23:00 hours due to HR, indicated by a
cross in both graphs. Then, the HR improves somewhat,
while the respiration rate degrades from being somewhat
too high to being very much too high. The result is that
the EWS remains the same. However, even so, there is
an unstable situation, which justifies a new alarm.
[0043] One approach for evaluating 116 (FIGURE 4)
an abnormality score for changes in composition accord-
ing to this example is explained using Subfigures A-C in
FIGURE 11. As will be seen below, the signed abnormal-
ity scoring of FIGURE 6 finds particular application here-
in. Subfigures A-C show the case for a two dimensional
abnormality score (i.e., EWS) based on, forexample, res-
piration rate (RR) and heart rate (HR). Diagonal lines
indicate constant abnormality scores. Further, a high-
lighted square region 119 represents the minimum alarm
level that is set to generate an alarm (in this example a
level of 2 is chosen).

[0044] Referring to Subfigure A, a dot 120 indicates a
measurement scoring 0.5 points for the respiration being
abnormally low (i.e., -0.5) and 1.7 points for the HR being
abnormally high (i.e., +1.7). Thus, the total abnormality
score is 2.2. After an alarm is triggered, a higher alarm
level is automatically selected, as indicated by a high-
lighted box 122 in subfigure B. This example assumes a
delta of 1.0. A highlighted rectangular region 124 (also
referred to as the inhibition zone) in subfigure C indicates
additional boundaries that are set to prevent the earlier
mentioned problem of changes in composition that may
go unnoticed. A score vector 126 of the last alarm (i.e.,
the alarm of Subfigure A) that was raised forms the axis
of the highlighted rectangular region 124. If a current
score vector 128 drifts outside of this region, a new alarm
will sound, even when the next absolute alarm level (3.0
in this example) has not been raised. Detection of this
driftis done by continuously checking the vector distance
¢ between the current score vector 128 and the score
vector 126 of the previous alarm. If this distance is larger
than a defined, e.g., user set, level g, an alarm will sound
and the highlighted rectangular region 124 is redefined.
This calculation of the distances can be done using stand-
ard vector algebra. This algebra remains essentially the
same in case this approach is extended to more vital
signs.

[0045] With reference to FIGURE 12, an example of
the number of alarms as a function of distance ¢ is shown.
The values are for an initial EWS of 3, a delta of 1, and
an inhibition period of 480 min. As can be seen, if the
distance ¢ is too high, the method 100 will be insensitive
to changes in composition, and, if the distance ¢ is too
low, the number of alarms will increase because the width
ofthe highlighted rectangular region 124 becomes similar
to the normal fluctuations in score vector composition.
Based on FIGURE 12 and also on visual inspection of
some of the generated alarms, a reasonable value for
the width of the highlighted rectangular region 124 is in
the order of 1-4.

[0046] The example of FIGURE 10 can also be plotted
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in 'EWS space’, as shown in FIGURE 13. The measure-
ments are indicated by the interconnected dots, with the
arrows 130 indicating the direction of time. The two
alarms of FIGURE 10 areindicated in this figure by circles
132. The highlighted rectangular region 134 (with a ¢ of
2) is the inhibition region, similar to the highlighted rec-
tangular region 124 described above. Because of the
large change in EWS composition, a new alarmis raised.
[0047] Another example of a change in composition of
an abnormality score (in this case EWS) derived from
heart rate (HR) and respiration rate (RR) is shown in FIG-
URE 14. Gray areas are periods of invalid data, and the
crosses (x) denote the times an alarm would have been
raised. The dashed horizontal lines are the borders for
the regions that score different number of 'TEWS points’.
The EWS points are indicated in large fontsize. A first
alarm is raised around 12:15 hours, indicated by a cross,
because of an abnormally low respiration rate (scoring 3
EWS points). Around 17:15 hours the absolute EWS is
still scoring less than 3 points, but the situation is unstable
because the respiration is increasing rapidly. If no tech-
nical measures are taken, no alarm is issued because:
1) the previous alarm was less than 8 hours ago; 2) the
EWS for respiration is still less than what was scored at
12:15 hours; and 3) the perpendicular distance ¢ to the
previous alarm vector is small.

[0048] Schematically, the foregoing situation is depict-
ed in Subfigure D of FIGURE 11. Subfigure D shows the
case for a two dimensional abnormality score (i.e., EWS)
based on, for example, respiration rate (RR) and heart
rate (HR). Diagonal lines indicate constant abnormality
scores. Further, a highlighted square region 136 repre-
sents the minimum alarm level that is set to generate an
alarm (in this example a level of 2 is chosen), and a higher
alarm level is indicated by a highlighted box 138. Even
more, a current score vector 140 and a score vector 142
of the previous alarm are shown.

[0049] One approach for evaluating an abnormality
score for changes in composition according to this ex-
ample includes calculating the inner product between the
current score vector 140 and the score vector 142 of the
previous alarm. For an inner product < 0 (rotation more
than 90°) the inhibition period should be turned off so as
to allow an alarm to be issued.

[0050] With reference to FIGURE 15, the low alarm
load that results from the presented approach is shown.
The initial alarm level is 3.0, the delta is 1.0, and the
inhibition period is 8 hours. This results in an average
alarm rate of approximately 0.02 alarms per patient per
hour of the day. For a 25 bed ward this would be similar
to about one alarm per 2 hours.

[0051] The discussion heretofore dealt with re-arming
alarm levels after a predetermined amount of time
elapsed. For example, when a physiological score and/or
physiological parameter value falls within an alarm level,
an alarm is triggered and an inhibition period of a prede-
termined length is setinhibiting the same alarm level from
triggering more alarms until the inhibition period ends.
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However, other approaches to rearming are contemplat-
ed. With reference to FIGURE 16, a block diagram of an
adaptive method 150 of rearming is provided.

[0052] The adaptive method 150 presupposes famili-
arity with the typical intervention measures taken by cli-
nicians in response to alarms. For example, typical inter-
vention measures taken in response to an alarm for he-
modynamic stability include the administration of fluids,
vasopressors, or packed red blood cells. Further, the
adaptive method 150 presupposes at least one source
of clinical data describing intervention measures taken
by clinicians in response to alarms. For example, such a
source can be a patient information system which clini-
cians provide data regarding intervention measures tak-
enviaauserinputdevice. Even more, the adaptive meth-
od 150 presupposes alarms triggered by physiological
scores and/or physiological parameter values reflect a
patient’s stability with regard to a physiological condition,
such as hemodynamic stability or nutritional stability.
When the foregoing are available, the adaptive method
150 can be employed for rearming.

[0053] When a physiological score and/or physiologi-
cal parameter value of a physiological scoring system
and/or physiological parameter falls within an uninhibited
alarm level, an alarm is triggered and the alarm level is
inhibited. In response to inhibiting the alarm level, the
adaptive method 150 waits 152 a predetermined amount
of time, such as three hours. Typically, the physiological
scoring system and/or physiological parameter is predic-
tive, such that alarms generated therefrom are triggered
in advance of patient deterioration. The predetermined
amount of time typically corresponds to this lead time
and typically varies depending on the physiological con-
dition of the physiological score and/or physiological pa-
rameter value. After the predetermined amount of time
has passed, a determination 154 is made as to whether
intervention measures were administered during the pre-
determined amount of time to address the alarm based
on received clinical data. This can be based on actual
knowledge that an intervention occurred or knowledge
of typical past intervention measures of for the physio-
logical condition of the physiological score and/or phys-
iological parameter value.

[0054] If no intervention measures were administered,
the adaptive method 150 waits 156 until a current phys-
iological score and/or physiological parameter value of
the physiological scoring system and/or physiological pa-
rameter has worsened 156 by a threshold amount com-
pared to the physiological score and/or physiological pa-
rameter value at the time of the alarm. The threshold
amount can be fixed or variable, such as half of the dis-
tance to a previous physiological score and/or physio-
logical parameter value of the physiological scoring sys-
tem and/or physiological parameter. Once the current
physiological score and/or physiological parameter value
has worsened, the alarm level is rearmed 158. By rearm-
ing in this way, the lack of intervention by a clinician after
a significant time has passed is interpreted as an indica-
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tion that the patient’s condition at the time of the first
alarm is acceptable, normal, or stable, for that particular
patient. Therefore, even though the current physiological
score and/or physiological parameter value is abnormal,
or unstable, by population standards, the adaptive meth-
od learns that it is normal for this patient.

[0055] If intervention measures were administered,
this is recognized as acknowledgement by clinicians and
further alarms are unnecessary. The adaptive method
150 waits 160 until at least one rearming condition is met.
Rearming conditions include a fixed period of time has
passed, the current physiological score and/or physio-
logical parameter value has worsened by a predeter-
mined amount compared to the physiological score
and/or physiological parameter value at the time of the
alarm, the current physiological score and/or physiolog-
ical parameter value has worsened by more than half of
the distance from a previous physiological score and/or
physiological parameter value, such as the physiological
score and/or physiological parameter value at the time
of the alarm, a physiological score and/or physiological
parameter value of the physiological scoring system
and/or physiological parameter has fallen below a fixed
threshold at least once since the alarm, a physiological
score and/or physiological parameter value of the phys-
iological scoring system and/or physiological parameter
has fallen below a threshold determined by the current
boundaries for the alarm level, and a threshold based on
the typical changes for the applied intervention. The re-
arming conditions can be employed singly or in combi-
nation with one another. Once intervention is complete
and at least one rearming condition is met, the alarm
level is rearmed 158.

[0056] In some embodiments, the physiological scor-
ing system and/or physiological parameter is a vital signs
index (VIX). VIX is a physiological scoring system that
typically combines low-latency data, such as current
physiological parameter values, and, optionally, high-la-
tency data, such as laboratory test results, and/or static
data, such as demographics, into a single value reflective
of stability of a physiological condition of a patient, such
as the patient’s hemodynamic status, pulmonary stabil-
ity, nutritional stability, and so on. VIX values can be cal-
culated continuously and/or upon the happening of an
event, such as a timer event, a user input event, the avail-
ability of new data, and so on. Further, in some embod-
iments, the VIX values are saved for historical analysis.
[0057] A VIX value for stability of a physiological con-
dition is calculated by providing values for predictive var-
iables to a VIX model that generates the VIX value based
on the predictive variables. The predictive variables are
one or more of vital signs, features extracted from the
static data, such as ethnicity, and the like relevant to de-
termining the stability of the physiological condition. The
VIX values produced by the models are typically proba-
bilities. For example, a VIX value typically ranges be-
tween 0 and 1, where the closer the value is to 1, the
more likely the patient is to be unstable. The VIX models
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can employ any predictive model methodology, such as
logistic regression, multinomial logistic regression, linear
regression and support vector machine learning.
[0058] In some embodiments, the VIX models include
a logistic regression model for hemodynamic stability
with the form of:

VIX =——,
1+e7%

where

z=y+p *SBP + B, * SI + -

The model takes in to account SBP and SI, which are
highly significant predictive variables in determining he-
modynamic stability, returns a VIX between zero and
one. The higher the VIX, the less stable the patient. In
some embodiments, 34, the coefficient for SBP, is neg-
ative. As SBP getslower, VIXtendstoincrease, reflecting
that the patient is approaching a less stable state. Fur-
ther, B,, the coefficient for Sl, is positive. As Sl gets high-
er,VIXalsotendstoincrease, again reflecting adecrease
in stability.

[0059] With reference to FIGURE 17, a plot of the VIX
for a patient and the corresponding inputs, SBP and HR,
over the course of several hours is illustrated. An alert is
generated at hour 214.5 as the VIX value of the patient
crosses the alert threshold. During the course of the three
hours that follows the first alert, no intervention is taken.
This is interpreted to mean that the patient’'s dynamics
at the time of the first alert are normal, or acceptable, for
that particular patient. Therefore, after three hours have
passed, no alert is generated because the patient’s VIX
is not much higher than it was at the time of the first alert.
By the time hour 222.5 is reached, however, VIX has
significantly increased and, therefore another alert is is-
sued for the patient. It should be noted that at hour 226,
the clinician administered vasopressor indicating that, in-
deed, the patient experienced a clinically notable incident
of hemodynamic instability.

[0060] In some embodiments, the physiological scor-
ing system and/or physiological parameter is a baseline
VIX (bVIX). bVIX is a physiological scoring system that
indicates how a VIX has been behaving over a past pre-
determined amount of time, such as three hours. Many
methods can be used to estimate the trend in a series of
VIX values. Some are more sophisticated than others.
In one embodiment, a bVIX value is the maximum VIX
value or the 90 percentile VIX value within the past pre-
determined amount of time.

[0061] In view of the foregoing, by interpreting clinical
data regarding intervention measures being implement-
ed by the attending clinician, or lack thereof, in the context
of the patient’'s condition upon the issuing of the first
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alarm, a method of rearming sensitive to a patient’s in-
dividual physiological differences is provided. The meth-
od can suitably be employed to create a predictive alarm
system that can learn and adapt to an individual’s dy-
namics in the absence of direct clinician feedback.
[0062] With reference to FIGURE 18, a block diagram
illustrates one embodiment of an information technology
(IT) infrastructure 200 of a medical institution, such as a
hospital. The IT infrastructure 200 includes one or more
bedside or spot-check patient monitoring systems 202,
a patient information system 204, one or more patient
information display systems 206, and the like, intercon-
nected via a communications network 208. It is contem-
plated that the communications network 208 includes
one or more of the Internet, a local area network, a wide
area network, a wireless network, a wired network, a cel-
lular network, a data bus, and the like.

[0063] The patient monitoring systems 202 receive
physiological scores and/or physiological parameter val-
ues for patients (not shown) cared for by the medical
institution. Typically, the patient monitoring systems 202
receive physiological scores and/or physiological param-
eter values automatically collected via, for example, one
or more sensors 210, such as electrocardiographic
(ECG) electrodes, blood pressure sensors, SpO, sen-
sors, pulse sensors, thermometers, respiratory sensors,
exhaled gas sensors, noninvasive blood pressure (NBP)
sensors, and so on, and/or from other components of the
IT infrastructure 200, such as lab equipment or other pa-
tient monitoring systems. However, the patient monitor-
ing systems 202 can receive physiological scores and/or
physiological parameter values manually collected from
clinicians via, for example, user input devices 212. In
certain embodiments, where the physiological scores
and/or physiological parameter values are received from
user input devices, a display 214 can be employed to
facilitate such userinput. The physiological scores and/or
physiological parameter values are typically received
continuously, but can alternatively be received upon the
occurrence of an event, such as a timer event.

[0064] When a patient monitoring system receives
physiological scores and/or physiological parameter val-
ues, a corresponding deterioration detection module 216
is employed to apply the method 100 for generating pa-
tient alarms using a stepped alarm scheme to detect pa-
tient deterioration. In certain embodiments, physiological
scoring is tailored to patients based on patient informa-
tion in the patient information system 204. Insofar as de-
terioration is detected, the patient monitoring system
generates an alarm. In certain embodiments, the alarm
is generated as an audio and/or visual warning via, for
example, a corresponding display. In other embodi-
ments, notification of patient deterioration is provided to
another component of the IT infrastructure 200, such as
one of the patient information display systems 206. Fur-
ther, in certain embodiments, the method 150 of FIGURE
16 is employed for rearming as opposed to the passing
of a predetermined amount of time.
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[0065] To carry out the above noted functionality, the
patient monitoring systems 202 suitably include one or
more memories 218 and one or more processors 220.
Common examples of patient monitoring systems in-
clude patient wearable patient monitors, bed-side patient
monitors, spot-check patient monitors and central patient
monitors. The memories 218 store executable instruc-
tions for performing one or more of the above noted func-
tions of the patient monitoring systems and suitably em-
body the deterioration detection modules 216. The proc-
essors 220 execute the executable instructions stored
onthe memories 218 to carry out the functions associated
with the patient monitoring systems 202. Where the pa-
tient monitoring systems 202 are operative to communi-
cate over the communications network 208, the patient
monitoring systems 202 further include one or more com-
munications units 222 facilitating communication be-
tween the processors 220 and the communications net-
work 208.

[0066] The patient information system 204, such as a
central record medical database, typically acts as a cen-
tral repository of patient information including, for exam-
ple, electronic medical records (EMRs). Additionally or
alternatively, the patientinformation system 204 receives
and stores one or more of physiological scores, physio-
logical parameter values and clinical data for the patients
in one or more memories 224 thereof. Typically the phys-
iological parameter values and/or physiological scores
are received from components of the IT infrastructure
200 via, for example, the communications network 208,
but said measurements can be manually entered via one
or more user input devices 212, 226. As to the latter, a
user interface presented via a display 228 can facilitate
such manual entry. The patient information system 204
further allows components of the IT infrastructure 200 to
access stored data, such as the EMRs and/or physiolog-
ical parameter values for patients, via the communica-
tions network 208.

[0067] To carry out the above noted functionality, the
patient information system 204 suitably includes one or
more communications units 230, the memories 224, and
one or more processors 232. The communications units
230 facilitate communication between the processors
232 and the communications network 208. The memo-
ries 224 store executable instructions for controlling the
processors 232 to perform one or more of the above not-
ed functions of the patient information system 204. The
processors 232 execute the executable instructions
stored on the memories 224.

[0068] The patient information display systems 206 re-
ceive physiological scores and/or physiological parame-
ter values for the patients cared for by the medical insti-
tution over the communications network 208 from a com-
ponent of the IT infrastructure 200. Additionally or alter-
natively, the patient information display systems 206 re-
ceive alarms for the patients cared for by the medical
institution. Using the received data, the patient informa-
tion display systems 206 update associated displays 234
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to graphically present the data to clinicians and/or gen-
erate alarms. As to the latter, audio and/or visual alarms
via, forexample, the displays 234 are contemplated. Fur-
ther, in certain embodiments, user input devices 236 of
the patient information display systems 206 are em-
ployed to acknowledge alarms to the component of the
IT infrastructure 200 generating the alarm.

[0069] To carry out the above noted functionality, the
patient information display systems 206 suitably include
one or more communications units 238, one or more
memories 240, and one or more processors 242. The
communications units 238 facilitate communication be-
tween the processors 242 and the communications net-
work 208. The memories 240 store executable instruc-
tions for controlling the processors 242 to perform one
or more of the above noted functions of the patient infor-
mation display systems 206. The processors 242 exe-
cute the executable instructions stored on the memories
240.

[0070] As used herein,amemoryincludes one or more
of a non-transient computer readable medium; a mag-
netic disk or other magnetic storage medium; an optical
disk or other optical storage medium; a random access
memory (RAM), read-only memory (ROM), or other elec-
tronic memory device or chip or set of operatively inter-
connected chips; an Internet/Intranet server from which
the stored instructions may be retrieved via the Inter-
net/Intranet or a local area network; or so forth. Further,
as used herein, a processor includes one or more of a
microprocessor, a microcontroller, a graphic processing
unit (GPU), an application-specific integrated circuit
(ASIC), a field-programmable gate array (FPGA), and
the like; a user input device includes one or more of a
mouse, a keyboard, a touch screen display, one or more
buttons, one or more switches, one or more toggles, and
the like; and a display includes one or more of a LCD
display, an LED display, a plasma display, a projection
display, a touch screen display, and the like.

[0071] The invention has been described with refer-
ence to the preferred embodiments. Modifications and
alterations may occur to others upon reading and under-
standing the preceding detailed description. For exam-
ple, although the methods and systems disclosed herein
were made using the general ward population in mind,
the alarm escalation can be applied to other healthcare
settings as well, such as in ICU, emergency care or home
monitoring. It is intended that the invention be construct-
ed as including all such modifications and alterations in-
sofar as they come within the scope of the appended
claims or the equivalents thereof.

Claims
1. A system (200) for generating patient alarms using

a stepped alarm scheme, said system (202) com-
prising:
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one or more processors (220) programmed to:

receive physiological scores and/or physi-
ological parameter values; compare the
physiological scores and/or the physiologi-
cal parameter values to a plurality of alarm
levels;

in response to a physiological score and/or
physiological parameter value falling within
an uninhibited one of the alarm levels, issue
an alarm; and,

set afirstinhibition period for the uninhibited
alarm level after issuing the alarm, wherein
an inhibition period is a set period of a pre-
determined length inhibiting the same alarm
level from triggering more alarms until the
inhibition period ends,

characterized in that

the one ormore processors (220) are further
programmed to:

in response to at least one of a plurality
of rearming conditions being met, re-
arming the uninhibited alarm level, the
rearming conditions including:

a firstrearming condition, which in-
cludes:

a predetermined amount of
time passed;

no intervention was adminis-
tered during the predeter-
mined amount of time; and,

a current physiological score
and/or physiological parame-
ter value worsened by a pre-
determined amountcompared
to the physiological score
and/or physiological parame-
ter value; and,

a second rearming condition,
which includes:

the predetermined amount of
time passed;

intervention was administered
during the predetermined
amount of time; and,

a rearming condition is met;
and

wherein the physiological
score and/or physiological pa-
rameter value includes a vital
signs index (VIX) value calcu-
lated from the physiological
parameter values using a pre-
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10

dictive model of stability of a
physiological condition.

The system (200) according to claim 1, wherein re-
ceiving physiological scores and/or physiological pa-
rameter values includes calculating the physiological
scores from the physiological values.

The system (200) according to either one of claims
1 and 2, wherein the physiological scores are calcu-
lated using an abnormality scoring system, the ab-
normality scores based on a plurality of vital sign
measurements of the physiological parameter val-
ues.

The system (200) according to any one of claims
1-3, wherein the first inhibition period is set in re-
sponse to acknowledgement of the alarm.

The system (200) according to any one of claims
1-4, wherein the processors (220) are further pro-
grammed to:

generate the plurality of alarm levels from an
initial alarm level and a delta, wherein the plu-
rality of alarm levels include the initial alarm level
and one or more alarm levels of increasing se-
verity, the alarm levels being spaced from the
initial alarm level and other ones of the alarm
levels by increments of the delta.

The system (200) according to any one of claims
1-5, wherein the processors (220) are further pro-
grammed to:

in response to issuing an alarm, set a second
inhibition period across all of the plurality of
alarm levels, the second inhibition period being
shorter than the first inhibition period.

The system (200) according to any one of claims
1-6, wherein the processors (220) are further pro-
grammed to:

evaluate abnormality scores of the physiological
scores for a change in composition; and,

in response to the change in the composition of
the abnormality scores, issue a second alarm;
and,

set an inhibition period for the uninhibited alarm
level after issuing the second alarm.

The system (200) according to any one of claims
1-7, wherein the physiological score and/ or physio-
logical parameter value includes a baseline vital
signs index (VIX) value indicating a trend of a VIX
over a past predetermined amount of time.
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9. The system (200) according to any one of claims
1-8, further including at least one of:

one or more sensors (210) measuring one or

pared to the physiological score and/or
physiological parameter value; and,

1"

a second rearming condition, which in-
cludes:

the predetermined amount of time

more vital signs of the physiological parameter 5 passed;
values; determining if intervention was admin-
one or more user input devices (212) receiving istered during the predetermined
values of the physiological parameter values amount of time; and,
and/or the physiological scores; and, a rearming condition is met; and
a communications network (208) exchanging 170
physiological scores and/or physiological pa- wherein the physiological score and/or physio-
rameter values between the system (200) and logical parameter value includes a vital signs in-
other components (202, 204, 206) connected to dex (VIX) value calculated from the physiologi-
the communications network (208); cal parameter values using a predictive model
wherein the physiological scores and/or the 175 of stability of a physiological condition.
physiological parameter values are received
from at least one of the sensors (210), the user 11. The method (100) according to claim 10, wherein
input devices (212), and the communications receiving (102) physiological scores and/or physio-
network (208). logical parameter values includes calculating the
20 physiological scores from the physiological values.
10. A method (100) for generating patient alarms using
a stepped alarm scheme, the method (100) compris- 12. The method (100) according to claim 10, further in-
ing: cluding:
receiving (102) physiological scores and/or 25 evaluating (116) abnormality scores of the phys-
physiological parameter values; iological scores for changes in composition;
comparing (106) the physiological scores and/or and,
the physiological parameter values to a plurality in response to a change in the composition of
of alarm levels; and, the abnormality scores, issuing (118) an second
in response to a physiological score and/or 30 alarm; and,
physiological parameter value falling within an setting (118) an inhibition period for the uninhib-
uninhibited one of the alarm levels, issuing (110) ited one of the alarm levels after issuing the sec-
an alarm; and, ond alarm.
setting (112) a first inhibition period for the un-
inhibited alarm level after issuing the alarm, 35 13. The method (100) according to any one of claims
wherein an inhibition period is a set period of a 10-12, further including:
predetermined length inhibiting the same alarm
level from triggering more alarms until the inhi- generating (108) the plurality of alarm levels
bition period ends, from aninitial alarm level and an increments del-
characterized in that 40 ta, wherein the plurality of alarm levels include
in response to at least one of a plurality of re- the initial alarm level and one or more alarm lev-
arming conditions being met, rearming the un- els of increasing severity, the alarm levels
inhibited alarm level, the rearming conditions in- spaced from the initial alarm level and other
cluding: ones of the alarm levels by one or more of the
45 increments delta.
a first rearming condition, which includes:
14. A non-transitory computer readable medium (218)
a predetermined amount of time carrying software which controls one or more proc-
passed; essors (220) to perform the method (100) according
determining if no intervention was ad- 50 to any one of claims 10-13.
ministered during the predetermined
amount of time; and,
a current physiological score and/or Patentanspriiche
physiological parameter value wors-
ened by a predetermined amountcom- 55 1. System (200) zum Erzeugen von Patientenalarmen

unter Verwendung eines abgestuften Alarmsche-
mas, wobei das genannte System (202) Folgendes
umfasst:
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einen oder mehrere Prozessoren (220), die pro-
grammiert sind zum:

Empfangen physiologischer Punktzahlen
und/oder physiologischer Parameterwerte;
Vergleichen der physiologischen Punktzah-
len und/oder der physiologischen Parame-
terwerte mit einer Vielzahl von Alarmstufen;
Ausgeben eines Alarms in Reaktion darauf,
dass eine physiologische Punktzahl
und/oder ein physiologischer Parameter-
wert innerhalb einer ungehemmten der
Alarmstufen liegt; und

Einstellen einer ersten Hemmungsperiode
fur die ungehemmte Alarmstufe nach dem
Ausgeben des Alarms, wobei eine Hem-
mungsperiode eine eingestellte Periode
von einer bestimmten Lange ist, in der die
gleiche Alarmstufe daran gehindert wird,
weitere Alarme auszuldsen, bis die Hem-
mungsperiode endet,

dadurch gekennzeichnet, dass der eine oder meh-
rere Prozessoren (220) weiterhin programmiert sind
zum:

erneuten Scharfschalten der ungehemmten
Alarmstufe in Reaktion darauf, dass mindestens
eine von einer Vielzahl von Bedingungen zum
erneuten Scharfschalten erflllt ist, wobei die Be-
dingungen zum erneuten Scharfschalten Fol-
gendes umfassen:

eine erste Bedingung zum erneuten Scharf-
schalten, die Folgendes umfasst:

den Ablauf einer vorgegebenen Zeit-
dauer;

wahrend der vorgegebenen Zeitdauer
wurde kein Eingriff verabreicht; und
eine aktuelle physiologische Punktzahl
und/oder ein aktueller physiologischer
Parameterwert hat sich im Vergleich zu
der physiologischen Punktzahl
und/oder dem physiologischen Para-
meterwertum einen vorgegebenen Be-
trag verschlechtert; und

eine zweite Bedingung zum erneuten
Scharfschalten, die Folgendes umfasst:

den Ablauf einer vorgegebenen Zeit-
dauer;

wahrend der vorgegebenen Zeitdauer
wurde ein Eingriff verabreicht; und

es wurde eine Bedingung zum erneu-
ten Scharfschalten erfillt; und

wobei die physiologische Punktzahl
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und/oder der physiologische Parame-
terwert einen Vitalzeichenindex- (VIX)
Wert umfassen, der anhand der physi-
ologischen Parameterwerte unter Ver-
wendung eines pradiktiven Modells fir
die Stabilitat eines physiologischen Zu-
stands berechnet wurde.

System (200) nach Anspruch 1, wobei das Empfan-
gen physiologischer Punktzahlen und/oder physio-
logischer Parameterwerte das Berechnen der phy-
siologischen Punktzahlen anhand der physiologi-
schen Werte umfasst.

System (200) nach einem der Anspriiche 1 und 2,
wobei die physiologischen Punktzahlen unter Ver-
wendung eines Abnormalitat-Punktzahlsystems be-
rechnet werden, wobei die Abnormalitat-Punktzah-
len auf einer Vielzahl von Vitalzeichenmessungen
der physiologischen Parameterwerte basieren.

System (200) nach einem der Anspriiche 1 bis 3,
wobei die erste Hemmungsperiode in Reaktion auf
eine Bestatigung des Alarms eingestellt wird.

System (200) nach einem der Anspriiche 1 bis 4,
wobei die Prozessoren (220) weiterhin programmiert
sind zum:

Erzeugen der Vielzahl von Alarmstufen ausge-
hend von einer anfanglichen Alarmstufe und ei-
nem Delta, wobei die Vielzahl von Alarmstufen
die anfangliche Alarmstufe und eine oder meh-
rere Alarmstufen von zunehmendem Schwere-
grad umfasst, wobei die Alarmstufen von der an-
fanglichen Alarmstufe und anderen der Alarm-
stufen durch Inkremente des Delta beabstandet
sind.

System (200) nach einem der Anspriiche 1 bis 5,
wobei die Prozessoren (220) weiterhin programmiert
sind zum:

Einstellen einer zweiten Hemmungsperiode
Uber alle von der Vielzahl von Alarmstufen in
Reaktion auf das Ausgeben eines Alarms, wo-
bei die zweite Hemmungsperiode kiirzer ist als
die erste Hemmungsperiode.

System (200) nach einem der Anspriiche 1 bis 6,
wobei die Prozessoren (220) weiterhin programmiert
sind zum:

Evaluieren von Abnormalitat-Punktzahlen der
physiologischen Punktzahlen auf eine Ande-

rung in der Zusammensetzung; und

Ausgeben eines zweiten Alarms in Reakti-
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on auf die Anderung in der Zusammenset-
zung der Abnormalitat-Punktzahlen; und
Einstellen einer Hemmungsperiode fir die
ungehemmte Alarmstufe nach dem Ausge-
ben des zweiten Alarms.

System (200) nach einem der Anspriche 1 bis 7,
wobei die physiologische Punkizahl und/oder der
physiologische Parameterwert einen Basis-Vitalzei-
chenindex- (VIX) Wert umfasst, der einen Trend ei-
nes VIX Uber eine vergangene vorgegebene Zeit-
dauer angibt.

System (200) nach einem der Anspriiche 1 bis 8,
das weiterhin mindestens eines von Folgendem um-
fasst:

einen oder mehrere Sensoren (210), die ein
oder mehrere Vitalzeichen der physiologischen
Parameterwerte messen;

eine oder mehrere Benutzereingabevorrichtun-
gen (212), die Werte der physiologischen Para-
meterwerte und/oder der physiologischen
Punktzahlen empfangen; und

ein Kommunikationsnetzwerk (208) zum Aus-
tauschen physiologischer Punktzahlen
und/oder physiologischer Parameterwerte zwi-
schen dem System (200) und anderen Kompo-
nenten (202, 204, 206), die mit dem Kommuni-
kationsnetzwerk (208) verbunden sind;

wobei die physiologischen Punktzahlen
und/oder die physiologischen Parameterwerte
von mindestens entweder den Sensoren (210),
den Benutzereingabevorrichtungen (212) oder
dem Kommunikationsnetzwerk (208) empfan-
gen werden.

10. Verfahren (100) zum Erzeugen von Patientenalar-

men unter Verwendung eines abgestuften Alarm-
schemas, wobei das Verfahren (100) Folgendes um-
fasst:

Empfangen (102) physiologischer Punktzahlen
und/oder physiologischer Parameterwerte;
Vergleichen (106) der physiologischen Punkt-
zahlen und/oder der physiologischen Parame-
terwerte mit einer Vielzahl von Alarmstufen; und
Ausgeben (110) eines Alarms in Reaktion dar-
auf, dass eine physiologische Punktzahl
und/oder ein physiologischer Parameterwert in-
nerhalb einer ungehemmten der Alarmstufen
liegt; und

Einstellen (112) einer ersten Hemmungsperio-
de fur die ungehemmte Alarmstufe nach dem
Ausgeben des Alarms, wobei eine Hemmungs-
periode eine eingestellte Periode von einer be-
stimmten Lange ist, in der die gleiche Alarmstufe
daran gehindert wird, weitere Alarme auszul6-
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1.

12.

24

sen, bis die Hemmungsperiode endet,

gekennzeichnet durch:

erneuten Scharfschalten der ungehemmten
Alarmstufe in Reaktion darauf, dass mindestens
eine von einer Vielzahl von Bedingungen zum
erneuten Scharfschalten erfillt ist, wobei die Be-
dingungen zum erneuten Scharfschalten Fol-
gendes umfassen:

eine erste Bedingung zum erneuten Scharf-
schalten, die Folgendes umfasst:

den Ablauf einer vorgegebenen Zeit-
dauer;

Ermitteln, ob wahrend der vorgegebe-
nen Zeitdauer kein Eingriff verabreicht
wurde; und

sich eine aktuelle physiologische
Punktzahl und/oder ein aktueller physi-
ologischer Parameterwert im Vergleich
zu der physiologischen Punktzahl
und/oder dem physiologischen Para-
meterwert um einen vorgegebenen Be-
trag verschlechtert hat; und

eine zweite Bedingung zum erneuten
Scharfschalten, die Folgendes umfasst:

den Ablauf einer vorgegebenen Zeit-
dauer;

Ermitteln, ob wahrend der vorgegebe-
nen Zeitdauer ein Eingriff verabreicht
wurde; und

eine Bedingung zum erneuten Scharf-
schalten erflillt ist; und

wobei die physiologische Punktzahl
und/oder der physiologische Parame-
terwert einen Vitalzeichenindex- (VIX)
Wert umfassen, der anhand der physi-
ologischen Parameterwerte unter Ver-
wendung eines pradiktiven Modells fur
die Stabilitat eines physiologischen Zu-
stands berechnet wurde.

Verfahren (100) nach Anspruch 10, wobei das Emp-
fangen (102) physiologischer Punktzahlen und/oder
physiologischer Parameterwerte das Berechnen der
physiologischen Punktzahlen anhand der physiolo-
gischen Werte umfasst.

Verfahren (100) nach Anspruch 10, das weiterhin
Folgendes umfasst:

Evaluieren (116) von Abnormalitat-Punktzahlen
der physiologischen Punktzahlen auf Anderun-
gen in der Zusammensetzung; und
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Ausgeben (118) eines zweiten Alarms in Reak-
tion auf die Anderung in der Zusammensetzung
der Abnormalitat-Punktzahlen; und

Einstellen (118) einer Hemmungsperiode fiir die
ungehemmte Alarmstufe nach dem Ausgeben
des zweiten Alarms.

13. Verfahren (100) nach einem der Anspriiche 10 bis

12, das weiterhin Folgendes umfasst:

Erzeugen (108) der Vielzahl von Alarmstufen
ausgehend von einer anfanglichen Alarmstufe
und einem Inkremente-Delta, wobei die Vielzahl
von Alarmstufen die anfangliche Alarmstufe und
eine oder mehrere Alarmstufen von zunehmen-
dem Schweregrad umfasst, wobei die Alarmstu-
fen von der anfénglichen Alarmstufe und ande-
ren der Alarmstufen durch ein oder mehrere In-
kremente-Delta beabstandet sind.

14. Nicht-flichtiges computerlesbares Medium (218)

mit Software, die einen oder mehrere Prozessoren
(220) steuert, um das Verfahren (100) nach einem
der Anspriiche 10 bis 13 durchzufiihren.

Revendications

Systeme (200) permettant de générer des alarmes
de patients en utilisant un procédé d’alarme éche-
lonné, ledit systéeme (202) comprenant :

un ou plusieurs processeurs (220) programmés
pour :

recevoir des scores physiologiques et/ou
des valeurs de paramétres physiologiques ;
comparer les scores physiologiques et/ou
les valeurs de paramétres physiologiques
a une pluralité de niveaux d’alarme ;

en réponse a un score physiologique et/ou
a une valeur de parametre physiologique
s’inscrivant dans un non inhibé des niveaux
d’alarme, émettre une alarme ; et,

définir une premiére période dinhibition
pour le niveau d’alarme non inhibé apres
I'émission de I'alarme, dans lequel une pé-
riode d’inhibition est une période définie
d’'une longueur prédéterminée inhibant le
déclenchement de plus d’alarmes par le
méme niveau d’alarme jusqu’a ce que la pé-
riode d’'inhibition se termine,

caractérisé en ce que
'un ou plusieurs processeurs (220) sont en

outre programmés pour :

en réponse a au moins une d’'une pluralité
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de conditions de réarmement remplies,
réarmer le niveau d’alarme non inhibé, les
conditions de réarmement comprenant :

une premiére condition de réarme-
ment, qui comprend :

un laps de temps prédéterminé
écoulé ;

aucune intervention n’a été admi-
nistrée pendant le laps de temps
prédéterminé ; et,

un score physiologique et/ou une
valeur de paramétre physiologique
courants aggravés d’'une quantité
prédéterminée par rapport au sco-
re physiologique et/ou a la valeur
de parametre physiologique ; et,

une seconde condition de réarmement
qui comprend :

le laps de temps prédéterminé
écoulé ;

une intervention a été administrée
pendant le laps de temps
prédéterminé ; et,

une condition de réarmement est
remplie ; et

dans lequel le score physiologique
et/ou la valeur de paramétre phy-
siologique comprennent une va-
leur d’indice de signes vitaux (VIX)
calculée a partir des valeurs de pa-
rametres physiologiques en utili-
santun modéle prédictif de stabilité
d’'un état physiologique.

Systéme (200) selon la revendication 1, dans lequel
la réception de scores physiologiques et/ou de va-
leurs de parameétres physiologiques comprend le
calcul des scores physiologiques a partir des valeurs
physiologiques.

Systéme (200) selon I'une quelconque des revendi-
cations 1 et2, danslequel les scores physiologiques
sont calculés en utilisant un systéme de calcul de
scores d’anomalie, les scores d’anomalie étant ba-
sés sur une pluralité de mesures de signes vitaux
des valeurs de parametres physiologiques.

Systéme (200) selon I'une quelconque des revendi-
cations 1-3, dans lequel la premiére période d’inhi-
bition est définie en réponse a un accusé de récep-
tion de l'alarme.

Systéme (200) selon I'une quelconque des revendi-
cations 1-4, dans lequel les processeurs (220) sont
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en outre programmeés pour :

générer la pluralité de niveaux d’alarme a partir
d’un niveau d’alarme initial et d’'un delta, dans
lequel la pluralité de niveaux d’alarme compren-
nent le niveau d’alarme initial et un ou plusieurs
niveaux d’alarme de gravité croissante, les ni-
veaux d’alarme étant espacés du niveau d’alar-
me initial et d’autres des niveaux d’alarme par
des incréments du delta.

Systeme (200) selon I'une quelconque des revendi-
cations 1-5, dans lequel les processeurs (220) sont
en outre programmeés pour :

en réponse a I'émission d’une alarme, définir
une seconde période d’inhibition a travers toute
la pluralité de niveaux d’alarme, la seconde pé-
riode d’inhibition étant plus courte que la pre-
miere période d’inhibition.

Systeme (200) selon I'une quelconque des revendi-
cations 1-6, dans lequel les processeurs (220) sont
en outre programmeés pour :

évaluer les scores d’anomalie des scores phy-
siologiques pour un changement de
composition ; et,

en réponse au changement de la composition
des scores d’anomalie, émettre une seconde
alarme ; et,

définir une période d’inhibition pour le niveau
d’alarme non inhibé aprés I'émission de la se-
conde alarme.

Systeme (200) selon I'une quelconque des revendi-
cations 1-7, dans lequel le score physiologique et/ou
la valeur de paramétre physiologique comprennent
une valeur d’indice de signes vitaux (VIX) de base
indiquant une tendance d’un VIX au cours d’un laps
de temps prédéterminé passé.

Systeme (200) selon I'une quelconque des revendi-
cations 1-8, comprenant en outre au moins un de :

un ou plusieurs capteurs (210) mesurant un ou
plusieurs signes vitaux des valeurs de parame-
tres physiologiques ;

un ou plusieurs dispositifs d’entrée d’utilisateur
(212) recevant des valeurs des valeurs de pa-
rametres physiologiques et/ou des scores
physiologiques ; et,

un réseau de communications (208) échan-
geant des scores physiologiques et/ou des va-
leurs de parameétres physiologiques entre le
systéeme (200) et d’autres composants (202,
204, 206) connectés au réseau de communica-
tions (208) ;
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dans lequel les scores physiologiques et/ou les
valeurs de parametres physiologiques sont re-
cus depuis au moins un des capteurs (210), des
dispositifs d’entrée d'utilisateur (212) et du ré-
seau de communications (208).

10. Procédé (100) permettant de générer des alarmes

de patients en utilisant un procédé d’alarme éche-
lonné, le procédé (100) comprenant :

la réception (102) de scores physiologiques
et/oude valeurs de parametres physiologiques ;
la comparaison (106) des scores physiologi-
ques et/ou des valeurs de parameétres physio-
logiques a une pluralité de niveaux d’alarme ; et,
enréponse a unscore physiologique et/ou aune
valeur de parameétre physiologique s’inscrivant
dans unnoninhibé des niveauxd’alarme, I'émis-
sion (110) d’une alarme ; et,

la définition (112) d’une premiére période d’in-
hibition pour le niveau d’alarme noninhibé aprés
I’émission de I'alarme, dans lequel une période
d’inhibition est une période définie d’une lon-
gueur prédéterminée inhibantle déclenchement
de plus d’alarmes par le méme niveau d’alarme
jusqu’a ce que la période d’inhibition se termine,

caractérisé en ce que

en réponse a au moins une d’une pluralité de
conditions de réarmement remplies, le réarme-
ment du niveau d’alarme non inhibé, les condi-
tions de réarmement comprenant :

une premiére condition de réarmement, qui
comprend :

unlaps de temps prédéterminé écoulé ;
la détermination de si aucune interven-
tion n’a été administrée pendant le laps
de temps prédéterminé ; et,

un score physiologique et/ou une va-
leur de parametre physiologique cou-
rants aggravés d’'une quantité prédé-
terminée par rapport au score physio-
logique et/ou a la valeur de paramétre
physiologique ; et,

une seconde condition de réarmement, qui
comprend :

le laps de temps prédéterminé écoulé ;
la détermination de si une intervention
a été administrée pendant le laps de
temps prédéterminé ; et,

une condition de réarmement est
remplie ; et

dans lequel le score physiologique
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et/ou la valeur de paramétre physiolo-
gique comprennent une valeur d’indice

de signes vitaux (VIX) calculée a partir
des valeurs de parametres physiologi-
ques en utilisant un modéle prédictifde 5
stabilité d’'un état physiologique.

11. Procédé (100) selon larevendication 10, dans lequel
la réception (102) de scores physiologiques et/ou de
valeurs de paramétres physiologiques comprend le 10
calcul des scores physiologiques a partir des valeurs
physiologiques.

12. Procédé (100) selon la revendication 10, compre-
nant en outre : 15

I’évaluation (116) de scores d’'anomalie des sco-

res physiologiques pour des changements de
composition ; et,

en réponse a un changement de la composition 20
des scores d’anomalie, I'émission (118) d’'une
seconde alarme ; et,

la définition (118) d’'une période d’inhibition pour
celui non inhibé des niveaux d’alarme aprés
I'émission de la seconde alarme. 25

13. Procédé (100) selon I'une quelconque des revendi-
cations 10-12, comprenant en outre :

la génération (108) de la pluralité de niveaux 30
d’alarme a partir d’'un niveau d’alarme initial et
d’un delta d’'incréments, dans lequel la pluralité

de niveaux d’alarme comprennent le niveau
d’alarme initial et un ou plusieurs niveaux d’alar-

me de gravité croissante, les niveaux d’alarme 35
étant espacés du niveau d’alarme initial et
d’autres des niveaux d’alarme par un ou plu-
sieurs du delta d’'incréments.

14. Support non transitoire lisible par ordinateur (218) 40
contenant un logiciel qui commande un ou plusieurs
processeurs (220) pour mettre en oeuvre le procédé
(100) selon I'une quelconque des revendications

10-13.
45
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