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Description
BACKGROUND

[0001] Physiological activity of various organs, such
as the heart or brain, can be monitored, and this physi-
ological activity can be analyzed to look for patterns that
may assist in diagnosing various conditions. For exam-
ple, the electrical activity of the heart can be monitored
to track various aspects of the functioning of the heart.
Cardiac monitoring devices sense the cardiac electrical
activity of a living being. Cardiac electrical activity can be
indicative of disease states or other physiological condi-
tions ranging from benign to fatal. Ambulatory physiolog-
ical monitors are described in US Patent No. 5,678,562
and WO 2005/050523.

SUMMARY

[0002] In a first aspect, there is provided a machine-
implemented method according to claim 7.

[0003] Implementations can include any, all, or none
of the following features. The first physiological signal
data can include cardiac signal data; performing a first
analysis of the physiological signal data can include de-
termining arrhythmia events in the cardiac signal data;
and the data associated with the first analysis can include
the physiological signal data associated with arrhythmia
events. The machine-implemented method can include
receiving feedback data at the central processing device
from a health care professional regarding the data asso-
ciated with the first or second analysis; and automatically
adjusting configuration settings at either the central
processing device or at the first processing device based
onthe health care professional’s feedback. The machine-
implemented method can include transmitting the con-
figuration settings from the central processing device to
the first processing device based on the second analysis;
and adjusting the first processing device based on the
configuration settings. Transmitting the configuration set-
tings from the central processing device can include
transmitting configuration settings to adjust a type of
analysis performed at the first processing device. The
machine-implemented method can include transmitting
data requests to the first processing device; transmitting
requested data from the first processing device to the
remote central processing device based on the data re-
quest; and analyzing the requested data at the remote
central processing device. The machine-implemented
method can include transmitting a request to the first
processing device for additional analysis to be performed
by the first processing device; performing the additional
analysis at the first processing device; and transmitting
data associated with the additional analysis to the central
processing device.

[0004] The machine-implemented method includes
obtaining first physiological signal data, such as obtaining
electrocardiogram (ECG) data; wherein performing a first
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analysis of the first physiological signal data includes de-
termining QRS data for multiple QRS complexes in the
ECG data; where transmitting data associated with the
first analysis can include transmitting the QRS data; and
where performing a second analysis includes performing
an analysis to determine heart rate variability. The ma-
chine-implemented method can include obtaining sec-
ond physiological signal data for a second living being;
performing a first analysis of the second physiological
signal data at a second processing device local to the
second living being and remote from the central process-
ing device; transmitting from the second processing de-
vice data associated with the first analysis of the second
physiological signal data to the central processing de-
vice; performing at the central processing device a sec-
ond analysis of the data transmitted from the second
processing device; and displaying the data associated
with the second analysis.

[0005] The machine-implemented method can also in-
clude obtaining second physiological signal data for a
second living being; performing a first analysis of the sec-
ond physiological signal data at a second processing de-
vice local to the second living being and remote from the
central processing device; transmitting from the second
processing device data associated with the first analysis
of the second physiological signal data to the central
processing device; performing at the remote central
processing device a second analysis of the data trans-
mitted from the second processing device; comparatively
analyzing the data associated with the second analysis
of the data transmitted from the second processing de-
vice and the data associated with the second analysis of
the data transmitted from the first processing device; and
transmitting configuration settings to the first or the sec-
ond processing device based on the comparative anal-
ysis. The machine-implemented method can include
comparatively analyzing data associated with the second
analysis with data associated with an analysis of a phys-
iological signal for the living being from a different time
period.

[0006] The machine-implemented method can also in-
clude obtaining second physiological signal data for a
second living being; transmitting the second physiologi-
cal signal data from a second processing device local to
the second living being and remote from the central
processing device to the central processing device as
the second physiological data is obtained; and perform-
ing at the central processing device an analysis of the
data transmitted from the second processing device as
the data is received at the central processing device.
[0007] In a second aspect, there is provided a system
according to claim 1.

[0008] Implementations can include any, all, or none
of the following features. The physiological signal data
can include cardiac signal data; wherein performing a
first analysis of the physiological signal data can include
determining atrial fibrillation events in the cardiac signal
data; and wherein the data associated with the first anal-
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ysis can include the physiological signal data associated
with atrial fibrillation events. The monitoring apparatus
may make adjustments based on the configuration set-
tings. The adjustments can include adjustments to the
amount or type of analysis performed at the monitoring
apparatus. The central processing device can be further
configured to receive feedback from a health care pro-
fessional regarding the data associated with the second
analysis and to automatically determine the configuration
settings based on the health care professional’s feed-
back. The monitoring apparatus can be further config-
ured to transmit a request to the monitoring apparatus
for additional analysis to be performed by monitoring ap-
paratus. The central processing device can be further
configured to transmit data requests to the monitoring
apparatus; and where the monitoring apparatus can be
further configured to perform the step of transmitting data
based on the data request to the central processing de-
vice. The data associated with the first analysis can in-
clude analysis results.

[0009] The physiological signal includes ECG data;
wherein the first analysis includes determining multiple
QRS complexes in the ECG data; wherein the data as-
sociated with the first analysis includes fiducial points for
the multiple QRS complexes; and wherein the second
analysis includes determining heart rate variability. The
system can include a second monitoring apparatus local
to a second living and remote from the central processing
device being configured to perform the steps including
obtaining second physiological signal data for the second
living being, performing a first analysis of the second
physiological signal data, and transmitting data associ-
ated with the first analysis of the second physiological
signal data to the central processing device; and wherein
the central processing device can be configured to re-
ceive the transmitted data associated with the first anal-
ysis of the second physiological signal data via a com-
munications channel and to perform a second analysis
ofthe data associated with the first analysis of the second
physiological signal data. The system can include a sec-
ond monitoring apparatus local to a second living being
and remote from the central processing device config-
ured to perform the steps including obtaining second
physiological signal data for the second living being,
transmitting the second physiological signal data to the
central processing device as the second physiological
data can be obtained; and wherein the central processing
device can be configured to analyze the second physio-
logical signal data as the second physiological signal da-
ta can be received by the central processing device.
[0010] The system may include multiple processing
apparatuses. Each of the multiple processing apparatus-
es may have a computer-readable storage device having
a computer program product encoded therein, the com-
puter program product operable to cause each of the
respective multiple processing apparatuses to perform
operations including obtaining a physiological signal data
for a living being local to each of the respective process-
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ing apparatuses, performing a first analysis of the phys-
iological signal data, and transmitting data associated
with the first analysis to a computer remote from the mul-
tiple patients. The system may further include a remote
computer-readable storage device remote from the mul-
tiple patients having a computer program product encod-
ed therein, the computer program product operable to
cause the remote computer to perform operations includ-
ing performing at the remote central processing system
a second analysis of the data associated with each of
thefirstanalyses, and displaying the data associated with
the each of the second analyses on one or more moni-
toring stations.

[0011] Implementations can include any, all, or none
of the following features. The physiological signal data
can include cardiac signal data; wherein performing a
first analysis of the physiological signal data can include
determining arrhythmia events in the cardiac signal data;
and wherein the data associated with the first analysis
can include the physiological signal data associated with
arrhythmia events. The computer program product of the
remote computer-readable storage device can be further
operable to cause the remote computer to perform op-
erations including transmitting configuration settings to
each of the multiple processing apparatuses based on
each of the respective second analyses of the data as-
sociated with each of the first analyses; and wherein the
computer program product of each of the multiple
processing apparatuses can be further operable to cause
each of the respective processing apparatuses to per-
form the operations including adjusting each processing
apparatus based on the configuration settings. The re-
mote computer-readable storage device can be further
operable to cause the remote computer to perform op-
erations that can include automatically determining con-
figuration settings based on feedback received from one
or more health care professionals. The remote computer-
readable storage device can be further operable to cause
the remote computer to perform operations including
comparatively analyzing the data associated with the
each of the second analyses; determining configuration
settings for one or more of the multiple processing ap-
paratuses based on the comparative analysis; and trans-
mitting the configuration settings to the one or more of
the multiple processing apparatuses.

[0012] The details of one or more implementations are
set forth in the accompanying drawings and the descrip-
tion below. Other features, aspects, and advantages will
be apparent from the description and drawings, and from
the claims.

DESCRIPTION OF DRAWINGS
[0013]
FIG. 1 shows an example system for monitoring one

or more patients with interactive ambulatory and cen-
tral processing capabilities.
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FIG. 2 shows an example of data that can be trans-
mitted between an ambulatory subsystem and a cen-
tral processing subsystem.

FIG. 3 shows an example process for interactive
communication between an ambulatory subsystem
and a central processing subsystem.

FIG. 4 shows an example process for interactive
analysis of ECG data.

[0014] Like reference symbols in the various drawings
indicate like elements.

DETAILED DESCRIPTION

[0015] FIG. 1 shows an example system 111 for mon-
itoring one or more patients with interactive ambulatory
and central processing capabilities. The system 111 can
monitor data related to various physiological signals such
as cardiac signals. The system 111 can monitor, for ex-
ample, a cardiac signal for occurrence of events such as
arrhythmia events including atrial fibrillation (AF) events.
The system 111 includes an ambulatory subsystem 112
and a central processing subsystem 113 that can com-
municate with each other via a network 103.

[0016] Theambulatory subsystem 112 caninclude one
or more monitoring apparatuses that are remote from the
central processing subsystem 113 for monitoring physi-
ological data from one or more patients. Example mon-
itoring apparatuses are shown at 107, 108, and 109, each
including a processing device or processing apparatus
that can analyze a physiological signal. A monitoring ap-
paratus caninclude, for example, an implantable medical
device (IMD), (e.g. an implantable cardiac defibrillator
and an associated transceiver or a pacemaker and an
associated transceiver), or a monitoring device that a pa-
tient wears.

[0017] Anexample monitoring apparatus 107 includes
both a processing device and a sensor or sensors inte-
grated into a single device 106 that a patient wears. The
monitoring apparatus 107 analyzes data from the sensor
or sensors. Sensor data can include raw physiological
signal data, such as Electrocardiogram (ECG) data or
heart beat data. The monitoring apparatus 107 can also
transmit data to the central processing subsystem over
network 103 using a communications link 105 which can
be a wired or wireless communications link.

[0018] Another example monitoring apparatus 108 in-
cludes a processing device 140 and a sensor 110 at-
tached to a patient. The sensor 110 obtains physiological
signal data from the patient and transmits that data over
a wireless communications link 130 to the processing
device 140. Monitoring apparatus 108 can also include
a sensor 120 that obtains data related to a physiological
signal from the patient across a lead 115 and transmits
that data to the processing device 140 over a wireless
communications link 132. The lead 115 connects to a
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physiological data sensing device 112, such as an elec-
trode, attached to the patient’s body. The handheld de-
vice 140 analyzes the data received from the sensor or
sensors 110 and 120. The processing device 140 can
transmit data using the communications link 146 over the
network 103 to the central processing subsystem. The
communications link 146 can be a wired or wireless com-
munications link. In some examples, the data analysis
capability can be performed by sensors 110 and 120, or
by the hand-held device, or by a combination of the sen-
sors 110, 120 and the hand-held device 140.

[0019] Another example monitoring apparatus 109 in-
cludes a processing device 145, a sensor 125 and a lead
wire 117. The lead 117 connects to physiological data
sensing device 116, such as an electrode, attached to
the patient’s body. The sensor 125 can have analysis
process capability. The sensor 125 obtains data associ-
ated with a physiological signal across the lead wire 117
and transmits that data via a wired link 135 to the hand-
held device 145. The handheld device 145 can analyze
the data received from the sensor 125 and can transmit
data to the central processing subsystem 113 over net-
work 103 using communications link 152, which can be
wired or wireless.

[0020] Monitoring apparatus, such as those shown at
107, 108, and 109, can analyze the data associated with
a physiological signal, such as ECG signal, pulse oxime-
try Spo2 signal, respiratory signal, etc. The analysis can
be performed real-time as the data is received. The mon-
itoring apparatus can transmit data associated with the
analysis, such as the results of the analysis and/or the
sensor data associated with the analysis through a com-
munication network 103 to the central processing sub-
system 113. The communications network 103 can be a
local area network (LAN), a landline telephone network,
a wireless network, wide-area network, a cellular net-
work, a satellite communication network, other suitable
networks to facilitate two-way communication with the
central processing subsystem, or any combination of
such. Examples of such networks are internet, WIFI, cel-
lular phone, WiIMAX, or a direct wire connection such as
cable or a dial up modem connecting to a network through
a regular phone line. Monitoring apparatuses 107, 108
and 109 can also communicate with the central process-
ing subsystem using separate communications net-
works.

[0021] Real-time analysis performed in the ambulatory
subsystem 112 can include, for example, identification
of various physiological events such as arrhythmia
events for reporting to the central processing subsystem.
The real-time analysis can also include identification of
various parts of a physiological signal (such as onsets,
offsets, intervals, variations in intervals, normal morphol-
ogy, abnormal morphology, etc), which may be needed
for determining and analyzing physiological events. A
monitoring apparatus, e.g. 107, 108, and/or 109, can
send analysis results to the central processing subsys-
tem 113. The monitoring apparatus can send all of the
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received sensor data via network 103 to the central
processing subsystem 113. In some examples, sending
all of the sensor data via network 103 may not be the
most efficient use of data bandwidth, processing power,
and battery resources. The monitoring apparatus can
send selections of the sensor data. In some examples,
the monitoring apparatus can send selected sensor data
based on the analysis performed by the monitoring ap-
paratus, such as sensor data corresponding to reported
physiological events, such as atrial fibrillation or other
cardiac events.

[0022] The central processing subsystem 113 includes
one or more communications devices, such as a com-
munications device 160, for receiving data from the am-
bulatory subsystem 112 via network 103 and for trans-
mitting data from the central processing subsystem 113
to the ambulatory subsystem 112. The central processing
subsystem 113 includes a central processing device 170
and one or more monitoring (or display) stations, such
as monitoring stations 180 and 185. The communications
device 160 transmits data received from the ambulatory
subsystem 112 to the central processing device 170. The
central processing device 170 can include one or more
computers and/or processing devices for processing and
analyzing data received from the ambulatory subsystem.
The central processing device 170 can also include one
or more storage devices, such as a mass storage device
or a non-volatile memory device for storing data received
from the ambulatory subsystem 112. The central
processing device 170 can also analyze data received
from the ambulatory subsystem automatically or upon
request and can display the results of the analysis on
one or more monitoring stations, e.g. 180 and 185 via
communication links 175 and 177, which can be wired
or wireless. A monitoring apparatus from the ambulatory
subsystem can send raw physiological signal data across
network 103 to the central processing subsystem 113
where the raw physiological signal data is analyzed real-
time by the central processing system 113. In other ex-
amples, a monitoring apparatus in the ambulatory sub-
system can analyze raw physiological dataand send data
associated with the analysis results to the central
processing subsystem 113 where additional analysis is
performed on the data associated with the analysis re-
sults.

[0023] One or more health care professionals, e.g. at
190 or 195, such as a cardiovascular technician (CVT),
can use a monitoring station, e.g. 180 or 185, to evaluate
the analysis results received from the ambulatory and/or
data associated with an analysis provided by the central
processing device 170. For example, the health care pro-
fessional 190 can use monitoring station 180 to review
analysis results generated by the central processing de-
vice 170 of data associated with a physiological signal in
a patient in the ambulatory subsystem 112. At the same
time, the health care professional 195 can use monitoring
station 185 to review analysis results generated by the
central processing device 170 of data associated with a
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physiological signal in another patient in the ambulatory
subsystem. In some examples, the health care profes-
sional 190 and/or 195 can have the central processing
device 170 perform additional analyses on the data re-
ceived from the ambulatory subsystem. The health care
professional 190 and/or 195 can also request additional
information, such as sensor data from the central
processing device 170. If the central processing device
170 does not have the requested data, it can request the
data from the monitoring apparatus in the ambulatory
subsystem that provided the data. In some implementa-
tions, the health care professional can provide feedback
to the central processing device 170, such as accept,
reject, and/or modify previously identified physiological
events such as arrhythmia events. The health care pro-
fessional can also identify and report additional physio-
logical events.

[0024] The central processing device 170 also can pro-
vide analysis results to a health care professional 198,
such as a doctor, via network 104 or other such network.
Network 104 can be wired or wireless. The health care
professional 110 can obtain the report using a computer
188 connected to a network 104. In some implementa-
tions, the network 103 and the network 104 can be the
same network. They can also be different networks. The
central processing subsystem 113, can include, for ex-
ample, any processing device that can access the net-
work 103 such as the internet, a cell phone network, or
the like. In other examples, the health care professional
110 can receive the report using a facsimile. Based on
the doctor’s review, the doctor can request additional
analysis and/or data from the central processing device
170 via network 104. The health care professional 198
can also provide feedback to the central processing de-
vice 170.

[0025] In some implementations, the central process-
ing subsystem 113 can provide configuration settings to
the various monitoring apparatuses in the ambulatory
subsystem. For example, configuration settings can be
transmitted to the various monitoring apparatuses based
on a health care professional’'s feedback. Accordingly,
the configuration settings can be tailored to the specific
needs and/or prescription of the patient being monitored.
For example, a health care professional such as a doctor
and/or a clinician can provide changes to the configura-
tion settings for a monitoring apparatus for a particular
patientbased on the analysis results provided by the cen-
tral processing device 170. The analysis results can be
the results from the ambulatory subsystem or the results
from the analysis performed by the central processing
device 170. The health care professional can provide the
changes to the central processing device 170, and the
communications device 160 transmits those configura-
tion settings to the particular patient’s monitoring appa-
ratus via network 103. Changes to the configuration set-
tings can include, for example, monitoring settings, anal-
ysis settings, the data that the monitoring apparatus
transmits to the central processing subsystem, alarm set-
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tings (e.g. when to transmit an alarm), threshold settings
(e.g. thresholds for determining arrhythmias), results
grouping (e.g. how various arrhythmias are grouped),
etc.

[0026] The central processing device 170 can also an-
alyze the data received from the ambulatory subsystem
for clinically significant events. For example, if the central
processing device 170 receives raw sensor data from a
monitoring device in the ambulatory subsystem, the cen-
tral processing device 170 can analyze for physiological
events such as arrhythmia events. In some examples,
the central processing device 170 can receive sensor
data associated with physiological events identified by
the ambulatory subsystem. The central processing de-
vice 170 can have verification or validation capability to
ensure the results generated by the ambulatory subsys-
tem and by the central processing device 170 itself are
correct. The central processing device 170 can perform
cross checking between results provided by the ambu-
latory subsystem 112 and the central processing subsys-
tem 113.. In some examples, the central processing sub-
system 113 may have more up-to-date analysis algo-
rithms or more processing power to provide more mon-
itoring and diagnostic capabilities which can provide
more accurate results.

[0027] Having analysis capabilities in the central
processing subsystem 113 can provide a health care pro-
fessional (e.g. 190, 195, and 198) various advantages.
For example, more monitoring and diagnostic capabili-
ties can relatively easily be added to the central process-
ing device 170, such as when new monitoring and diag-
nostic procedures are introduced. The central processing
device 170 can provide health care professionals with
various algorithms to choose from for analyzing the data
received from the ambulatory subsystem. For example,
if a health care professional determines that particular
data needstobereanalyzed, the health care professional
can select an appropriate algorithm and have the server
reanalyze the data. For example, reanalyzing may be
needed if a health care professional does not agree with
the analysis results generated by an ambulatory subsys-
tem or a health care professional wants to perform addi-
tional diagnoses.

[0028] The central processing device 170 can learn
from the decisions made by a health care professional
and adjust the analysis performed by the ambulatory sub-
system, the real-time analysis subsystem, or both in or-
der help the health care professional review the monitor-
ing and diagnostic information. When a health care pro-
fessional confirms, accepts, rejects or modifies analysis
results performed by the central processing device 170,
the central processing device 170 can record the confir-
mation, acceptance, rejection or modification. When the
central processing device 170 analyzes similar data
again, it can analyze that data according to the health
care professional’s confirmation, acceptance, rejection
or modification. If the original analysis was performed by
amonitoring apparatus in the ambulatory subsystem, the
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central processing device 170 can transmit new config-
uration settings to the monitoring apparatus that originally
performed the analysis. The configuration settings of the
monitoring apparatus are altered according to the health
care professional’s confirmation, acceptance, rejection
or modification. For example, when a health care profes-
sional rejects a tachycardia reported by a monitoring ap-
paratus in the ambulatory subsystem 112, the central
processing device 170 can learn from the rejection and
send new configuration settings to the monitoring appa-
ratus to change the detection threshold settings of the
monitoring apparatus to avoid identifying a tachycardia
when the similar heart rate data is detected again.
[0029] The real-time analysis ambulatory subsystem
112 can provide real-time monitoring for one or more
patients at the same time and can report the data asso-
ciated with the monitoring to the central processing sub-
system 113. The central processing device 170 can be
configured to store and analyze the results received from
the multiple monitoring apparatuses. The central
processing device 170 can report its analysis of the data
received from the ambulatory subsystem 112 for multiple
patients to various health care professionals assigned to
monitor each respective patient. The central processing
device 170 can also perform comparative studies among
certain patient populations and certain medical condi-
tions. The central processing device 170 can also per-
form comparative studies of monitoring and diagnostic
results for a single patient across two different periods
of monitoring. The central processing subsystem can
perform a clinical review on the analysis results gener-
ated by the ambulatory subsystem, by the central
processing device 170, or both. The clinical review can
be initiated by a clinical care professional 190, 195, 198
or be performed automatically by the central processing
device 170.

[0030] The monitoring and diagnostic responsibilities
for each patient being monitored in the ambulatory sub-
system 112 can be distributed between the monitoring
apparatus for each patient and the central processing
subsystem 113. In some examples, a monitoring appa-
ratus, e.g. 107, can be configured to send all raw data to
the central processing device 170 for analysis, while an-
other monitoring apparatus, e.g. 108, can be configured
to perform analysis of a physiological signal at the mon-
itoring apparatus and send the analysis results to the
central processing subsystem 113 where the central
processing device 170 can confirm the results. In like
manner, a third monitoring apparatus, e.g. 109, can be
configured to perform an initial analysis of raw data as-
sociated with a physiological signal (e.g. identification of
heart beats) and send only a portion of the analysis re-
sults or raw data to the central processing device for fur-
ther analysis (e.g. identification of heart rate variability).
[0031] According to the invention, the monitoring and
diagnosis functions can be redistributed between a mon-
itoring apparatus and the central processing subsystem
113. Multiple monitoring apparatuses in the ambulatory
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subsystem can each have a different distribution of mon-
itoring and analysis responsibilities and the distribution
for each monitoring apparatus can be changed while the
patient is still attached to an ambulatory monitor. For ex-
ample, a health care professional can request thata type
or amount of analysis performed by a monitoring appa-
ratus be changed. In one such example, a health care
professional may determine that the real-time analysis
of raw physiological signal data should be changed from
a particular monitoring apparatus to the central process-
ing device 170. The central processing device 170 sends
new configuration settings to the monitoring apparatus
to make the changes requested by the health care pro-
fessional.

[0032] FIG. 2 shows an example of the data that can
be transmitted between an ambulatory subsystem 200
and a central processing subsystem 240. The ambulatory
subsystem 200 and the central processing subsystem
240 can work interactively. And, the monitoring and di-
agnostic capabilities can be distributed between the am-
bulatory subsystem 200 and the central processing sub-
system 240.

[0033] The ambulatory subsystem 200 can send raw
physiological data, analysis results, alarms, patient
symptoms and/or device status or conditions (e.g. tem-
perature in the device, resource usage and availability,
battery status, signal strength, etc.) to the central
processing subsystem over the network 210. The central
processing subsystem 240 can perform central process-
ing on that data and directly receive a health care pro-
fessionals feedback. The central processing subsystem
240 can transmit via network 210 a health care profes-
sional’s feedback and/or configuration settings to the am-
bulatory subsystem 200 to adjust the monitoring and di-
agnostic settings of a monitoring apparatus in the ambu-
latory subsystem 200. The central processing subsystem
240 canalso send arequestto the ambulatory subsystem
200 to get specific data.

[0034] FIG. 3 shows an example process 300 for in-
teractive communication between an ambulatory sub-
system and a central processing subsystem. At 302, a
monitoring apparatus obtains data associated with a
physiological signal, such as sensor data. At 303, the
monitoring apparatus analyzes the data associated with
the physiological signal. At 305, the monitoring apparatus
builds a communication package. The communication
package can include data associated with the real-time
analysis, such as analysis results, raw sensor data, in-
formation about the monitor, etc. The communication
package can also include other data such as patientfeed-
back data (e.g. patient input symptoms), patient identifier
data, etc. At 310, the ambulatory subsystem sends the
communication package to the central processing sub-
system. In some examples, if there is a time delay before
the ambulatory subsystem receives a return package at
320 from the central processing subsystem, the monitor-
ing apparatus that sent the information can continue to
obtain and analyze real-time data, such as a sensor data,
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and to build communication packages to be sent to the
central processing subsystem.

[0035] At 355, the central processing subsystem waits
to receive the communication package. Once a commu-
nication package is received from the ambulatory sub-
system, the central processing subsystem performs
analysis of the data received at 360. At 365, the central
processing subsystem displays the results of the analysis
performed at 360. The central processing subsystem can
also display the data received from the real-time subsys-
tem. The display can include a computer screen, a fac-
simile, or a print-out or the like. At 370, a health care
professional such as a clinician evaluates the analysis
results and the received data provided by the central
processing system 113 The health care professional can
provide feedback such as accept, modify, or reject real-
time or central processing results. Feedback can also
include changes to configuration settings. In some ex-
amples, the central processing system 113 can provide
changes based on the analysis performed at 360. At 375,
the process determines whether any changes were
made, for example, by the health care professional. If so,
the process 300 adds information regarding the changes
to the return package 380 and builds a return package
385. The return package can include, for example,
changes to the configuration settings (e.g. changes to
the real-time analysis algorithms, the type of data trans-
mitted to the central processing subsystem, etc.). If not,
the process proceeds to building a return package 385;
in the return package, the process indicates that no
changes were made. At 390, the system sends the return
package back to the monitoring apparatus that originally
sent the data at 310 in the ambulatory subsystem.
[0036] When the monitoring apparatus in the ambula-
tory subsystem receives the return package at 320, the
monitoring apparatus determines whether adjustments
need to be made based on the return package. If not,
then the process 300 returns to the beginning of the proc-
ess 300. If so, then the monitoring apparatus makes the
adjustments accordingly at 340 and proceeds to the be-
ginning of the process 300. The process 300 can be re-
peated with the adjustments made at 340.

[0037] FIG.4showsanexample processforinteractive
analysis of ECG data. At 405, the monitoring apparatus
obtains raw ECG data from a sensor or sensors. At 410,
the monitoring apparatus analyzes the raw ECG sensor
data to detect a QRS complex. QRS data can be used
to determine arrhythmia events, such as ventricular tach-
ycardia. QRS data can also be used in further analysis,
such as in performing a heart rate variability analysis.
The QRS complex represents ventricular contraction of
a heart. The monitoring apparatus can identify various
fiducial points in the QRS complex such as onset of the
ventricular contraction, the peak of the ventricular con-
traction, and the termination of the ventricular contrac-
tion. Heart rate variability refers to the beat-to-beat alter-
ations in heart rate and can be calculated once multiple
subsequent QRS complexes are identified. ECG data
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from a single heart beat can be represented by multiple
data points. For example, at a heart rate of 60 Beats Per
Minutes (BPM), there is one QRS in every second. At an
example sample rate of 250 ECG samples per second,
the monitoring apparatus processes 250 samples for one
heart beat. At 420, the monitoring apparatus prepares a
communication package including the QRS data. The
communication package can include other data as well.
In some examples, the monitoring apparatus can be con-
figured to include in the communications package only
certain portions of the data associated with the analysis
results of the QRS complex. For example, the commu-
nications package can include the detected fiducial
points for each heart beat instead of all 250 raw ECG
data points. At 430, the monitoring apparatus can trans-
mit the communication package including the fiducial
points to the central processing subsystem. The moni-
toring apparatus can then return step 405 and begin the
process again.

[0038] At 455, the central processing subsystem re-
ceives the communications package from the ambulatory
subsystem. At 460, the central processing subsystem
determines whether more than two communications
packages including QRS data have been received. If not,
the central processing subsystem returns to step 455 to
receive another communication package from the am-
bulatory subsystem. If more than two communications
packages including QRS data have been received, the
central processing subsystem determines the heart rate
variability at 465. Various algorithms can be used to an-
alyze heart rate variability, such as comparing the RR
intervals, etc. At 470, the analysis results can be dis-
played. In some examples, a return package that in-
cludes changes based on the analysis performed by the
ambulatory subsystem, can be sent back to the ambula-
tory subsystem, as described in connection with FIG. 3.
Also, in some examples, the process can be repeated
such that the ambulatory subsystem provides updated
QRS data to the central processing subsystem, and the
central processing subsystem calculates and updates
the heartrate variability data as the QRS datais received.
[0039] Some or all of the QRS data and the raw ECG
data can be stored in the monitoring apparatus. If the
central processing subsystem determines it needs more
information regarding a particular QRS complex, a re-
quest for more data can be sent to the monitoring appa-
ratus. In some examples, the monitoring apparatus can
temporarily store the analysis data and raw sensor data,
till a return package is received confirming that no addi-
tional data has been requested by the central processing
subsystem. If a confirmation is received, the stored data
can be deleted to free-up storage space in the monitoring
apparatus. In another example, circular data buffer can
be used to always save the new data.

[0040] Performing QRS detection in the real-time sub-
system can avoid transmitting large quantity of raw ECG
data to the central processing subsystem. This can pre-
serve bandwidth for transmitting other information, such
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as the heart rate, annotations, detected arrhythmias.
Having cardiac arrhythmia analysis performed at the cen-
tral processing subsystem provides flexibility for health
care professionals to request various analyses for vari-
ous patients. For example, cardiac arrhythmia analysis
can include many different statistical measurements, fre-
quency domain measurements, and graphics presenta-
tions. Moreover, different doctors may require different
sets of measurements.

[0041] If a new analysis algorithm, such as a new
measurement, is introduced, the new analysis algorithm
can be installed in the central processing subsystem,
such as in the central processing device 170, and can
be used to analyze data received from multiple monitor-
ing apparatuses in the ambulatory subsystem. This pro-
vides a mechanism for updating a single central process-
ing device rather than updating multiple remote ambula-
tory monitoring apparatuses in the field.

[0042] In other implementations, the central process-
ing subsystem can perform high level analysis of the re-
sults generated by the ambulatory subsystem and re-
ceived by the service/data center. For example, the cen-
tral processing subsystem can receive QRS data from
the ambulatory subsystem and can use R-R intervals to
perform a heart rate variability analysis. Based on the
results of this analysis, the central processing subsystem
can provide diagnosis for respiratory conditions, such as
sleep apnea or sleep disorders.

[0043] The disclosed systems, techniques, and all of
the functional operations described and illustrated in this
specification can be implemented in digital electronic cir-
cuitry, or in computer hardware, firmware, software, or
in combinations ofthe forgoing. For example, one or more
computers and/or circuitry can be operable to or config-
ured and arranged to perform the functions and tech-
niques disclosed herein. Apparatuses and/or systems
can be implemented using a software product (e.g., a
computer program product) tangibly embodied in a ma-
chine-readable storage device for execution by a pro-
grammable processor, and processing operations can
be performed by a programmable processor executing
a program of instructions to perform functions by oper-
ating on input data and generating output. Further, the
system can be implemented advantageously in one or
more software programs that are executable on a pro-
grammable system. This programmable system can in-
clude the following: 1) at least one programmable proc-
essor coupled to receive data and instructions from, and
to transmit data and instructions to, a data storage sys-
tem; 2) at least one input device; and 3) at least one
output device. Moreover, each software program can be
implemented in a high-level structured or object-oriented
programming language, or in assembly or machine lan-
guage if desired; and in any case, the language can be
a compiled or an interpreted language.

[0044] Also, suitable processors include, by way of ex-
ample, both general and special purpose microproces-
sors. Generally, a processor will receive instructions and
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data from a read-only memory, a random access mem-
ory, and/or a machine-readable signal (e.g., a digital sig-
nal received through a network connection). The essen-
tial elements of a computer are a processor for perform-
ing instructions and one or more memory devices for stor-
ing instructions and data. Generally, a computer will in-
clude one or more mass storage devices for storing data
files. Such devices can include magnetic disks, such as
internal hard disks and removable disks, magneto-optical
disks, optical disks, and flash memories. Storage devices
suitable for tangibly embodying software program in-
structions and data include all forms of non-volatile mem-
ory, including, by way of example, the following: 1) sem-
iconductor memory devices, such as EPROM (electrical-
ly programmable read-only memory); EEPROM (electri-
cally erasable programmable read-only memory) and
flash memory devices; 2) magnetic disks such as internal
hard disks and removable disks; 3) magneto-optical
disks; and 4) CD-ROM disks. Any of the foregoing can
be supplemented by, or incorporated in, ASICs (applica-
tion-specific integrated circuits).

[0045] The disclosed systems and techniques, de-
scribed and illustrated in this specification can be imple-
mented using one or more communications networks
such as a wired or wireless network. Examples of com-
munication networks include, e.g., a local area network
("LAN"), a wide area network ("WAN"), the Internet or
any combinations of such. The communications network
can also include a landline telephone network, a wireless
network, a cellular network, a satellite communication
network, or other suitable network to facilitate two-way
communication. The communication network may also
include WIFI or WiMAX.

[0046] To provide for interaction with a user (such as
the health care professional), the system can be imple-
mented on a computer system having a display device
such as a monitor or LCD (liquid crystal display) screen
for displaying information to the user and a keyboard and
a pointing device such as amouse or a trackball by which
the user can provide input to the computer system. The
computer system can be programmed to provide a graph-
ical user interface through which computer programs in-
teract with users.

[0047] A numberof embodiments of the invention have
been described. Nevertheless, it will be understood that
various modifications may be made without departing
from the spirit and scope of the invention. For example,
the disclosed operations can be performed in a different
order and still achieve desirable results. Accordingly, oth-
er embodiments are within the scope of the following
claims.

Claims
1. A system (111) comprising:

a monitoring apparatus (107; 108; 109) in an
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ambulatory subsystem local to a living being and
a central processing device (170), the ambula-
tory subsystem being remote from the central
processing device (170), the monitoring appa-
ratus in the ambulatory subsystem having areal-
time analysis responsibility to monitor ECG da-
ta; the ambulatory subsystem configured to per-
form operations including:

obtaining ECG signal data for the living be-
ing,

performing a first analysis on the ECG sig-
nal data, and

transmitting data associated with the first
analysis;

the central processing device configured to re-
ceive the transmitted data associated with the
first analysis and to perform a second analysis
of the data associated with the first analysis,

a display (180; 185) for displaying data associ-
ated with the second analysis, characterized in
that wherein the central processing device is
further configured to have the ambulatory sub-
system perform as the first analysis a determi-
nation of fiducial points for multiple QRS com-
plexes and having the central processing device
perform the second analysis using the fiducial
points to determine heart rate variability, and to
change configuration settings in the monitoring
apparatus for changing the type or amount of
said first analysis performed by the monitoring
apparatus.

The system of claim 1, wherein the central process-
ing device is further configured to receive feedback
from a health care professional regarding the data
associated with the second analysis and to automat-
ically determine the configuration settings based on
the health care professional’s feedback.

The system of claim 1, wherein either:

(a) the central processing device is further con-
figured to transmit a request to the monitoring
apparatus for additional analysis to be per-
formed by the monitoring apparatus of data
stored at the monitoring apparatus; or

(b) wherein the central processing device is fur-
ther configured to transmit data requests to the
monitoring apparatus; and

the monitoring apparatus is further configured to per-
form the step of transmitting data based on the data
request to the central processing device.

The system of claim 1, wherein the data associated
with the first analysis comprises analysis results.
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The system of claim 1 further comprising:

asecond monitoring apparatus local to a second
living being and remote from the central
processing device, the second monitoring ap-
paratus configured to perform operations com-
prising:

obtaining second physiological signal data
forthe second living being, performing afirst
analysis of the second physiological signal
data, and transmitting data associated with
the firstanalysis of the second physiological
signal data to the central processing device;
and

wherein either:

(a) the central processing device is con-
figured to receive the transmitted data
associated with the first analysis of the
second physiological signal data via a
communications channel and to per-
form a second analysis of the data as-
sociated with the first analysis of the
second physiological signal data;

or

(b) the central processing device is con-
figured to analyze the second physio-
logical signal data as the second phys-
iological signal data is received by the
central processing device.

6. The system of any one of claims 1 to 5, comprising:

multiple of the monitoring apparatus each hav-
ing processing apparatus, each of the multiple
processing apparatuses having a computer-
readable storage device having a computer pro-
gram product encoded therein, the computer
program product operable to cause each of the
respective multiple processing apparatuses to
perform the operations; and

a remote computer-readable storage device re-
mote from the multiple patients having a com-
puter program product encoded therein, the
computer program product operable to cause
the remote computer to perform at the remote
central processing system the second analysis
of the data associated with each of the first anal-
yses and to display the data associated with
each of the second analyses on one or more
monitoring stations.

7. A machine-implemented method comprising:

obtaining ECG signal data for a living being,
performing afirstanalysis ofthe ECG signal data
at a first processing device (107; 108; 109) in an
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ambulatory subsystem local to the living being,
remote from a central processing device (170),
and having real-time analysis responsibility;
transmitting from the first processing device da-
ta associated with the first analysis to the central
processing device;

performing at the central processing device a
second analysis of the data associated with the
first analysis; and

displaying data associated with the second anal-
ysis;

characterized by having the first processing
device in the ambulatory subsystem perform as
the first analysis a determination of fiducial
points for multiple QRS complexes, having the
central processing device perform the second
analysis by using the fiducial points to determine
heart rate variability, and having the central
processing device change configuration set-
tings in the first processing device for changing
the amountor type ofthe first analysis performed
by the first processing device.

8. The machine-implemented method of claim 7, fur-
ther comprising:

receiving feedback data at the central process-
ing device from a health care professional re-
garding the data associated with the first or sec-
ond analysis; and automatically adjusting con-
figuration settings at either the central process-
ing device or at the first processing device based
on the health care professional’s feedback.

9. The machine-implemented method of claim 7, fur-
ther comprising:

transmitting the configuration settings from the
central processing device to the first processing
device based on the second analysis; and
adjusting the first processing device based on
the configuration settings.

10. The machine-implemented method of claim 7, fur-
ther comprising:

transmitting a datarequestto thefirst processing
device;

transmitting requested data from the first
processing device to the remote central
processing device based on the data request;
and

analyzing the requested data at the remote cen-
tral processing device.

11. The machine-implemented method of claim 7, fur-
ther comprising:
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transmitting a request to the first processing de-
vice for additional analysis to be performed by
the first processing device;

performing the additional analysis at the first
processing device; and

transmitting data associated with the additional
analysis to the central processing device.

The machine-implemented method of claim 7, fur-
ther comprising:

obtaining second physiological signal data for a
second living being;

performing a first analysis of the second physi-
ological signal data at a second processing de-
vice local to the second living being and remote
from the central processing device;
transmitting from the second processing device
data associated with the first analysis of the sec-
ond physiological signal data to the central
processing device;

performing at the central processing device a
second analysis of the data transmitted from the
second processing device; and

either:

(a) displaying the data associated with the
second analysis; or

(b) comparatively analyzing the data asso-
ciated with the second analysis of the data
transmitted from the second processing de-
vice and the data associated with the sec-
ond analysis of the data transmitted from
the first processing device; and transmitting
configuration settings to the first or the sec-
ond processing device based on the com-
parative analysis.

The machine-implemented method of claim 7, fur-
ther comprising comparatively analyzing the data as-
sociated with the second analysis with data associ-
ated with an analysis of a physiological signal for the
living being from a different time period.

The machine-implemented method of claim 7, fur-
ther comprising:

obtaining second physiological signal data for a
second living being;

transmitting the second physiological signal da-
ta from a second processing device local to the
second living being and remote from the central
processing device to the central processing de-
vice as the second physiological data is ob-
tained; and

performing at the central processing device an
analysis of the data transmitted from the second
processing device as the data is received at the
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central processing device.

Patentanspriiche

1.

2,

System (111) umfassend:

ein Uberwachungsgerét (107; 108; 109) in ei-
nem ambulanten Teilsystem, das sich bei einem
Lebewesen befindet, und eine zentrale Verar-
beitungsvorrichtung (170), wobei das ambulan-
te Teilsystem entfernt von der zentralen Verar-
beitungsvorrichtung (170) vorliegt, wobei das
Uberwachungsgerat in dem ambulanten Teil-
system eine Echtzeit-Analysekompetenz zur
Uberwachung von EKG-Daten aufweist, wobei
das ambulante Teilsystem zur Ausfiihrung von
Operationen konfiguriert ist, welche einschlie-
Ren:

den Erhalt von EKG-Signal-Daten fir das
Lebewesen,

das Durchfiihren einer ersten Analyse an
den EKG-Signal-Daten und

das Ubermitteln von zu der ersten Analyse
gehdrenden Daten;

wobei die zentrale Verarbeitungsvorrichtung so
konfiguriertist, dass sie die Ubermittelten, zu der
ersten Analyse gehérenden Daten empfangt
und eine zweite Analyse der zu der ersten Ana-
lyse gehdrenden Daten durchflhrt,

ein Display (180; 185) zur Darstellung der zu der
zweiten Analyse gehdérenden Daten,

dadurch gekennzeichnet, dass die zentrale
Verarbeitungsvorrichtung ferner so konfiguriert
ist, dass sie das ambulante Teilsystem dazu ver-
anlasst, als erste Analyse eine Bestimmung von
Bezugspunkten fiir mehrere QRS-Komplexe
durchzuftihren, und die zentrale Verarbeitungs-
vorrichtung dazu veranlasst, die zweite Analyse
unter Verwendung der Bezugspunkte durchzu-
fihren, um die Herzfrequenzvariabilitdt zu be-
stimmen, und die Konfigurationseinstellungen
in dem Uberwachungsgerét zu verandern, um
die Art oder den Umfang der von dem Uberwa-
chungsgerat durchgefiihrten ersten Analyse zu
verandern.

Das System gemafR Anspruch 1, wobei die zentrale
Verarbeitungsvorrichtung ferner so konfiguriert ist,
dass sie eine Riickmeldung von einem Angehdrigen
der Gesundheitsberufe bezliglich der zu der zweiten
Analyse gehdérenden Daten empfangt und auf
Grundlage der Rickmeldung des Angehérigen der
Gesundheitsberufe die Konfigurationseinstellungen
automatisch festlegt.
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3. Das System gemaR Anspruch 1, wobei entweder:

(a) die zentrale Verarbeitungsvorrichtung ferner
so konfiguriert ist, dass sie eine Anfrage an das
Uberwachungsgerét iibermittelt, zur Durchfiih-
rung einer zusatzlichen Analyse von in dem
Uberwachungsgerdt gespeicherten  Daten
durch das Uberwachungsgerét; oder

(b) wobei die zentrale Verarbeitungsvorrichtung
ferner so konfiguriert ist, dass sie Datenanfra-
gen andas Uberwachungsgerat iibermittelt; und

das Uberwachungsgerét ferner so konfiguriert ist,
dass es den Schritt der Dateniibermittlung an die
zentrale Verarbeitungsvorrichtung auf Grundlage
der Datenanfrage ausfuhrt.

4. Das System gemal Anspruch 1, wobei die zu der
ersten Analyse gehdrenden Daten Analyseergeb-
nisse umfassen.

5. Das System gemaR Anspruch 1, ferner umfassend:

ein zweites Uberwachungsgerat, das sich bei
einem zweiten Lebewesen und in Entfernung
von der zentralen Verarbeitungsvorrichtung be-
findet, wobei das zweite Uberwachungsgerét
zur Ausfuihrung von Operationen konfiguriert ist,
welche einschlieRen:

den Erhalt von zweiten Daten physiologi-
scher Signale fiir das zweite Lebewesen,
das Durchfiihren einer ersten Analyse der
zweiten Daten physiologischer Signale und
das Ubermitteln der zu der ersten Analyse
der zweiten Daten physiologischer Signale
gehérenden Daten zu der zentralen Verar-
beitungsvorrichtung; und

wobei entweder:

(a) die zentrale Verarbeitungsvorrich-
tung so konfiguriert ist, dass sie die
Ubermittelten, zu der ersten Analyse
der zweiten Daten physiologischer Si-
gnale gehdrenden Daten Uber einen
Kommunikationskanal empfangt und
eine zweite Analyse der zu der ersten
Analyse der zweiten Daten physiologi-
scher Signale gehérenden Daten
durchfihrt;

oder

(b) die zentrale Verarbeitungsvorrich-
tung so konfiguriert ist, dass sie die
zweiten Daten physiologischer Signale
analysiert, wenn die zweiten Daten
physiologischer Signale durch die zen-
trale Verarbeitungsvorrichtung emp-
fangen werden.
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6. Das System gemaR irgendeinem der Anspriiche 1
bis 5, umfassend:

mehrere Uberwachungsgerate, welche jeweils
ein Verarbeitungsgerat aufweisen, wobei jedes
dermehreren Verarbeitungsgerate eine compu-
terlesbare Speichervorrichtung aufweist, in der
ein Computerprogrammprodukt kodiert ist, wo-
bei das Computerprogrammprodukt jedes der
jeweiligen mehreren Verarbeitungsgerate zur
Ausfiihrung der Operationen veranlassen kann;
und

eine entfernt von den mehreren Patienten vor-
liegende computerlesbare Fernspeichervor-
richtung, in der ein Computerprogrammprodukt
kodiert ist, wobei das Computerprogrammpro-
dukt den entfernt liegenden Computer dazu ver-
anlassen kann, an dem entfernt liegenden zen-
tralen Verarbeitungssystem die zweite Analyse
der zu den jeweiligen ersten Analysen gehéren-
den Daten durchzufiihren und die zu den jewei-
ligen zweiten Analysen gehdrenden Daten auf
einer oder mehreren Uberwachungsstationen
darzustellen.

7. Maschinenimplementiertes Verfahren, umfassend:

das Gewinnen von EKG-Signal-Daten fir ein
Lebewesen,

das Durchfiihren einer ersten Analyse der EKG-
Signal-Daten an einer ersten Verarbeitungsvor-
richtung (107; 108; 109) in einem ambulanten
Teilsystem, das sich an dem Lebewesen, ent-
fernt von einer zentralen Verarbeitungsvorrich-
tung (170), befindet und Echtzeit-Analysekom-
petenz besitzt;

Ubermittlung der zu der ersten Analyse geho-
renden Daten von der ersten Verarbeitungsvor-
richtung zu der zentralen Verarbeitungsvorrich-
tung;

Durchflihren einer zweiten Analyse der zu der
ersten Analyse gehérenden Daten in der zen-
tralen Verarbeitungsvorrichtung; und
Darstellung der zu der zweiten Analyse geho-
renden Daten;

dadurch gekennzeichnet, dass die erste Ver-
arbeitungsvorrichtung in dem ambulanten Teil-
system dazu veranlasst wird, als erste Analyse
eine Bestimmung von Bezugspunkten fir meh-
rere QRS-Komplexe durchzufiihren, die zentra-
le Verarbeitungsvorrichtung dazu veranlasst
wird, die zweite Analyse unter Verwendung der
Bezugsunkte durchzufiihren, um die Herzfre-
quenzvariabilitat zu bestimmen, und die zentra-
le Verarbeitungsvorrichtung dazu veranlasst
wird, die Konfigurationseinstellungen in der ers-
ten Verarbeitungsvorrichtung zu verandern, um
den Umfang oder die Art der von der ersten Ver-
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arbeitungsvorrichtung durchgefiihrten ersten
Analyse zu verandern.

8. Das maschinenimplementierte Verfahren geman

den Erhalt von zweiten Daten physiologischer
Signale flr ein zweites Lebewesen;

das Durchflihren einer ersten Analyse der zwei-
ten Daten physiologischer Signale an einer

Anspruch 7, welches ferner umfasst: 5 zweiten Verarbeitungsvorrichtung, die sich bei
dem zweiten Lebewesen und entfernt von der
den Empfang von Riickmeldungsdaten an der zentralen Verarbeitungsvorrichtung befindet;
zentralen Verarbeitungsvorrichtung von einem die Ubermittlung von Daten, die zu der ersten
Angehdrigen der Gesundheitsberufe bezlglich Analyse der zweiten Daten physiologischer Si-
der zu der ersten oder zweiten Analyse geh6- 170 gnale gehdren, von der zweiten Verarbeitungs-
renden Daten; und vorrichtung an die zentrale Verarbeitungsvor-
die automatische Anpassung von Konfigurati- richtung;
onseinstellungen auf Grundlage der Rickmel- das Durchfiihren einer zweiten Analyse der von
dung des Angehdrigen der Gesundheitsberufe der zweiten Verarbeitungsvorrichtung tbermit-
entweder an der zentralen Verarbeitungsvor- 15 telten Daten in der zentralen Verarbeitungsvor-
richtung oder an der ersten richtung; und
Verarbeitungsvorrichtung . entweder:
9. Das maschinenimplementierte Verfahren geman (a) die Darstellung der zu der zweiten Ana-
Anspruch 7, welches ferner umfasst: 20 lyse gehdérenden Daten; oder
(b) die vergleichende Analyse der Daten,
die Ubermittlung der Konfigurationseinstellun- die zuder zweiten Analyse der von der zwei-
genvonder zentralen Verarbeitungsvorrichtung ten Verarbeitungsvorrichtung tibermittelten
an die erste Verarbeitungsvorrichtung auf Daten gehdéren, und der Daten, die zu der
Grundlage der zweiten Analyse; und 25 zweiten Analyse der von der ersten Verar-
das Anpassen der ersten Verarbeitungsvorrich- beitungsvorrichtung Ubermittelten Daten
tung auf Grundlage der Konfigurationseinstel- gehéren; und die Ubermittlung von Konfi-
lungen. gurationseinstellungen an die erste oder die
zweite Verarbeitungsvorrichtung basierend
10. Das maschinenimplementierte Verfahren gemaly 30 auf der vergleichenden Analyse.
Anspruch 7, welches ferner umfasst:

13. Das maschinenimplementierte Verfahren gemaf
die Ubermittlung einer Datenanfrage an die ers- Anspruch 7, ferner umfassend das vergleichende
te Verarbeitungsvorrichtung; Analysieren der zu der zweiten Analyse gehérenden
die Ubermittlung der angefragten Daten vonder 35 Daten mit Daten, die zu einer Analyse eines physi-
ersten Verarbeitungsvorrichtung zu der entfernt ologischen Signals fur das Lebewesen aus einer an-
liegenden zentralen Verarbeitungsvorrichtung deren Zeitspanne gehdren.
auf Grundlage der Datenanfrage; und
das Analysieren der angefragten Daten an der 14. Das maschinenimplementierte Verfahren gemaf
entfernt liegenden zentralen Verarbeitungsvor- 40 Anspruch 7, welches ferner umfasst:
richtung.

das Gewinnen von zweiten Daten physiologi-
11. Das maschinenimplementierte Verfahren gemaf scher Signale fir ein zweites Lebewesen;
Anspruch 7, welches ferner umfasst: die Ubermittlung der zweiten Daten physiologi-
45 scher Signale von einer zweiten Verarbeitungs-
die Ubermittlung einer Anfrage an die erste Ver- vorrichtung, die sich bei dem zweiten Lebewe-
arbeitungsvorrichtung bezlglich der Durchfiih- sen und entfernt von der zentralen Verarbei-
rung einer zusatzlichen Analyse durch die erste tungsvorrichtung befindet, an die zentrale Ver-
Verarbeitungsvorrichtung; arbeitungsvorrichtung, wenn die zweiten physi-
die Durchfiihrung der zusétzlichen Analyse in 50 ologischen Daten erhalten wurden; und

der ersten Verarbeitungsvorrichtung; und das Durchfilhren einer Analyse der von der
die Ubermittlung der zu der zusétzlichen Analy- zweiten Verarbeitungsvorrichtung Gibermittelten
se gehdrenden Daten an die zentrale Verarbei- Daten in der zentralen Verarbeitungsvorrich-
tungsvorrichtung. tung, wenn die Daten an der zentralen Verar-

55 beitungsvorrichtung empfangen wurden.

12. Das maschinenimplementierte Verfahren gemaf
Anspruch 7, welches ferner umfasst:

13
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Revendications

1.

Systeme (111) comprenant :

un appareil de surveillance (107 ; 108 ; 109)
dans un sous-systéeme ambulatoire local a un
étre vivant et un dispositif central de traitement
(170), le sous-systéme ambulatoire étant a dis-
tance du dispositif central de traitement (170),
I'appareil de surveillance dans le sous-systéeme
ambulatoire présentant une responsabilité
d’analyse en temps réel de surveiller des don-
nées d'ECG ; le sous-systéme ambulatoire con-
figuré pour réaliser des opérations incluant :

une obtention de données de signal d’'ECG
pour I'étre vivant,

une réalisation d’une premiére analyse sur
les données de signal d’ECG, et

une transmission de données associées a
la premiére analyse ;

le dispositif central de traitement configuré pour
recevoir les données transmises associées a la
premiére analyse et pour réaliser une seconde
analyse des données associées a la premiere
analyse,

un affichage (180 ; 185) pour afficher des don-
nées associées a la seconde analyse, caracté-
risé en ce que dans lequel le dispositif central
de traitement est en outre configuré pour faire
réaliser au sous-systeme ambulatoire a titre de
premiére analyse une détermination de points
de repere pour de multiples complexes QRS et
faisantréaliser au dispositif central de traitement
la seconde analyse en utilisant les points de re-
pére pour déterminer une variabilité de rythme
cardiaque, et pour changer desréglages de con-
figuration dans I'appareil de surveillance pour
changer le type ou une quantité de ladite pre-
miére analyse réalisée par I'appareil de sur-
veillance.

Systeme selon la revendication 1, dans lequel le dis-
positif central de traitement est en outre configuré
pour recevoir un retour depuis un professionnel de
santé concernant les données associées ala secon-
de analyse et pour déterminer automatiquement les
réglages de configuration sur la base du retour d’un
professionnel de santé.

Systeme selon la revendication 1, dans lequel soit :

(a) le dispositif central de traitement est en outre
configuré pour transmettre une demande a I'ap-
pareil de surveillance pour une analyse supplé-
mentaire a réaliser par 'appareil de surveillance
de données stockées au niveau de I'appareil de
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surveillance ; soit

(b) dans lequel le dispositif central de traitement
est en outre configuré pour transmettre des de-
mandes de données vers [lappareil de
surveillance ; et

I'appareil de surveillance est en outre configuré pour
réaliser I'étape de transmission de données sur la
base de la demande de données vers le dispositif
central de traitement.

Systéme selon la revendication 1, dans lequel les
données associées a la premiére analyse compren-
nent des résultats d’analyse.

Systéme selon la revendication 1 comprenant en
outre :

un second appareil de surveillance local a un
second étre vivant et a distance du dispositif
central de traitement, le second appareil de sur-
veillance configuré pour réaliser des opérations
comprenant :

une obtention de secondes données de si-
gnal physiologique pour le second étre vi-
vant, une réalisation d’'une premiere analy-
se des secondes données de signal physio-
logique, et une transmission de données
associées ala premiére analyse des secon-
des données de signal physiologique vers
le dispositif central de traitement ; et

dans lequel soit :

(a) le dispositif central de traitement est
configuré pour recevoir les données
transmises associées a la premiére
analyse des secondes données de si-
gnal physiologique via un canal de
communication et pour réaliser une se-
conde analyse des données associées
a la premiére analyse des secondes
données de signal physiologique ;
soit

(b) le dispositif central de traitement est
configuré pour analyser les secondes
données de signal physiologique lors-
que les secondes données de signal
physiologique sont regues par le dispo-
sitif central de traitement.

6. Systéeme selon 'une quelconque des revendications

1 a5, comprenant :

plusieurs appareils de surveillance présentant
chacun un appareil de traitement, chacun des
plusieurs appareils de traitement présentant un
dispositif de stockage lisible par ordinateur pré-
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sentant un produit de programme informatique
codé dans celui-ci, le produit de programme in-
formatique pouvant servir a amener chacun des
plusieurs appareils de traitement respectifs a
réaliser les opérations ; et

un dispositif de stockage lisible par ordinateur
distant a distance des plusieurs patients présen-
tantun produit de programme informatique codé
dans celui-ci, le produit de programme informa-
tiqgue pouvant servir a amener 'ordinateur dis-
tant a réaliser au niveau du systeme central de
traitement distant la seconde analyse des don-
nées associées a chacune des premiéres ana-
lyses et pour afficher les données associées a
chacune des secondes analyses sur une ou plu-
sieurs stations de surveillance.

Procédé mis en oeuvre par machine comprenant :

une obtention de données de signal d’ECG pour
un étre vivant,

une réalisation d’'une premiére analyse des don-
nées de signal 'ECG au niveau d’un premier
dispositif de traitement (107 ; 108 ; 109) dans
un sous-systéme ambulatoire local a I'étre vi-
vant, a distance d'un dispositif central de traite-
ment (170), et présentant une responsabilité
d’analyse en temps réel ;

une transmission depuis le premier dispositif de
traitement de données associées a la premiére
analyse vers le dispositif central de traitement ;
une réalisation au niveau du dispositif central de
traitement d’'une seconde analyse des données
associées a la premiere analyse ; et

un affichage de données associées alaseconde
analyse ;

caractérisé par le fait de faire réaliser au pre-
mier dispositif de traitement dans le sous-sys-
teme ambulatoire a titre de premiére analyse
une détermination de points de repére pour de
multiples complexes QRS, faire réaliser au dis-
positif central de traitement la seconde analyse
en utilisant les points de repére pour déterminer
une variabilit¢ de rythme cardiaque, et faire
changer au dispositif central de traitement des
réglages de configuration dans le premier dis-
positif de traitement pour changer la quantité ou
un type de la premiére analyse réalisée par le
premier dispositif de traitement.

8. Procédé mis en oeuvre par machine selon la reven-
dication 7, comprenant en outre : une réception de
données de retour au niveau du dispositif central de
traitement depuis un professionnel de santé concer-
nant les données associées a la premiére ou la se-
conde analyse ; et un ajustement automatique de
réglages de configuration soit au niveau du dispositif
central de traitement soit au niveau du premier dis-
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positif de traitement sur la base du retour d’un pro-
fessionnel de santé.

9. Procédé mis en oeuvre par machine selon la reven-
dication 7, comprenant en outre :

une transmission des réglages de configuration
depuis le dispositif central de traitement vers le
premier dispositif de traitement sur la base de
la seconde analyse ; et

un ajustement du premier dispositif de traite-
ment sur la base des réglages de configuration.

10. Procédé mis en oeuvre par machine selon la reven-
dication 7, comprenant en outre :

une transmission d’'une demande de données
au premier dispositif de traitement ;

une transmission de données demandées de-
puis le premier dispositif de traitement vers le
dispositif central de traitement distant sur la ba-
se de la demande de données ; et

une analyse des données demandées au ni-
veau du dispositif central de traitement distant.

11. Procédé mis en oeuvre par machine selon la reven-
dication 7, comprenant en outre :

une transmission d’'une demande vers le pre-
mier dispositif de traitement pour une analyse
supplémentaire a réaliser par le premier dispo-
sitif de traitement ;

une réalisation de I'analyse supplémentaire au
niveau du premier dispositif de traitement ; et
une transmission de données associées al'ana-
lyse supplémentaire vers le dispositif central de
traitement.

12. Procédé mis en oeuvre par machine selon la reven-
dication 7, comprenant en outre :

une obtention de secondes données de signal
physiologique pour un second étre vivant ;

une réalisation d’une premiéere analyse des se-
condes données de signal physiologique au ni-
veau d’'un second dispositif de traitement local
au second étre vivant et a distance du dispositif
central de traitement ;

une transmission depuis le second dispositif de
traitement de données associées a la premiéere

analyse des secondes données de signal phy-
siologique vers le dispositif central de
traitement ;

une réalisation au niveau du dispositif central de
traitement d’'une seconde analyse des données
transmises depuis le second dispositif de
traitement ; et

soit :
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(a) un affichage des données associées a

la seconde analyse ; soit

(b) une analyse comparative des données
associées a la seconde analyse des don-
nées transmises depuis le second dispositif 5
de traitement et des données associées a

la seconde analyse des données transmi-
ses depuis le premier dispositif de
traitement ; etune transmission deréglages

de configuration vers le premier ou le se- 10
cond dispositif de traitement sur la base de
I'analyse comparative.

13. Procédé mis en oeuvre par machine selon la reven-
dication 7, comprenant en outre une analyse com- 15
parative des données associées a la seconde ana-
lyse avec des données associées a une analyse d’'un
signal physiologique pour I'étre vivant a partir d’'une
période de temps différente.

20

14. Procédé mis en oeuvre par machine selon la reven-
dication 7, comprenant en outre :

une obtention de secondes données de signal
physiologique pour un second étre vivant ; 25
une transmission des secondes données de si-
gnal physiologique depuis un second dispositif

de traitement local au second étre vivant et a
distance du dispositif central de traitement vers

le dispositif central de traitement tandis que les 30
secondes données physiologiques sont
obtenues ; et

une réalisation au niveau du dispositif central de
traitement d’une analyse des données transmi-
sesdepuis le second dispositifde traitementtan- 35
dis que les données sont regues au niveau du
dispositif central de traitement.
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