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Description
TECHNICAL FIELD

[0001] The presentinvention relates to medical systems and in particular to systems for monitoring patient physiological
parameters.

BACKGROUND

[0002] Patient treatment often includes monitoring of various physiological parameters. Conventionally, such moni-
toring begins by attaching sensors to several locations on a patient’s body. The sensors transmit signals to one or more
devices, which in turn determine the values of subject parameters based on the signals. In this regard, a particular
parameter value may be determined based on a signal received from one or more of the attached sensors.

[0003] Most conventional monitoring devices include alarm functions. Generally, a device issues an audible and/or
visual alarm after determining that a particular parameter value has fallen outside a specified range. This arrangement
presents numerous difficulties. First, a monitoring device may issue an alarmin a case that an associated sensor detaches
from the patient or in case of other non-emergency situations. Several monitoring devices are often used to monitor a
single patient, with each device presenting a possibility of a false alarm. These possibilities condition caregivers to reduce
their sensitivity to the alarms.

[0004] A caregiver’s decision-making processes are often prolonged during critical events due to a barrage of corre-
sponding alarms from multiple monitoring devices, some of which may be false alarms. Additionally, an alarm usually
fails to provide sufficient information to a caregiver. Most patient complications are evidenced by several physiological
parameters, so an alarm-triggering value of one parameter is insufficient to identify a particular complication.

[0005] The patent publication US-A-5,819,007 discloses such a monitoring device comprising alarms and generating
notifications of the patient condition to an operator. The features defined in the preamble of claim 1 are known from said
publication.

[0006] In view of the foregoing, a more efficient system to process patient alarms is desired.

SUMMARY

[0007] Someembodiments of theinvention provide a system to monitor a patient. In some aspects, a signal representing
a value of a physiological parameter is received from a monitoring device. The received value is a value that caused
the monitoring device to trigger an alarm associated with the psychological parameter. A notification is determined based
onthereceived signal and on a second signal that represents a value of a second physiological parameter. The notification
is then presented to an operator.

[0008] According to some aspects, probabilities associated with the notification are presented to the operator. The
probabilities indicate a calculated likelihood that the notification describes the patient’s condition. Some aspects also
allow the operator to issue an instruction to suppress a particular notification, in response to which a notification is
determined based on an assumption that the particular notification is not indicative of the patient’s condition.

[0009] The present invention should not be deemed limited to the disclosed embodiments, however, as those of
ordinary skill in the art can readily adapt the teachings of the present invention to create other embodiments and appli-
cations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The exact nature of this invention, as well as its advantages, will become readily apparent from consideration
of the following specification as illustrated in the accompanying drawings, wherein:

FIG. 1 is diagram illustrating patient monitoring according to some embodiments of the present invention;
FIG. 2 is a flow diagram illustrating process steps according to some embodiments of the present invention;

FIGS. 3a and 3b comprise expert-Bayesian networks for use in conjunction with some embodiments of the present
invention; and

FIGS. 4a and 4b are outward views of displays presenting notifications and associated probabilities according to
some embodiments of the present invention.
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DETAILED DESCRIPTION

[0011] The following description is provided to enable any person of ordinary skill in the art to make and use the
invention and sets forth the best modes contemplated by the inventor for carrying out the invention. Various modifications,
however, will remain readily apparent to those in the art.

[0012] FIG. 1 illustrates a patient monitoring system according to some embodiments of the present invention. The
system illustrated in FIG. 1 may be used in any number of locations and in any number of situations. Possible locations
include a hospital, an office, and an ambulance, and possible situations include during an operation, during a checkup,
and during a recovery period.

[0013] Attached to patient 1 are monitoring devices such as sensors for producing signals associated with physiological
parameters. The produced signals are received by monitoring devices such as monitors for determining a value of a
physiological parameter therefrom. More specifically, blood oxygen saturation level (SP02) monitor 10 receives a signal
associated with an SP02 parameter from sensor 11, electrocardiogram (ECG) monitor 20 receives a signal associated
with a heart rate (HR) parameter from sensor 21, respiration (RESP) monitor 30 receives a signal associated with a
RESP parameter from sensor 31, and invasive blood pressure (IBP) monitor 40 receives a signal associated with an
IBP parameter from sensor 41. Each of sensors 11, 21, 31 and 41 is a sensor suitable to produce a signal representing
an associated parameter. Accordingly, each monitor is used to determine a value of an associated parameter. In some
embodiments, the signal received from SP02 monitor 10 may also be used to determine a value of a pulse (PLS)
parameter.

[0014] It should be noted that, according to some embodiments, one or more of monitors 10 through 40 may receive
signals from more than one sensor and/or two or more of monitors 10 through 40 may receive signals from a same
sensor. In addition, each sensor may transmit a signal using any currently or hereafter-known system for transmitting
data, including RF, infrared, or fiber-optic. Moreover, the signals may be transmitted over one or more of an IP network,
an Ethernet network, a Bluetooth network, a cellular network, and any other suitable network.

[0015] Monitors 10 through 40 are in communication with communication bus 50. Again, communication bus 50 may
comprise any type of network, and communication therewith may proceed in accordance with any hardware and/or
software protocol. It should be noted that the elements described herein as being in communication with one another
need not be continuously exchanging data. Rather, in some embodiments, a connection is established prior to each
exchange of data and is severed thereafter.

[0016] Also in communication with communication bus 50 is alarm server 60. According to some embodiments, alarm
server 60 operates to receive a signal representing a value of a physiological parameter, wherein the value has triggered
an alarm associated with the psychological parameter, to determine a notification based at least on the received signal
and on a second signal representing a value of a second physiological parameter, and to present the natification to an
operator.

[0017] In some embodiments, alarm server 60 includes a communication interface for receiving physiological param-
eter values from monitors 10 through 40, a prediction unit for providing data representing an extrapolated patient condition
based on the values, a decision processor for applying a decision rule to the extrapolated patient condition to identify
an alert condition, and an alert generator for generating an alert indication in response to the alert condition. The prediction
unit may use patient record information for extrapolating the patient condition. In some embodiments, the generator
provides treatment and/or diagnostic suggestions based on the extrapolated condition. The generator may also provide
user-selectable suggestion information of different degrees of detail with respect to the extrapolated condition, and may
also associate different reliability weighting with corresponding suggestion information of different degrees of detail.
[0018] More specifically, according to some embodiments, alarm server 60 receives signals from monitors 10 through
40. Each of the signals represents a value of a respective physiological parameter. At least one of the values has triggered
an alarm of its respective monitor because the value falls outside of a range of predetermined values. For example,
SP02 monitor 10 has been programmed to issue an alarm if it determines an SP02 value that is less than 80%. SP02
monitor 10 receives a signal from sensor 11, determines an SP02 value of 70% based on the signal, and issues an
alarm because the determined value is less than 80%. SP02 monitor 10 transmits a signal representing the value to
alarm server 60 via communication bus 50. One or more of monitors 20 through 40 also sends a signal representing a
value of a physiological parameter to alarm server 60. The signals received from the one or more monitors may or may
not have triggered an alarm of their respective monitors. In this regard, SP02 monitor 10 may also transmit signals
representing parameter values that do not trigger an alarm to alarm server 60.

[0019] Alarm server 60 determines one or more notifications based on the received signals and presents the one or
more notifications to an operator. The notifications indicate a condition of patient 1 based on the received signals.
According to some embodiments, alarm server 60 also determines a probability corresponding to each notification and
presents the probabilities in association with their corresponding notifications. Systems for determining the notifications
and probabilities will be described in detail below.

[0020] In some embodiments, the operator can issue a command to suppress one of the presented notifications. In
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such a case, future reception of similar signals would result in alarm server 60 determining subsequent notifications that
do not include the suppressed notification. The subsequent notifications are determined in some embodiments based
on an assumption that the suppressed notification is not indicative of the patient’s condition. Suppression of certain
notifications that are known not to describe a patient’'s condition may result in the determination of more reliable notifi-
cations and more accurate associated probabilities. Notification suppression according to some embodiments of the
present invention is described below.

[0021] FIG.2is aflow diagram of process steps 200 according to some embodiments of the presentinvention. Although
process steps 200 are described as being performed by alarm server 60, hardware and/or software for executing process
steps 200 may be located in and/or executed by one or more of sensors 11 through 41, monitors 10 through 40, and
alarm server 60.

[0022] Initially, at step S201, alarm server 60 receives a first signal that represents a value of a physiological parameter.
The represented value triggered an alarm prior to step S201 because a device recognized the value as satisfying an
alarm condition. The device may be a device that determined the value, a device that issued the alarm, and/or another
device. According to the present example, a signal is received in step S201 from SP02 monitor 10 that represents an
SPO02 value of 70%. This value has triggered an alarm of SP02 monitor 10 because the value is less than 80%.
[0023] Next, in step S202, alarm server 60 receives a second signal that represents a value of a second parameter.
The value of the second parameter may or may not have triggered an alarm prior to step S202. A signal representing
a HR value of 110 is received from ECG monitor 20 in the present example of step S202. Notifications and associated
probabilities are determined in step S203 based on the first and second signals. It should be noted that the determination
may be based on additional signals representing values of additional physiological parameters. For example, the deter-
mination of the present example may also be based on a signal received from monitor 10 that represents a PLS value
of 104.

[0024] The determined notifications are intended to describe the condition of patient 1, and the associated probabilities
are intended to express a likelihood that the notification is accurate. Many systems can be used to determine the
notifications and the associated probabilities. These systems may be based on one or more of rules, expert systems,
probabilistic networks, predictive networks, neural networks, and the like. According to a specific example, an expert-
Bayesian network may be used in step S203.

[0025] One known method of creating an expert-Bayesian network begins with the creation of an expert knowledge
diagram. Generally, the diagram illustrates the approach an expert would take in making a determination based on
various inputs. In the present instance, an expert knowledge map associates physiological values with possible causes
of the values via probability distributions. Once an expert knowledge map is created, the probability distributions may
be used to derive a corresponding expert-Bayesian network. Known adaptive normalization techniques may be applied
to "train" the expert-Bayesian network based on its intended use.

[0026] FIG. 3a illustrates an expert-Bayesian network for use in conjunction with some embodiments of step S203.
The nodes of the two upper-most levels of the network determine probabilities associated with notifications. The third
level includes three nodes representing intermediate determinations that are made based on determined physiological
parameters. Each node of the network includes a mathematical function that determines a probability of particular
scenarios based on the outputs of nodes from which the node receives input. In a specific example, the "dHR" node of
FIG. 3a may include the following mathematical function, which, as shown in FIG. 3a, operates on the outputs of the
"Heart_Condition" and "ECG_Reliability" nodes:

p (dHR | ECG_Reliability, Heart_Condition) = (ECG_Reliability == High && Heart_Condition == Bradycardiac) ? Nor-
malDist(dHR, -5,2): (ECG_Reliability == High && Heart_Condition == Tachycardiac) ? NormalDist(dHR, 5,2): (ECG_
Reliability == High && Heart_Condition == Normal) ? NormalDist(dHR,0,1): (ECG_Reliability == Low && Heart_Condition
== Bradycardiac) ? NormalDist(dHR, -5,15): (ECG_Reliability == Low && Heart_Condition == Tachycardiac) ? NormalD-
ist(dHR, 5,15): (ECG_Reliability == Low && Heart_Condition == Normal) ? NormalDist(dHR,0,20): 0

[0027] This function determines a probability table as shown below:

Heart_Condition

Bradycardiac | Tachycardiac Normal

y

High n(dHR,-5,2) | n(dHR,5,2) | n(dHR,0,1)

Low n(dHR,-5,15) | n(dHR,5,15) | n(dHR,0,20)

ELG _ KRemaoin
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Accordingly, the data shown in cell (1,1) indicates that in a state where ECG_Reliability = High and Heart_Condition =
Bradycardiac, dHR may be expressed by a normal distribution having mean = -5 and standard deviation = 2.

[0028] It should be noted that the inputs to a node may themselves consist of probability distributions. For example,
one node of the third level represents a probability that a received RESP value has a High reliability and a probability
that the received RESP value has a Low reliability based on a probability distribution of the derivative of the RESP value
and a probability distribution of the standard deviation of the RESP value.

[0029] The grayed-out nodes of FIG. 3a are not associated with probability distributions because the actual values
represented by the nodes are known. According to the present example, the grayed-out nodes represent values received
by alarm server 60 in steps S201 and S202. Therefore, the probabilities reflected within the other nodes of FIG. 3a are
based on the received values and on the mathematical functions included in the nodes. More particularly, based on the
received values of 70% SP02, 110 HR and 104 PLS, the notifications and probabilities of the two upper-most levels of
the FIG. 3a network are determined in step S203. It should be noted that only one notification and/or no probability is
determined in some embodiments of step S203.

[0030] The notifications and the associated probabilities are presented to an operator in step S204. FIG. 4a is an
outward view of interface 61 of alarm server 60 for use in presenting the notifications and the associated probabilities.
Interface 61 of FIG. 4a presents notifications and associated probabilities determined based on the network of FIG. 3a.
As shown, all notifications and/or associated probabilities determined in step S203 need not be presented in step S204.
For example, presented in step S204 might be only those notifications associated with probabilities of greater than 20%
and/or those notifications describing a critical condition and that are associated with a probability of greater than 50%.
[0031] Interface 61 also includes buttons 62 and 63 for selecting one of the displayed notifications, button 64 for
delaying an alarm, and button 65 for suppressing a selected notification. According to some embodiments, the alarm
that was triggered by the value of the signal received in step S201 continues throughout steps S201 through S205. An
operator may issue an instruction to temporarily disable the alarm by pressing button 64. In this case, the instruction is
detected in step S205 and flow proceeds to step S206, in which the alarm is temporarily disabled for a specified period.
Any other alarms issued by monitoring devices 20 through 40 may also be disabled in step S206. The disabled alarms
resume after expiration of the specified period.

[0032] The operator may issue an instruction to ignore a presented notification by selecting the notification using
buttons 62 and/or 63 and by thereafter pressing button 65. In some instances, the operator may issue such an instruction
because the operator is confident that the selected notification does not describe the condition of patient 1. According
tothe presentexample, the operator selects the "SP02 Sensor Problem" notification and presses button 65. The instruction
is received in step S205, and flow thereafter proceeds to step S207.

[0033] Instep S207, itis assumed that the selected notification is not indicative of the patient’s condition. Flow returns
to step S203 to re-determine the notifications and associated probabilities based on this assumption. FIG. 3b illustrates
this re-determination using the expert-Bayesian network of FIG. 3a. More particularly, the probability associated with
the "SP02 Sensor Problem" notifications has been forced to 0% and each other node has been recalculated based
thereon and on the original values of the SP02, HR and PLS parameters.

[0034] The re-determined notifications and associated probabilities are presented to the operator in step S204. FIG.
4bis a view of interface 61 presenting the re-determined notifications and probabilities according to some embodiments
of the present invention. As shown, the "SP02 Sensor Problem" notification has been suppressed.

[0035] Thoseinthe art will appreciate that various adaptations and modifications of the above-described embodiments
can be configured without departing from the scope and spirit of the invention. In some embodiments, functions attributed
above to monitors 10 through 40 are performed by a single monitoring unit, such as the Siemens Infinity Patient Monitoring
System™. Some embodiments also incorporate the functions of alarm server 60 into the single monitoring unit.

[0036] Embodiments of the present invention may differ from the description of process steps 200. For example, in
some embodiments, no probability is determined in step S203 or presented in step S204. According to some embodi-
ments, alarm server 60 may receive a signal from a monitoring device representing a value of a physiological parameter
that is not associated with any node of a probabilistic network used by alarm server 60 but that triggered an alarm of
the monitoring device. As a result, alarm server 60 presents a notification of the alarm on interface 61 along with other
notifications that are determined as described above. Such an arrangement allows alarm server 60 to handle alarms
other than those alarms that it has been programmed to analyze in conjunction with other signals.

[0037] In some embodiments, the operator may also issue an instruction to discontinue suppression of a notification.
The particular arrangement of process steps, 200 is not meant to imply a fixed order to the steps; embodiments of the
present invention can be practiced in any order that is practicable. In this regard, flow may proceed from step S207 to
step S201 to determine notifications and/or probabilities based on a command to suppress a notification and on newly-
received parameter values.

[0038] Therefore, itis to be understood that, within the scope of the appended claims, the invention may be practiced
other than as specifically described herein.
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Claims

1.

10.

11.

A system for monitoring a patient, comprising:

a plurality of monitoring devices (10, 20, 30, 40) each of the plurality of monitoring devices for monitoring values
of one or more respective physiological parameters, for determining that a value of one of the one or more
respective physiological parameters violates an associated alarm threshold, and for issuing an alarm indicating
that the value violates the associated alarm threshold;

a notification system for receiving a signal representing the value and one or more signals representing other
monitored values, for determining a notification based at least on the received signal and on the one or more
signals, and for presenting the notification to an operator, characterized in that

an input device is adapted to receive an instruction to suppress a particular notification,

wherein the notification system is arranged to re-determine a notification in response to an instruction to suppress
a notification.

A system according to Claim 1, the notification system being arranged to re-determine the notification based at least
on an assumption that the particular notification is not indicative of the patient’s condition.

A system according to Claim 1 or 2, the notification system being arranged to issue an instruction to suppress the
alarm.

A system according to any of Claims 1 to 3, the system being a medical alarm system for processing information
from a plurality of patient monitoring sources to generate an alert message, comprising:

a communication interface for receiving patient physiological parameter values from a plurality of patient mon-
itoring devices for a particular patient;

a prediction unit for providing data representing an extrapolated patient condition based on the parameter values;
a decision processor for applying a decision rule to said extrapolated patient condition to identify an alert
condition; and

an alert generator for generating an alert indication in response to said identified alert condition.

A system according to Claim 4, wherein
said prediction unit uses patient record information for a particular patient in extrapolating patient condition.

A system according to any of the preceding claims, further comprising a user interface comprising:
adisplayed image area to present a notification based at least on a signal representing a value of a physiological
parameter, the value having triggered an alarm associated with the physiological parameter, and on a second
signal representing a value of a second physiological parameter.

A system according to Claim 6, the user interface further comprising:
a displayed image area to present a probability associated with the presented notification.

A system according to Claim 7, the user interface further comprising:

a displayed image area to present a second notification and a second probability associated with the second
notification.

A system according to Claim 8, wherein the displayed image area presents a second notification based at least on
the received signal, on the second signal, and on the instruction to suppress the particular notification.

A system according to any of the preceding claims wherein the notification system comprises a probabilistic network.

A system according to Claim 10 wherein a probability in the probabilistic network is changed in response to an
instruction to suppress a notification.
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A system according to Claim 10 or 11 wherein the probabilistic network is a Bayesian network or a predictive network.
A method of providing a notification comprising:
receiving a signal representing a value of a physiological parameter, the value having triggered an alarm as-
sociated with the physiological paramater;
determining a notification based at least on the received signal and on a second signal representing a value of
a second physiological parameter,
presenting the notification to an operator,
receiving an instruction to suppress the notification; and
re-determining the notification in response to the instruction to suppress the notification.
A method according to Claim 13, further comprising:

determining a second notification based at least on the received signal.

A method according to Claim 14, further comprising determining a probability associated with each of the notification
and the second notification; and

presenting each of the notification and the second natification in conjunction with a respective associated prob-
ability.

A method according to any of Claims 13 to 15, further comprising:

determining the notification based at least on a third received signal; and
determining that the notification should not be presented based on the received instruction.

A method according to any of Claims 13 to 16, wherein the notification is determined using a probabilistic network.
A method according to Claim 17, wherein the probabilistic network is a Bayesian network.
A method according to Claim 17, wherein the probabilistic network is a predictive network.

A method according to any of Claims 17 to 19, further comprising changing a probability in the probabilistic network
in response to the instruction to suppress the notification.

A method according to any of Claims 13 to 20, further comprising:
issuing an instruction to suppress the alarm.
A method according to any of Claims 13 to 21, further comprising:

determining a second notification based at least on a third received signal and on an assumption that the
notification is not indicative of the patient’s condition.

A method according to any of Claims 13 to 22, further comprising:

receiving an instruction to discontinue suppression of the particular notification;

receiving a second signal representing a second value of the physiological parameter, the value having triggered
an alarm associated with the physiological parameter;

determining the particular notification based at least on the received second signal; and

presenting the particular notification to an operator.

A method according to Claim 10, wherein the re-determining step comprises:

re-determining the notification based at least on an assumption that the particular notification is not indicative
of the patient’s condition.
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Patentanspriiche

1.

Ein System zur Patiententiberwachung, umfassend:

eine Vielzahl von Uberwachungseinheiten (10, 20, 30, 40), wobei jede der Vielzahl der Uberwachungseinheiten
die Werte eines oder mehrerer einzelner physiologischer Parameter Gberwacht, um zu ermitteln, dass ein Wert
des einen oder der mehreren einzelnen physiologischen Parameter eine ihm zugeordnete Alarmschwelle tber-
schreitet, und um einen Alarm auszuldsen, der anzeigt, dass dieser Wert die ihm zugeordnete Alarmschwelle
Uberschreitet;

ein Meldesystem zum Empfangen eines Signals, welches den Wert wiedergibt und eines oder mehrerer Signale,
welche die anderen tiberwachten Werte wiedergeben, zur Bestimmung einer Meldung auf Basis zumindest des
erhaltenen Signals und auf Basis des einen oder der mehreren Signale, und zum Anzeigen der Meldung an
den Bediener, dadurch gekennzeichnet, dass ein Eingabegerat daran angepasst ist, eine Anweisung zu
erhalten, um eine besondere Meldung zu verhindern, wobei das Meldesystem derart ausgestattet ist, um eine
Meldung auf eine Anweisung hin nochmals zu untersuchen, um eine Meldung zu unterdriicken.

System nach Anspruch 1, wobei das Meldesystem derart ausgestattet ist, um die Meldung, die zumindest auf einer
Annahme, dass die besondere Meldung nicht bezeichnend flr den Zustand des Patienten ist, beruht, nochmals zu
untersuchen.

System gemaR Anspruch 1 oder 2, wobei das Meldesystem derart ausgestattet ist, eine Anweisung zum Unterdriik-
ken des Alarms zu senden.

System gemaf einem der Anspriiche 1 bis 3, wobei das System ein medizinisches Alarmsystem zur Verarbeitung
von Informationen einer Vielzahl von patienteniiberwachenden Quellen ist, um eine Alarmmeldung zu generieren,
umfassend:

eine Kommunikationsschnittstelle, um die physiologischen Patientenparameterwerte einer Vielzahl von patien-
tenliberwachenden Einheiten eines bestimmten Patienten zu empfangen;

eine Prognoseeinheit zur Lieferung von Daten, welche einen extrapolierten Zustand eines Patienten auf Basis
der Parameterwerte widerspiegeln;

eine Entscheidungsauswerteeinheit zum Anwenden einer Entscheidungsregel gegenuber des extrapolierten
Zustandes des Patienten, um einen Alarmzustand zu identifizieren; und

einen Alarmerzeuger zum Erzeugen eines Alarmsignals als Reaktion auf besagten identifizierten Alarmzustand.

System gemafR Anspruch 4, wobei die Prognoseeinheit aufgezeichnete Patienteninformationen fiir einen bestimmten
Patienten verwendet, um einen Zustand eines Patienten zu extrapolieren.

System gemal einem der vorherstehenden Anspriiche, weiterhin umfassend eine Bedieneroberflache umfassend:
ein Anzeigenfeld zur Anzeige einer Meldung, die zumindest auf einem Signal, welches einen Wert eines phy-
siologischen Parameters reprasentiert, basiert, wobei der Wert einen Alarm ausgeldst hat, der mit dem physio-
logischen Parameter verknipft ist, und auf einem zweiten Signal, welches einen Wert eines zweiten physiolo-
gischen Parameters reprasentiert, basiert.

System gemal Anspruch 6, wobei die Bedieneroberflache weiterhin umfasst:
ein Anzeigenfeld, um eine Wahrscheinlichkeit, die mit der wiedergegebenen Meldung verknupftist, darzustellen.

System gemaf Anspruch 7, wobei die Bedieneroberflache weiterhin umfasst:

ein Anzeigenfeld, um eine zweite Meldung und eine zweite Wahrscheinlichkeit, die mit der zweiten Meldung
verknupft ist, anzuzeigen.

System gemaR Anspruch 8, wobei das Anzeigenfeld eine zweite Meldung mindestens auf Basis des einen emp-
fangenen Signals, des zweiten Signals und der Anweisung wiedergibt, um die spezielle Meldung zu unterdriicken.

10. System gemal einem der vorstehenden Anspruiche, wobei das Anzeigensystem ein wahrscheinlichkeitstheoreti-
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sches Netzwerk umfasst.

System gemaR Anspruch 10, wobei eine Wahrscheinlichkeit in dem wahrscheinlichkeitstheoretischen Netzwerk auf
eine Anweisung hin verandert wird, um eine Meldung zu unterdriicken.

System gemafR Anspruch 10 oder 11, wobei das wahrscheinlichkeitstheoretische Netzwerk ein Bayesianisches
Netzwerk oder ein prognostizierendes Netzwerk ist.

Verfahren zur Generierung einer Meldung, umfassend:

Empfangen eines Signals, welches einen Wert eines physiologischen Parameters reprasentiert, wobei der Wert
einen Alarm, der mit dem physiologischen Parameter verbunden ist, ausgel6st hat;

Ermitteln einer Meldung basierend zumindest auf dem empfangenen Signal und auf Basis eines zweiten Signals,
welches einen Wert eines zweiten physiologischen Parameters widerspiegelt;

Wiedergabe der Meldung an den Bediener;

Empfangen einer Anweisung, um die Meldung zu unterdriicken; und

nochmaliges Untersuchen der Meldung in Antwort auf die Anweisung, um die Meldung zu unterdriicken.

Verfahren gemaR Anspruch 13, weiterhin umfassend Ermittlung einer zweiten Meldung basierend auf mindestens
dem empfangenen Signal.

Verfahren gemaR Anspruch 14, weiterhin umfassend Ermitteln einer Wahrscheinlichkeit, die mit jeder der Meldung
und der zweiten Meldung verkniipft ist, und Wiedergabe jeder der Meldung und der zweiten Meldung in Verbindung
mit einer jeweiligen damit verkniipften Wahrscheinlichkeit.

Verfahren gemaR einem der Anspriiche 13 bis 15, weiterhin umfassend:

Ermitteln der Meldung auf Basis zumindest eines dritten empfangenen Signals; und
Ermitteln, dass die Meldung auf Basis der empfangenen Anweisungen nicht wiedergegeben werden soll.

Verfahren gemaf einem der Anspriiche 13 bis 16, wobei die Meldung unter Verwendung eines wahrscheinlichkeits-
theoretischen Netzwerkes ermittelt wird.

Verfahren gemafR Anspruch 17, wobei das wahrscheinlichkeitstheoretische Netzwerk ein Bayesianisches Netzwerk
ist.

Verfahren gemaf Anspruch 17, wobei das wahrscheinlichkeitstheoretische Netzwerk ein prognostizierendes Netz-
werk ist.

Verfahren gemaR einem der Anspriiche 17 bis 19, weiterhin umfassend Andern der Wahrscheinlichkeit in dem
wahrscheinlichkeitstheoretischen Netzwerk in Antwort auf die Anweisung, um die Meldung zu unterdriicken.

Verfahren gemaR einem der Anspriiche 13 bis 20, weiterhin umfassend:
Aussenden einer Anweisung, um den Alarm zu unterdricken.
Verfahren gemaR einem der Anspruiche 13 bis 21, weiterhin umfassend:

Ermitteln einer zweiten Meldung auf Basis von zumindest einem dritten empfangenen Signal und unter der
Vermutung, dass die Meldung nicht bezeichnend fiir den Zustand des Patienten ist.

Verfahren gemaR einem der Anspruiche 13 bis 22, weiterhin umfassend:

Empfangen einer Anweisung, um die Unterdriickung der spezifischen Meldung abzubrechen;

Empfangen eines zweiten Signals, welches einen zweiten Wert des physiologischen Parameters wiedergibt,
wobei der Wert einen Alarm in Verbindung mit dem physiologischen Parameter ausgel6st hat;

Ermitteln der besonderen Meldung auf Basis von zumindest dem empfangenen zweiten Signal; und
Wiedergabe der spezifischen Meldung an den Bediener.
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24. Verfahren gemafR Anspruch 10, wobei der nochmalige Untersuchungsschritt umfasst:

nochmaliges Untersuchen der Meldung zumindest auf Basis der Annahme, dass die spezielle Meldung nicht
bezeichnend fir den Zustand des Patienten ist.

Revendications

Systéme de surveillance d’un patient, comprenant :

une pluralité de dispositifs de surveillance (10, 20, 30, 40), chacun de la pluralité de dispositifs de surveillance
servant a surveiller des valeurs d’un ou de plusieurs paramétres physiologiques respectifs, dans le but de
déterminer qu’une valeur d’un du un ou des plusieurs parametres physiologiques respectifs viole un seuil
d’alarme associé, et dans le but d’émettre une alarme indiquant que la valeur viole le seuil d’alarme associé ;
un systeme de notification servant a recevoir un signal représentant la valeur, et un ou plusieurs signaux
représentant d’autres valeurs surveillées, dans le but de déterminer une notification basée au moins sur le
signal regu et sur le un ou les plusieurs signaux, et dans le but de présenter la notification a un opérateur ;
caractérisé en ce que

un dispositif d’entrée est adapté pour recevoir une instruction de supprimer une notification particuliére,

dans lequel le systéme de notification est agencé de fagon a re-déterminer une notification en réponse a une
instruction de supprimer une notification.

Systéme selon la revendication 1, dans lequel le systeme de notification est agencé de fagon a re-déterminer la
notification en se basant au moins sur une supposition que la naotification particuliere n’indique pas I'état d’'un patient.

Systéme selon la revendication 1 ou 2, dans lequel le systéme de notification est agencé de fagon a émettre une
instruction de supprimer l'alarme.

Systéme selon I'une quelconque des revendications 1 a 3, dans lequel le systéme est un systéme d’alarme médicale
servant a traiter des informations provenant d’'une pluralité de sources de surveillance d’un patient dans le but de
générer un message d’alerte, le systeme comprenant :

une interface de communication servant a recevoir des valeurs de paramétres physiologiques d’un patient
délivrées en sortie par une pluralité de dispositifs de surveillance de patient pour un patient particulier ;

un module de prédiction servant a fournir des données représentant un état extrapolé du patient en se basant
sur les valeurs de paramétres ;

un dispositif de traitement de décision servant a appliquer une regle de décision au dit état extrapolé du patient
dans le but d’identifier une condition d’alerte ; et

un dispositif de génération d’alerte servant a générer une indication d’alerte en réponse a ladite condition d’alerte
identifiée.

Systéme selon la revendication 4, dans lequel :

ledit module de prédiction utilise des informations de dossier de patient pour un patient particulier en extrapolant
un état du patient.

Systéme selon I'une quelconque des revendications précédentes, comprenant par ailleurs une interface utilisateur
comprenant :

une zone d’'image affichée servant a présenter une notification basée au moins sur un signal représentant une
valeur d’'un paramétre physiologique, la valeur ayant déclenché une alarme associée au parametre physiolo-
gique, et sur un deuxiéme signal représentant une valeur d’'un deuxiéme paramétre physiologique.

Systéme selon la revendication 6, dans lequel I'interface utilisateur comprend par ailleurs :

une zone d’image affichée servant a présenter une probabilité associée a la notification présentée.
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Systéme selon la revendication 7, dans lequel I'interface utilisateur comprend par ailleurs :

une zone d’'image affichée servant a présenter une deuxiéme notification et une deuxiéme probabilité associée
a la deuxiéme notification.

Systéme selon la revendication 8, dans lequel la zone d’image affichée présente une deuxiéme notification basée
au moins sur le signal regu, sur le deuxiéme signal, et sur Iinstruction de supprimer la notification particuliere.

Systéme selon 'une quelconque des revendications précédentes, dans lequel le systéme de notification comprend
un réseau probabiliste.

Systéme selon la revendication 10 dans lequel une probabilité dans le réseau probabiliste change en réponse a
une instruction de supprimer une notification.

Systéme selon la revendication 10 ou 11 dans lequel le réseau probabiliste est un réseau bayésien ou un réseau
prédictif.
Procédé servant a fournir une notification, comprenant les étapes consistant a :
recevoir un signal représentant une valeur d’'un paramétre physiologique, la valeur ayant déclenché une alarme
associée au parametre physiologique ;
déterminer une notification en se basant au moins sur le signal regu et sur un deuxiéme signal représentant
une valeur d’'un deuxiéme parametre physiologique ;
présenter la notification a un opérateur;
recevoir une instruction de supprimer la notification ; et
re-déterminer la notification en réponse a I'instruction de supprimer la notification.
Procédé selon la revendication 13, comprenant par ailleurs I'étape consistant a :

déterminer une deuxiéme notification en se basant au moins sur le signal regu.

Procédé selon la revendication 14, comprenant par ailleurs les étapes consistant a déterminer une probabilité
associée a chacune de la notification et de la deuxiéme notification ; et

a présenter chacune de la notification et de la deuxieme notification en conjonction avec une probabilité res-
pective associée.

Procédé selon 'une quelconque des revendications 13 a 15, comprenant par ailleurs les étapes consistant a :

déterminer la notification en se basant au moins sur un troisi€me signal recu ; et
déterminer que la notification ne doit pas étre présentée en se basant sur l'instruction regue.

Procédé selon I'une quelconque des revendications 13 a 16, dans lequel la notification est déterminée en utilisant
un réseau probabiliste.

Procédé selon la revendication 17, dans lequel le réseau probabiliste est un réseau bayésien.
Procédé selon la revendication 17, dans lequel le réseau probabiliste est un réseau prédictif.

Procédé selon 'une quelconque des revendications 17 a 19, comprenant par ailleurs I'étape consistant a faire
changer une probabilité a I'intérieur du réseau probabiliste en réponse a I'instruction de supprimer la notification.

Procédé selon 'une quelconque des revendications 13 a 20, comprenant par ailleurs I'étape consistant a :
émettre une instruction de supprimer la notification.

Procédé selon 'une quelconque des revendications 13 a 21, comprenant par ailleurs I'étape consistant a :
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déterminer une deuxi€éme notification en se basant au moins sur un troisieme signal regu et sur une supposition
que la notification n’indique pas I'état du patient.

23. Procédé selon 'une quelconque des revendications 13 a 22, comprenant par ailleurs les étapes consistant a :
recevoir une instruction de cesser de supprimer la notification particuliere ;
recevoir un deuxieme signal représentant une deuxiéme valeur d’'un paramétre physiologique, la valeur ayant
déclenché une alarme associée au parameétre physiologique ;
déterminer la notification particuliére en se basant au moins sur le deuxiéme signal recgu ; et
présenter la notification particuliere a un opérateur.

24. Procédé selon la revendication 10, dans lequel I'étape de re-détermination comprend I'étape consistant a :

re-déterminer la notification en se basant au moins sur une supposition que la notification particuliere n’indique
pas I'état du patient.

12



EP 1 420 686 B1

50

SPO2
10
. 60
ECG v
20 0
0
RESP .
30
IBP
40
-

FIG. 1

13



EP 1 420 686 B1

200
I3201
RECEIVE A FIRST SIGNAL
REPRESENTING A VALUE OF A
PHYSIOLOGICAL PARAMETER
THAT TRIGGERED AN ALARM
\ ~ S202
RECEIVE A SECOND SIGNAL
REPRESENTING A VALUE OF A
SECOND PHYSIOLOGICAL
PARAMETER
v FSZOS
DETERMINE A NOTIFICATION
AND ASSOCIATED
PROBABILITIES BASED ON THE [*
RECEIVED SIGNALS
_—S204 | ASSUME THAT
SUPPRESSED
PRESENT THE NOTIFICATION NOTI'S"“SQI'ON
O AN OPERAT:
TOAN OR INDICATIVE OF
PATIENT'S
CONDITION
+ \s207
5208 $205
DISABLE ALARM
FOR GIVEN INSTRUCTION RECEIVED
PERIOD ? SUPPRESS

A

DELAY

FIG. 2

14



EP 1 420 686 B1

\EF0

ﬁm% T Lfees 0oL.aLol

Hce,. OLongL || [weMgly 0L G
dpzl, 510G | | leeegsy oSOl
aie:  smol ) L{igs orwook |

P_.m m.—.u E.m mz

.“, o Lgl A Y —77a MO
i fcog YoM i  gze B
a.__mnﬂ..&.mmmz RINQENRY Z09%

EENE -1
—— B
AmNeHRY-OE

¢§J |
JBuLioN
-5 ubt
aﬁx .3:5-?.8.
alog [ R EGL s.£ B8
; e N aniL : ﬂﬂﬁ 78 Ceeal]| 1.
%oha:—d.o_ﬁ_wug Eomuma:nn_ EéE_aucm Ec—nﬂm IGENES Ncnm uswenoy wayy teddp | .3_5::5 W]

15



EP 1 420 686 B1

GLF0L

- RO
L T I™z0. OoLeipl]
¥EZ OOLMSL | -f -] . Eee gLoig] -
Cauerg || we gy pergle|
‘minnacG o0l | bl Wen al-onpdli-]
Q15 dsa

Tie0 GEoEL ]
gyl SEON0Z
] iz }oig — ~ :
o L'ig L,_a . gog ]
LT d Q.ﬁn»m.r% [

., meow _a..on

g MO

ey ..owﬁawow

015 Sd 01s Ul

"yLL -88jey
" oe8 Al

. =o_«.nrr§m wolidey Mmn'y

he

pes [T
cby  en)

N €0,
N.88E" oL

,mm,un. i

——GG53 B8R
R e N R L

16

00} . jeuuoN |
Y] il sejpakydey.
| 1o oepsssdpiug

oeﬁo%s.ga__as.;s

Eo_uE..m.: Tyoneidsay

eatdy

EE.SZE saD seddny

TR




EP 1 420 686 B1

Vs 60
61
yd
62
SpO2 Sensor Problem (68%)
Ventilation Ineffective (25%) 63
Respiration Insufficient (21%) m/
Delay Suppress
[ Delay N _ o E Negs
FIG. 4a
v 60
61
pd
- - 62
Ventilation Ineffective (45%) m/
Upper Chest Movement (37%)
63
Respiration Insufficient (37%) m/
Apnea (35%)
@elay ]Eppress
‘\ 64 }\65

FIG. 4b

17



EP 1 420 686 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* US 5819007 A [0005]

18



TREMOF) BERENRELERENAFRRE
[F(RE)E EP1420686B1 K (aH)A
RiES EP2002759415 RiEH

FRIRE(RFR)AGE) EEEFEERLF

RF(EFR)AGE) A FEFH#IRTEUSA |, INC.

HARBHEAIRAGE) BREBETRELT.

FRI& B A

KRN

AN

BEX)

REAN-EXHBHRET —HENBENRE, £—LFE , NEN
REBURTEESHNENES. BENERERMREMESOE
SHRXBNERNE, ETBEUNESHNRTIE_LESHNENS
—EERERA. RAENBH2INGERER

SANTOSO NUGROHO IWAN
HUANG JOHNNIE W
KELLY CLIFFORD MARK

SANTOSO, NUGROHO, IWAN
HUANG, JOHNNIE, W.
KELLY, CLIFFORD, MARK

patsnap

2008-07-02

2002-08-21

A61B5/00 A61B5/0205 A61B5/0215 A61B5/0402 A61B5/08 A61B5/145 A61G12/00

A61B5/0002 A61B5/0205 A61B5/0215 A61B5/0402 A61B5/1455 A61B2560/0271 G16H40/63 G16H50

/20 Y10S128/92 Y10S706/924

60/316605 2001-08-31 US
10/223311 2002-08-19 US

EP1420686A2

Espacenet

Hear Condton

Bradycardiac

Tachycardiac

Nomal

iR 52)

L)

R0

Low

RS

RS 5

N6HRO2)



https://share-analytics.zhihuiya.com/view/4b6b381d-336d-4672-b449-7c27a272f488
https://worldwide.espacenet.com/patent/search/family/026917649/publication/EP1420686B1?q=EP1420686B1

