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7) ABSTRACT

A system and method for managing alert notifications in an
automated patient management system is presented. One or
more settings specifying patient data collection periodicity
are defined. One or more patient data sources operating on
a remotely managed patient and selected from at least one of
a physiological sensor and a therapy delivery device are also
defined. One or more triggers associated with a condition
occurring in relation to at least one such patient data
evaluateable subsequent to collection are defined. Finally, a
notification scheme executable upon detection of at least one
such trigger is determined to provide an external indicator of
the condition occurrence.
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SYSTEM AND METHOD FOR MANAGING ALERT
NOTIFICATIONS IN AN AUTOMATED PATIENT
MANAGEMENT SYSTEM

FIELD OF THE INVENTION

[0001] The present invention relates in general to auto-
mated patient management and, specifically, to a system and
method for managing alert notifications in an automated
patient management system.

BACKGROUND OF THE INVENTION

[0002] Generally, follow-up for patients suffering from
chronic medical conditions, such as congestive heart failure
or respiratory insufficiency, occurs in-clinic once every three
to twelve months, or as necessary. Although mandatory, the
clinic visits are also often the only one-on-one interpersonal
contact that occurs between the patient and his or her
physician or healthcare provider, absent complications or
other health-related issues. In-clinic visits allow a clinician
to manage those patient medical devices and sensors that
may require specific attention, for example, implantable
medical devices (IMDs), such as pacemakers or defibrilla-
tors, or home-based sensors, such as Holter monitors,
although certain patient medical devices and sensors, such
as scales and blood pressure cuffs, seldom require clinical
follow-up. Where appropriate, devices and sensors are intet-
rogated using a conventional programmer, which retrieves
stored event data and device settings and allows reprogram-
ming to modify or upgrade operational behaviors. However,
due to limited onboard storage, the patient data received
through in-clinic interrogations from the devices and sensors
is limited in quantity and represents a “snapshot” of patient
wellness, frequently far removed in time from the occur-
rence of an event of potential medical interest.

[0003] Alternative follow-up methods, such as transtele-
phonic monitoring, can enable a healthcare provider to
provide limited remote patient management on a more
frequent, often monthly, basis. In addition, dedicated remote
patient management devices, such as repeaters, have enabled
healthcare providers to remotely perform follow-up moni-
toring on a daily basis using a data communications net-
work, such as the Internet. Nevertheless, these devices
require patients to remember to initiate remote sessions and
impose the need to confirm patient data receipt on the
clinician. Additionally, substantially all received patient data
must be reviewed by a clinician to ensure prudent health care
provisioning, which frequently requires specific clinical
expertise as a service separate from a general clinical
practice.

[0004] Therefore, there is a need for an approach to
providing automated patient management of remote patients
through highly configurable patient data collection and
evaluation and alert notification. Preferably, such an
approach would relieve clinicians from the drudgery of
confirming patient compliance and the routine review of
detectable non-critical conditions.

SUMMARY OF THE INVENTION

[0005] A system and method includes defining and execut-
ing patient data collection and evaluation and alert notifi-
cations. Patient data is collected from patient data sources,
including implantable and external medical devices and
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sensors. The patient data can be requested from each patient
data source based on a schedule or received asynchronously.
The collected patient data is evaluated by the data collection
device for a subset of alert conditions and by a server for a
complete set of alert conditions. The frequency of evaluation
of patient data can be specified as equal to or less than the
frequency of collection. Alert notifications are provided
when the occurrence of an alert condition triggers a notifi-
cation scheme. The alert notifications for a common degree
of severity can be assigned to alert levels, which can be
escalated in succession if the initially selected alert notifi-
cation goes unacknowledged or if patient data cannot be
uploaded to the server.

[0006] One embodiment provides a system and method for
managing alert notifications in an automated patient man-
agement system. One or more settings specifying patient
data collection periodicity are defined. One or more patient
data sources operating on a remotely managed patient and
selected from at least one of a physiological sensor and a
therapy delivery device are also defined. One or more
triggers associated with a condition occurring in relation to
at least one such patient data evaluateable subsequent to
collection are defined. Finally, a notification scheme execut-
able upon detection of at least one such trigger is determined
to provide an external indicator of the condition occurrence.

[0007] Still other embodiments of the present invention
will become readily apparent to those skilled in the art from
the following detailed description, wherein are described
embodiments of the invention by way of illustrating the best
mode contemplated for carrying out the invention. As will be
realized, the invention is capable of other and different
embodiments and its several details are capable of modifi-
cations in various obvious respects, all without departing
from the spirit and the scope of the present invention.
Accordingly, the drawings and detailed description are to be
regarded as illustrative in nature and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a functional block diagram showing, by
way of example, an automated patient management envi-
ronment, in accordance with one embodiment.

[0009] FIG. 2 is a process flow diagram showing options
definition in the environment of FIG. 1.

[0010] FIG. 3 is a data flow diagram showing options
defined for use in the environment of FIG. 1.

[0011] FIG. 4 is a process flow diagram showing data
collection option definition in the environment of FIG. 1.

[0012] FIG. 5 is a functional block diagram showing data
collection option execution in the environment of FIG. 1.

[0013] FIG. 6 is a process flow diagram showing alert
evaluation option definition in the environment of FIG. 1.

[0014] FIG. 7 is a functional block diagram showing alert
evaluation option execution in the environment of FIG. 1.

[0015] FIG. 8 is a process flow diagram showing alert
notification option definition in the environment of FIG. 1.

[0016] FIG.9 is a functional block diagram showing alert
notification option execution in the environment of FIG. 1.
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[0017] FIG. 10 is a functional block diagram showing a
patient management device for managing alert notifications
in an automated patient management system for use in the
environment of FIG. 1.

[0018] FIG. 11 is a functional block diagram showing a
server for managing alert notifications in an automated
patient management system for use in the environment of
FIG. 1.

DETAILED DESCRIPTION

Automated Patient Management Environment

[0019] Automated patient management encompasses a
range of activities, including remote patient management
and automatic diagnosis of patient health, such as described
in commonly-assigned U.S. Patent application Pub. No. US
2004/0103001, pending, published May 27, 2004, the dis-
closure of which is incorporated by reference. Such activi-
ties can be performed proximal to a patient, such as in the
patient’s home or office, through a centralized server, such
as in a hospital, clinic or physician’s office, or through a
remote workstation, such as a secure wireless mobile com-
puting device. FIG. 1 is a functional block diagram show-
ing, by way of example, an automated patient management
environment 10, in accordance with one embodiment. An
individual patient 11 is remotely managed through one or
more data collection devices 17, such as repeaters, as further
described below with reference to FIG. 10. Each data
collection device 17 is interconnected remotely over an
internetwork 22, such as the Internet to a centralized server
18, as further described below with reference to FIG. 11.
The internetwork 22 can provide both conventional wired
and wireless interconnectivity. In one embodiment, the
internetwork 22 is based on the Transmission Control Pro-
tocol/Internet Protocol (TCP/IP) network communication
specification, although other types or combinations of net-
working implementations are possible. Similarly, other net-
work topologies and arrangements are possible.

[0020] Each data collection device 17 is uniquely assigned
to an individual patient 11 to provide a localized and
network-accessible interface to one or more patient data
sources 12-16, either through direct means, such as wired
connectivity, or through indirect means, such as inductive,
radio frequency or wireless telemetry based on, for example,
“strong” Bluetooth or IEEE 802.11 wireless fidelity “WiFi”
interfacing standards. Other configurations and combina-
tions of patient data source interfacing are possible.

[0021] Patient data includes physiological measures,
which can be quantitative or qualitative, parametric data
regarding the status and operational characteristics of the
patient data source itself, and environmental parameters,
such as the temperature or time of day. Other types of patient
data are possible. The patient data sources collect and
forward the patient data either as a primary or supplemental
function. Patient data sources include, by way of example,
medical devices that deliver or provide therapy to the patient
11, sensors that sense physiological data in relation to the
patient 11, and measurement devices that measure environ-
mental parameters occurring independent of the patient 11.
Fach patient data source can generate one or more types of
patient data and can incorporate one or more components for
delivering therapy, sensing physiological data and measur-
ing environmental parameters. In a further embodiment, data
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values could be entered by a patient 11 directly into a patient
data source. For example, answers to health questions could
be input into a measurement device that includes interactive
user interfacing means, such as a keyboard and display or
microphone and speaker. Such patient-provided data values
could also be collected as patient information. Additionally,
measurement devices are frequently incorporated into medi-
cal devices and sensors. Medical devices include implant-
able medical devices (IMDs) 12, such as pacemakers,
implantable cardiac defibrillators (ICDs), drug pumps, and
neuro-stimulators, and external medical devices (EMDs) 14,
such as automatic external defibrillators (AEDs). Sensors
include implantable sensors 13, such as implantable heart
and respiratory monitors and implantable diagnostic multi-
sensor non-therapeutic devices, and external sensors 15, 16,
such as Holter monitors, weight scales, and blood pressure
cuffs. Other types of medical, sensing, and measuring
devices, both implantable and external, are possible.

[0022] The data collection device 17 collects and tempo-
rarily stores patient data from the patient data sources 12-16
for periodic upload over the internetwork 22 to the server 18
and storage in a database 21. Patient data collection can be
defined to be initiated by either the patient collection device
17 or by one or more of the patient data sources 12-16, as
further described below with reference to FIGS. 4 and 5.

[0023] Ina further embodiment, the collected patient data
can also be accessed and analyzed by one or more locally-
configured clients 19 or one or more remote clients 20
securely-interconnected over the internetwork 22. The cli-
ents 19 and remote clients 20 can be used, for example, by
clinicians, such as physicians, nurses, or qualified medical
specialists, to securely access stored patient data assembled
in the database 21 and to select and prioritize patients for
health care provisioning, such as respectively described in
commonly-assigned U.S. patent application, entitled, “Sys-
tem and Method for Managing Coordination of Assembled
Patient Data in an Automated Patient Management System,”
Ser. No. , filed May 3, 2005, pending, and U.S. patent
application, entitled, “System and Method for Managing
Patient Triage in an Automated Patient Management Sys-
tem,” Ser. No. , filed May 3, 2005, pending, the
disclosures of which are incorporated by reference.
Although described herein with reference to clinicians, the
entire discussion applies equally to organizations, including
hospitals, clinics, and laboratories, and other individuals or
interests, such as researchers, scientists, universities, and
governmental agencies, seeking access to the patient data.

[0024] The collected patient data can also be evaluated for
the occurrence of one or more conditions, such as described
in related, commonly-owned U.S. Pat. No. 6,336,903, to
Bardy, issued Jan. 8, 2002; U.S. Pat. No. 6,368,284, to
Bardy, issued Apr. 9, 2002; U.S. Pat. No. 6,398,728, to
Bardy, issued Jun. 2, 2002; U.S. Pat. No. 6,411,840, to
Bardy, issued Jun. 25, 2002; and U.S. Pat. No. 6,440,066, to
Bardy, issued Aug. 27, 2002, the disclosures of which are
incorporated by reference. Patient data evaluation can be
defined to be performed by either the patient collection
device 17 or the server 18, as further described below with
reference to FIGS. 6 and 7.

[0025] Finally, conditions occurring in the collected
patient data can trigger one or more alert notifications that
provide external indicators of the condition occurrences.
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Alert notification can be defined to be performed by either
the server 18, patient collection device 17, or one or more
other devices either operating as part of or as an adjunct to
the internetwork 22, as further described below with refer-
ence to FIGS. 8 and 9.

[0026] In a further embodiment, patient data is safe-
guarded against unauthorized disclosure to third parties,
including during collection, assembly, evaluation, transmis-
sion, and storage, to protect patient privacy and comply with
recently enacted medical information privacy laws, such as
the Health Insurance Portability and Accountability Act
(HIPAA) and the European Privacy Directive. At a mini-
mum, patient health information that identifies a particular
individual with health- and medical-related information is
treated as protectable, although other types of sensitive
information in addition to or in lieu of specific patient health
information could also be protectable.

[0027] Preferably, the server 18 is a server-grade comput-
ing platform configured as a uni-, multi- or distributed
processing system, and the clients 19 and remote clients 20
are general-purpose computing workstations, such as a pet-
sonal desktop or notebook computer. In addition, the data
collection device 17, server 18, clients 19, and remote clients
20 are programmable computing devices that respectively
execute set of software programs 23, 24, 25, 26 and include
components conventionally found in computing device,
such as, for example, a central processing unit (CPU),
memory, network interface, persistent storage, and various
components for interconnecting these components.

Options Definition

[0028] Managing alert notifications requires collecting
patient data, evaluating collected patient data, and providing
alert notifications if an alert condition is triggered. Fach of
these operations can be configured to customize the alert
notifications to the specific needs of each patient. FIG. 2 is
a process flow diagram showing options definition 40 in the
environment 10 of FIG. 1. In one embodiment, options can
be defined for data collection 41, alert evaluation 42, and
alert notification 43 using the data collection device 17,
server 18, clients 19, and remote clients 20, depending upon
the type and nature of the particular option being defined.
For instance, certain options, such as an alert notification
that an implanted device battery is nearing an end-of-life
condition, are immutable and cannot be changed. Other
options, such as the frequency with which collected data is
evaluated, are default options that can be modified if the
initial configuration requires change.

[0029] The setting of data collection options 41 can
involve a data collection device 17, the server 18, and the
patient data sources 12-16 interfaced to the data collection
device 17. Patient data can be collected at the initiative of
either the data collection device 17 or one or more of the
patient data sources, as further described below with refer-
ence to FIG. 4.

[0030] The setting of alert evaluation options 42 can
involve a data collection device 17 or the server 18. Patient
data collected by each data collection device 17 is uploaded
to the server 18. Upon receiving new patient data, a data
collection device 17 can be configured to evaluate the
patient data for a subset of alert conditions and to collect
additional patient data if an enabled alert condition is
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detected and the server 18 can be configured to evaluate the
patient data for a complete set of alert conditions, as further
described below with reference to FIG. 6.

[0031] The setting of alert notification options 43 can
involve a data collection device 17 and the server 18. If one
or more alert conditions are detected, a data collection
device 17 or the server 18 can be configured to trigger an
alert notification, as further described below with reference
to FIG. 8. In a further embodiment, default alert levels can
be assigned to alert notifications that are each triggered upon
the detection of condition having increasing degrees of
severity. Accordingly, a condition of minor severity could
have a moderate alert level, whereas a condition of signifi-
cant severity could have a high alert level. In addition, alert
notifications for a common degree of severity can be esca-
lated through successive alert levels if the initially selected
alert notification goes unacknowledged or if patient data
cannot be uploaded to the server.

[0032] Inone embodiment, to manage the complexity that
a wide variety of configuration options provide, configura-
tion option default settings can be provided using the
following default setting groups, which may each have an
associated defined set of degrees of severity:

[0033] System-wide: provides configuration option val-
ues that are factory-provided as the initial values for a
configurable parameter.

[0034] Subpopulation-specific: provides configuration
option values that are defined for specific patient
groups. For example, Class III-IV Heart Failure
patients may require conditions to be monitored that a
standard pacemaker patient would not. This level
includes system-wide default settings customized to a
patient subpopulation and can also include alert noti-
fications arising out of guidelines issued by organiza-
tions like HRS, ACC, HFSA, AHA, and AMA.

[0035] User-specified default settings for all patients:
provides configuration options values as custom default
values defined by a clinician to be applied to all of their
patients.

[0036] User-specified default settings for custom group-
ings of patients: provides configuration options as sets
of custom default values defined by a clinician to be
applied to a custom patient grouping. This level may
involve the customization of subpopulation-specific
default configuration option values.

Other configuration option default settings are possible.

[0037] In a further embodiment, only select configuration
options are available at all levels. For example, battery
depletion or device failure conditions may be system-wide
default configuration options that are non-user modifiable.
In contrast, a percentage pacing alert condition may be
disabled as a system-wide default configuration option, but
can be enabled for certain patient populations where pacing
is required, such as for resynchronization patients.

Options Usage

[0038] Generally, options can only be defined by an autho-
rized clinician, such as a physician, nurse, or qualified
medical specialist. FIG. 3 is a data flow diagram showing
options 50 defined for use in the environment 10 of FIG. 1.
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The options for data collection, alert evaluation, and alert
notification are respectively grouped into settings 51, trig-
gers 52, and schemes 53.

[0039] Settings 51 specify data collection periodicity for
the patient data sources 12-16, which are interfaced to a
particular data collection device 17. Settings 51 include
schedules 54 and frequencies 55 that can be associated with
one or more patient data sources. Schedules 54 allow a data
collection device 17 to periodically request and receive, or
“pull,” patient data from the associated patient data source.
Frequencies 55 allow a data collection device 17 to track or
limit the receipt of patient data from patient data sources that
autonomously send, or “push,” patient data to the data
collection device 17. Limiting the receipt of patient data can
help moderate and control excessive usage of a patient data
source, particularly by an overly-compulsive patient. Other
types of settings are possible.

[0040] Triggers 52 associate the occurrence of an alert
condition 56 with an alert notification scheme 53. An alert
condition 56 can set off one or more triggers 52 and the type
of alert condition 56 depends upon the nature of the patient
data. Other types of triggers are possible.

[0041] Schemes 53 are executed to provide an alert noti-
fication upon the detection of an associated trigger 52, which
is an external indicator of an alert condition. Alert notifica-
tions can be provided to the patient, clinician, or third
parties. In a further embodiment, the schemes 53 can be
arranged into alert levels 57. A set of default alert levels 57
can be assigned to a corresponding set of alert notifications
that are each triggered upon the detection of the conditions
having increasing degrees of severity. Additionally, multiple
alert levels 57 can also be assigned to one or more individual
alert notifications and the alert notifications are progres-
sively escalated through the alert levels if, for instance, the
initially selected alert notification goes unacknowledged or
if patient data cannot be uploaded to the server. In a still
further embodiment, an alert notification is only provided
only upon an initial detection of a condition to ensure that
the same alert notification is not continuously resent each
time a new set of patient data is received. Other types of
schemes are possible.

Data Collection Option Definition

[0042] Data collection primarily involves the receipt of
patient data into a data collection device 17. FIG. 4 is a
process flow diagram showing data collection option defi-
nition 60 in the environment 10 of FIG. 1. Data collection
can be configured to be initiated by one or more of the
patient data sources 12-16, the data collection device 17, or
both. Data collection options can be defined by clinician
using the server 18 or, in a further embodiment, a client 19
or remote client 20.

[0043] In one embodiment, the following configuration
options 61 are provided for patient data sources configured
to provide scheduled data collection:

[0044] Schedule frequency 62: defines the periodicity
of patient data collection, including 24-hour/7-days per
week monitoring.

[0045] Response to lack of communication with the
patient data source 64: defines operations to take for a
non-responding patient data source as a follow-up,

Nov. 9, 2006

including when to retry or to communicate failure to
the server, or to send a message or other communica-
tion to the patient 11, clinician or authorized third party
as a compliance notification.

Other schedule configuration options are possible.

[0046] In one embodiment, the following configuration
options 61 are provided for patient data sources configured
to provide asynchronous data collection:

[0047] Maximum frequency 63: defines the intervals at
which the data collection device should accept data
from a patient data source, including limiting data
collection.

[0048] Response to lack of communication with the
patient data source 64: defines operations to take for a
non-responding patient data source as a follow-up,
including when to retry or to communicate failure to
the server, or to send a message or other communica-
tion to the patient 11, clinician or authorized third party
as a compliance notification.

Other frequency configuration options are possible.

[0049] Generally, the data collection device 17 can be
configured to immediately upload collected patient data to
the server 18. In a further embodiment, a maximum delay
can be specified to allow the patient data collected from
multiple patient data sources to be uploaded in a single call
to the server 18, which might be more cost effective depend-
ing upon the connection means used.

Data Collection Option Execution

[0050] Automated patient management allows a poten-
tially enormous amount of patient data to be generated
through substantially continuous monitoring and the amount
and frequency of such patient data generation can be con-
trolled through the data collection options 61. FIG. 5 is a
functional block diagram showing data collection option
execution 70 in the environment 10 of FIG. 1. The execution
reflects the dichotomy of data collection device-versus
patient data source-initiated data collection.

[0051] Patient data sources that operate autonomously
from the patient are generally able to record patient data at
any time and under any conditions. However, the recorded
patient data accumulated by the patient data source must be
periodically uploaded to free limited onboard storage and to
facilitate processing and analysis. Schedules 62 are associ-
ated with a subset of the interfaced patient data sources to
provide data collection device-initiated patient data collec-
tion. Alternatively, a schedule can also be provided to initiate
prompted retrieval of patient data by the remotely managed
patient. A schedule 62 might be appropriate for a patient data
source, such as an implanted cardiac pulse generator, where
patient data may be collected on a daily or weekly basis. The
schedule 62 can either be built into the data collection device
61 or can be provided by the server 18, based on configu-
ration options selected by the clinician. The data collection
device 61 attempts to collect patient data at a scheduled
interval by sending requests 71 to the associated patient data
source, which returns patient data 72. In the absence of
expected patient data receipt, the data collection device 61
can implement a follow-up scheme 64 with the patient data
source, if possible, to investigate delayed or missing patient



US 2006/0253301 A1

data, or by sending a message or other communication to the
patient 11, clinician or authorized third party as a compli-
ance notification.

[0052] Scheduled data collection might not be appropriate
for all patient data sources 12-16. For example, a battery
powered weight scale that uses radio frequency telemetry to
communicate with a data collection device 17 would nor-
mally be turned off to extend battery life. Ordinarily, such a
device would communicate with the data collection device
17 only after use by the patient and would otherwise be in
a standby or sleep state. Such devices frequently operate in
a send-only mode and may therefore be incapable of receiv-
ing incoming messages. The patient data source asynchro-
nously sends patient data 72 to the data collection device 17
to provide patient data source-initiated patient data collec-
tion. Frequencies 63 are associated with a subset of the
interfaced patient data sources to allow the data collection
device 17 to track or limit the receipt of patient data. In the
absence of expected patient data receipt, the data collection
device 61 can implement a follow-up scheme 64 with the
patient data source, if possible, to investigate delayed or
missing patient data or excessive patient data delivery, or by
sending a message or other communication to the patient 11,
clinician or authorized third party as a compliance notifica-
tion.

[0053] Finally, collected patient data 73 is uploaded by the
data collection device 17 to the server 18 either upon receipt
or, in a further embodiment, after a delay to allow patient
data 72 from multiple patient data sources to accumulate.
The server 18 stores the uploaded patient data 73 in the
database 21.

Alert Evaluation Option Definition

[0054] Alert evaluation can be configured to be performed
by a data collection device or the server. FIG. 6 is a process
flow diagram showing alert evaluation option definition 80
in the environment 10 of FIG. 1. Alert evaluation options
can be defined by clinician using the server 18 or, in a further
embodiment, a clients 19 or remote client 20.

[0055] In one embodiment, the following configuration
options 81 are provided for alert evaluation:

[0056] Enable/disable 82: defines whether an alert con-
dition is evaluated. Certain alert rules may not be
disabled, particularly those alert conditions that are
defined at a “Red” or maximum alert level.

[0057] Frequency of evaluation 83: defines how often
an alert condition is evaluated. By default, patient data
is evaluated immediately upon collection. However, the
evaluation frequency can be configured to be less than
the collection frequency.

[0058] Whether the alert check should be performed in
the data collection device 84: defines a range of the
alert conditions that are to be evaluated by the data
collection device. In addition, an alert check that is
performed in the data collection device could also
trigger further patient data collection.

Other alert evaluation options are possible.
Alert Evaluation Option Execution

[0059] Collected patient data must be evaluated to detect
the occurrence of an alert condition. FIG. 7 is a functional
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block diagram showing alert evaluation option execution 90
in the environment 10 of FIG. 1. Alert evaluation can be
performed either as data collection device-based evaluation
91, as a subset of the alert conditions, or as server-based
evaluation 92, over the full set of alert conditions. The same
alert conditions can be evaluated by both the data collection
device 17 and the server 18 and, in a further embodiment,
the server 18 can perform a comprehensive evaluation based
on collected patient data stored in the database 18.

[0060] In one embodiment, the following types of alert
conditions are evaluated:

[0061]
[0062]
[0063]

[0064] Excessive battery use, including whether the rate
of battery depletion above an expected threshold.

Battery level low.
End of life.

Early replacement indicated.

0065] Tachycardia therapy disabled.
y py
[0066] Tachycardia mode monitor only.
[0067] Tachycardia mode off.
[0068] Magnet mode therapy disable.
0069] Implanted lead conditions.
p
[0070] Defibrillation lead conditions.
[0071] Pacing lead conditions.
[0072] Pacing capture conditions.
[0073] Loss of capture.
[0074] Safety margin too low.
[0075] Pacing percentage above or below an expected
range.
[0076] Tachycardia therapy conditions.
[0077] Tachycardia therapy delivered to convert
arrhythmia.
[0078] Tachycardia therapy accelerated arrhythmia.
[0079] Tachycardia therapy exhausted.
[0080] Atrial conditions.
[0081] Time in Atrial Fibrillation exceeding a thresh-
old.
[0082] Time in Atrial Flutter exceeding a threshold.
[0083] Atrial therapy delivered.
[0084] Activity level above or below a threshold.
0085] Heart rate variability below a threshold.
y
[0086] Maximum heart rate above a threshold.
0087] Weight increase or decrease.
2
ood pressure, including systolic, diastolic, or
0088] Blood p including systolic, diastoli

mean arterial pressures, above or below a threshold.
[0089]
[0090]

[0091] Device failure, including implanted and external
devices.

Blood sugar above or below a threshold.

Apnea index above a threshold.
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[0092] Patient triggered event.

[0093]

[0094]
[0095]

[0096] Pulmonary artery pressure above or below a
threshold.

[0097]
Other types of alert conditions are possible.
Alert Notification Option Definition

[0098] Alert notifications can be provided to the patient,
clinician, or third parties, depending upon the type and
nature of the underlying alert condition, as well as patient
privacy considerations. FIG. 8 is a process flow diagram
showing alert notification option definition 100 in the envi-
ronment 10 of FIG. 1. Alert notification options can be
defined by clinician using the server 18 or, in a further
embodiment, a client 19 or remote client 20.

[0099] In one embodiment, the following configuration
options 101 are provided for alert definition:

[0100] Parameters 102: defines whether an alert condi-
tion may be provided with configurable parameters. For
example, a lead impedance alert condition may have
programmable impedance levels, a weight alert condi-
tion may have a programmable weight change, and a
pacing percentage alert condition may have a percent-
age paced parameter.

[0101] Combinations 103: defines whether custom
alerts can be created by combining alert conditions with
Boolean logic operations, such as “AND,”“OR” and
“NOT” operations. Other Boolean logic and alert con-
dition aggregating operations are possible.

[0102] Alert levels 104: defines whether the alert level
of an alert condition may be configured. In one embodi-
ment, default alert levels of “Red” and “Yellow” are
provided, but additional levels may be created. The
default alert levels assigned to immutable alert condi-
tions are not be permitted to be changed. For example,
an implanted device battery nearing an end-of-life
condition may not be changed from a default “Red”
alert condition.

Oxygen Saturation below a threshold.
Implanted sensor information.

Cardiac output below a threshold.

Pulmonary edema level above a threshold.

Other alert notification options are possible.

[0103] In a further embodiment, if an alert condition is
present, yet was not present the last time that the alert
condition was evaluated, an alert notification may be gen-
erated to communicate the presence of the alert condition to
the clinician, patient, or both.

[0104] 1In a still further embodiment, responses to alert
notifications are monitored and analyzed as a form of
self-directed learning. The responses are evaluated, for
instance, to identify patterns and consistent behaviors, which
can then be used to modify future alert notifications. For
example, where a clinician consistently responds to a par-
ticular type of alert notification by dismissing the notifica-
tion, subsequent alert notifications of the same type could
append a prompt to ask the clinician if the alert notification
should be disabled. Other types of response monitoring and
analysis are possible.

Nov. 9, 2006

Alert Notification Option Execution

[0105] Alert notifications provide the means by which the
presence of a new alert condition is communicated to a
patient, clinician, or third parties. FIG. 9 is a functional
block diagram showing alert notification option execution
110 in the environment 10 of FIG. 1. Alert notifications are
associated with the alert levels 104 and, by default, all alert
notifications at a particular level share the same means for
notification. Alert notifications can be provided to a clinician
or authorized third party at a data collection device 111, the
server 112, a client 113, and a remote client 114, and via
external communications means 115, and to the patient via
external communications means 116.

[0106] In one embodiment, the following types of alert
notifications are provided:

[0107] Notification means: defines the primary mecha-
nism by communications media and conduit over
which the alert notification is sent.

[0108]
[0109]
[0110]
[0111]

]

[0112] SMS or text message to a personal data assis-
tant, cellular telephone, or similar device.

Web page update.
Phone call, including automated or manual.
Pager call.

E-mail.

[0113] “Instant Message™ to a computer.
[0114] Data collection device 17 message to the
patient.

[0115] Simultaneous direct notification to emergency
services and to the clinician.

[0116] Escalation mechanism: defines the secondary
mechanism that is used if the primary mechanism fails,
plus the amount of time that is allowed to lapse before
the secondary mechanism is invoked. Tertiary and
successive mechanisms are possible.

Other alert notifications are possible.
Data Collection Device

[0117] Each data collection device acts as the central hub
for the remote management of individual patients. FIG. 10
is a functional block diagram 120 showing a patient man-
agement device 121 for managing alert notifications in an
automated patient management system for use in the envi-
ronment 10 of FIG. 1. The data collection device 121
includes a storage 125 and can be configured to collect
patient data, evaluate collected patient data, and provide
alert notifications. Other data collection device functions are
possible.

[0118] The data collection device 121 includes a collector
122, evaluator 123, and notifier 124. The collector 122
maintains a list of devices and sensors 126 for interfaced
patient data sources 12-16 and collects patient data based on
collection periodicity settings 127. The collector 122
actively collects “pulled” patient data 135 received from the
patient data sources 12-16 based on schedules 132. Pulled
patient data collection is initiated by sending a data request
137 to the associated patient data source. The collector 122
also passively receives “pushed” patient data asynchro-
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nously sent from the patient data sources 12-16. The col-
lector 122 keeps track of pushed patient data collection by
monitoring frequencies 133. The collector 122 can execute
a follow-up scheme, for example, by sending follow-up
requests 138 to patient data sources, if possible, that have not
sent expected patient data, or by sending a message or other
communication to the patient 11, clinician or authorized
third party as a compliance notification. Finally. the collector
122 uploads the collected patient data 139 to the server 18,
either upon receipt or after a maximum delay to allow
patient data to accumulate.

[0119] The evaluator 123 evaluates both the “pushed”
patient data 134 and the “pulled” patient data 135 against a
subset of alert conditions 128. One or more triggers 129 are
associated with the alert conditions 128 and occurrences of
alert condition 128 set off the associated triggers 129. In
addition, an alert condition 128 could also trigger further
patient data collection. The same alert conditions 128 can be
evaluated by both the data collection device 121 and the
server.

[0120] The notifier 124 provides alert notifications 136.
Alert notifications 136 are assigned to notification schemes
130 that are executed upon the detection of an associated
trigger 129. The notification schemes 130 can be organized
into one or more levels 131 of alerts.

Server

[0121] The server acts as the central hub for collected
patient data storage and analysis. FIG. 11 is a functional
block diagram 150 showing a server 151 for managing alert
notifications in an automated patient management system for
use in the environment 10 of FIG. 1. The server 151
includes storage 155 and database 156 and can be configured
to evaluate collected patient data and provide alert notifica-
tions. Other server functions are possible.

[0122] Similar to the data collection device 121, the server
151 includes a collector 152, evaluator 153, and notifier 154.
The collector 152 maintains a list of devices and sensors 157
for all patient data sources 12-16, which can be used by a
clinician to create schedules 166 and maximum frequencies
167 to manage the collection of patient data by interfaced
data collection devices 121. The collector 152 collects
patient data 163 received from the data collection devices
121, which are stored as patient data sets 162 in the database
156. The collector 152 can execute a follow-up scheme by
sending follow-up requests 165 to data collection devices
121, if possible, that have not sent expected collected patient
data, or by sending a message or other communication to the
patient 11, clinician or authorized third party as a compli-
ance notification.

[0123] The evaluator 153 evaluates the collected patient
data 163 against a complete set of alert conditions 158. One
or more triggers 159 are associated with the alert conditions
158 and occurrences of alert condition 158 set off the
associated triggers 159. The same alert conditions 158 can
be evaluated by both the server 151 and data collection
devices 121.

[0124] The notifier 154 provides alert notifications 164.
Alert notifications 164 are assigned to notification schemes
160 that are executed upon the detection of an associated
trigger 159. The notification schemes 160 can be organized
into one or more levels 161 of alerts. By way of example,
alert notifications 164 can include a Web page update, phone
or pager call, E-mail, SMS, text or “Instant” message, as
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well as a message to the patient send through the data
collection device 17 and simultaneous direct notification to
emergency services and to the clinician. Other alert notifi-
cations are possible.

[0125] While the invention has been particularly shown
and described as referenced to the embodiments thereof,
those skilled in the art will understand that the foregoing and
other changes in form and detail may be made therein
without departing from the spirit and scope of the invention.

What is claimed is:
1. A system for managing alert notifications in an auto-
mated patient management system, comprising:

one or more settings defined to specify patient data
collection periodicity and one or more patient data
sources operating on a remotely managed patient and
selected from at least one of a physiological sensor and
a therapy delivery device;

one or more triggers defined to be associated with a
condition occurring in relation to at least one such
patient data evaluateable subsequent to collection; and

a notifier to determine a notification scheme executable
upon detection of at least one such trigger to provide an
external indicator of the condition occurrence.

2. A system according to claim 1, further comprising:

data collection options, comprising at least one of:

a schedule defined to be associated with at least one
such patient data source to provide automated
retrieval of the patient data;

a schedule defined to be associated with at least one
such patient data source to provide prompted
retrieval of the patient data by the remotely managed
patient;

a frequency defined to be associated with at least one
such patient data source to track or limit on-demand
retrieval of the patient data;

a follow-up scheme defined to be associated with at
least one such patient data source executable in an
absence of expected patient data collection; and

a follow-up scheme defined to be associated with at
least one of the remotely managed patient and a
patient-managing clinician executable in an absence
of expected patient data collection.

3. A system according to claim 1, further comprising:

data evaluation options, comprising at least one of:

an evaluation frequency to be specified with at least one
such trigger;

a flag to control enablement of at least one such trigger
by permitting or restricting the enablement; and

an indicator to provide performing evaluation of the
triggers in one or more of a data collection device
and a server communicatively interfaced to the data
collection device.
4. A system according to claim 1, further comprising:

alert notification options, comprising at least one of:

a configurable parameter defined to be evaluated as at
least one such condition;
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a plurality of the conditions to be combined into one
such trigger comprising one or more Boolean opera-
tions; and

alert levels to be assigned to alert notifications that are
each triggered upon detection of the conditions hav-
ing increasing degrees of severity.

5. A system according to claim 4, wherein the alert levels
are assigned to a plurality of the alert notifications that are
each triggered upon detection of one or more of the condi-
tions having a common degree of severity.

6. A system according to claim 5, further comprising:

an escalation scheme defined to execute in relation to the
alert levels upon the detection of one such condition
having a common degree of severity.

7. A system according to claim 4, further comprising:

default setting groups of data evaluation options defined
to be selected from the group comprising system-wide,
sub-population specific, user-specified default settings
for all patients, and a user-specified default settings for
custom patient grouping.
8. A system according to claim 4, wherein a plurality of
alert levels are associated with a plurality of the triggers,
further comprising:

an immutable alert level to be assigned to one or more of

the alert levels.

9. A system according to claim 1, wherein the notification
scheme is executable only upon an initial detection of the at
least one such trigger.

10. A system according to claim 1, wherein cumulative
collection of the patient data from a plurality of the patient
data sources is specified.

11. A system according to claim 1, further comprising:

a monitor to monitor and analyze responses to an external
indicator, and to modify the corresponding notification
scheme based on behaviors identified in the responses.

12. A system according to claim 1, further comprising:

a database to store the collected patient data, wherein the
stored collected patient data is included as the at least
one such patient data evaluateable subsequent to col-
lection.

13. A system according to claim 1, wherein the patient
data source comprises at least one of an implantable medical
device, implantable diagnostic multi-sensor non-therapeutic
device, external medical device, implantable sensor, and
external sensor.

14. A system according to claim 1, wherein the condition
is selected from the group comprising battery level low,
including end of life and early replacement indicated; exces-
sive battery use, including whether rate of battery depletion
is above an expected threshold; tachycardia therapy dis-
abled, including tachycardia mode monitor only, tachycardia
mode off, and magnet mode therapy disable; implanted lead
conditions, including defibrillation lead conditions and pac-
ing lead conditions; pacing capture conditions, including
loss of capture and safety margin too low; pacing percentage
above or below an expected range; tachycardia therapy
conditions, including tachycardia therapy delivered to con-
vert arrhythmia, tachycardia therapy accelerated arrhythmia,
and tachycardia therapy exhausted,; atrial conditions, includ-
ing time in atrial fibrillation exceeding a threshold and time
in Atrial flutter exceeding a threshold, and atrial therapy
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delivered; activity level above or below a threshold; heart
rate variability below a threshold; maximum heart rate
above a threshold; weight increase or decrease; blood pres-
sure, including systolic, diastolic, or mean arterial pressures,
above or below a threshold; blood sugar above or below a
threshold; apnea index above a threshold; device failure,
including implanted and external devices; patient triggered
event; oxygen saturation below a threshold: and implanted
sensor information, including cardiac output below a thresh-
old, pulmonary artery pressure above or below a threshold,
and pulmonary edema level above a threshold.

15. A method for managing alert notifications in an
automated patient management system, comprising:

defining one or more settings specifying patient data
collection periodicity and one or more patient data
sources operating on a remotely managed patient and
selected from at least one of a physiological sensor and
a therapy delivery device;

defining one or more triggers associated with a condition
oceurring in relation to at least one such patient data
evaluateable subsequent to collection; and

determining a notification scheme executable upon detec-
tion of at least one such trigger to provide an external
indicator of the condition occurrence.

16. A method according to claim 15, further comprising:

defining data collection options, comprising at least one
of:

defining a schedule associated with at least one such
patient data source to provide automated retrieval of
the patient data;

defining a schedule associated with at least one such
patient data source to provide prompted retrieval of
the patient data by the remotely managed patient;

defining a frequency associated with at least one such
patient data source to track or limit on-demand
retrieval of the patient data;

defining a follow-up scheme associated with at least
one such patient data source executable in an
absence of expected patient data collection; and

defining a follow-up scheme associated with at least

one of the remotely managed patient and a patient-

managing clinician executable in an absence of
expected patient data collection.

17. A method according to claim 15, further comprising:

defining data evaluation options, comprising at least one
of:

specifying an evaluation frequency with at least one
such trigger;

controlling enablement of at least one such trigger by
permitting or restricting the enablement; and

performing evaluation of the triggers in one or more of

a data collection device and a server communica-
tively interfaced to the data collection device.

18. A method according to claim 15, further comprising:

defining alert notification options, comprising at least one
of:
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defining a configurable parameter to be evaluated as at
least one such condition;

combining a plurality of the conditions into one such
trigger comprising one or more Boolean operations;
and

assigning alert levels to alert notifications that are each

triggered upon detection of the conditions having
increasing degrees of severity.

19. A method according to claim 18, further comprising:

assigning the alert levels to a plurality of the alert noti-
fications that are each triggered upon detection of one
or more of the conditions having a common degree of
severity.

20. A method according to claim 19, further comprising:

defining an escalation scheme to execute in relation to the
alert levels upon the detection of one such condition
having a common degree of severity.

21. A method according to claim 18, further comprising:

defining default setting groups of data evaluation options
selected from the group comprising system-wide, sub-
population specific, user-specified default settings for
all patients, and a user-specified default settings for
custom patient grouping.
22. A method according to claim 18, wherein a plurality
of alert levels are associated with a plurality of the triggers,
further comprising:

assigning an immutable alert level to one or more of the

alert levels.

23. A method according to claim 15, wherein the notifi-
cation scheme is executable only upon an initial detection of
the at least one such trigger.

24. A method according to claim 15, further comprising:

specifying cumulative collection of the patient data from
a plurality of the patient data sources.
25. A method according to claim 15, further comprising:

monitoring and analyzing responses to an external indi-
cator; and

modifying the corresponding notification scheme based
on behaviors identified in the responses.
26. A method according to claim 15, further comprising:

storing the collected patient data; and

including the stored collected patient data as the at least
one such patient data evaluateable subsequent to col-
lection.
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27. A method according to claim 15, wherein the patient
data source comprises at least one of an implantable medical
device, implantable diagnostic multi-sensor non-therapeutic
device, external medical device, implantable sensor, and
external sensor.

28. A method according to claim 15, wherein the condi-
tion is selected from the group comprising battery level low,
including end of life and early replacement indicated; exces-
sive battery use, including whether rate of battery depletion
is above an expected threshold; tachycardia therapy dis-
abled, including tachycardia mode monitor only, tachycardia
mode off, and magnet mode therapy disable; implanted lead
conditions, including defibrillation lead conditions and pac-
ing lead conditions; pacing capture conditions, including
loss of capture and safety margin too low; pacing percentage
above or below an expected range; tachycardia therapy
conditions, including tachycardia therapy delivered to con-
vert arrhythmia, tachycardia therapy accelerated arrhythmia,
and tachycardia therapy exhausted; atrial conditions, includ-
ing time in atrial fibrillation exceeding a threshold and time
in Atrial flutter exceeding a threshold, and atrial therapy
delivered; activity level above or below a threshold; heart
rate variability below a threshold; maximum heart rate
above a threshold; weight increase or decrease; blood pres-
sure, including systolic, diastolic, or mean arterial pressures,
above or below a threshold; blood sugar above or below a
threshold; apnea index above a threshold; device failure,
including implanted and external devices; patient triggered
event; oxygen saturation below a threshold; and implanted
sensor information, including cardiac output below a thresh-
old, pulmonary artery pressure above or below a threshold,
and pulmonary edema level above a threshold.

29. A computer-readable storage medium holding code
for performing the method according to claim 15.

30. An apparatus for managing alert notifications in an
automated patient management system, comprising:

means for defining one or more settings specifying patient
data collection periodicity and one or more patient data
sources operating on a remotely managed patient and
selected from at least one of a physiological sensor and
a therapy delivery device;

means for defining one or more triggers associated with a
condition occurring in relation to at least one such
patient data evaluateable subsequent to collection; and

means for determining a notification scheme executable
upon detection of at least one such trigger to provide an
external indicator of the condition occurrence.
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