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MOBILE MONITORING AND PATIENT
MANAGEMENT SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Patent Application No. 62/163,000 filed May 18, 2015, and
entitled “Mobile Monitoring and Patient Management Sys-
tem,” the disclosure of which is hereby incorporated in its
entirety by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a patient manage-
ment system for receiving and displaying physiological
information from mobile medical devices such as therapeu-
tic and monitoring medical devices.

BACKGROUND

[0003] There are a wide variety of electronic and mechani-
cal devices for monitoring and treating patients’ medical
conditions. In some examples, depending on the underlying
medical condition being monitored or treated, medical
devices such as cardiac pacemakers or defibrillators may be
surgically implanted or connected externally to the patient.
[0004] One of the most deadly cardiac arrhythmias is
ventricular fibrillation, which occurs when the normal, regu-
lar electrical impulses are replaced by irregular and rapid
impulses, causing the heart muscle to stop normal contrac-
tions and to begin to quiver. Normal blood flow ceases, and
organ damage or death can result in minutes if normal heart
contractions are not restored. Because the victim has no
perceptible warning of the impending fibrillation, death
often occurs before the necessary medical assistance can
arrive. Other cardiac arrhythmias can include excessively
slow heart rates known as bradycardia.

[0005] Implantable or external pacemakers and defibrilla-
tors (such as automated external defibrillators or AEDs)
have significantly improved the ability to treat these other-
wise life-threatening conditions. Such devices operate by
applying corrective electrical pulses directly to the patient’s
heart. For example, bradycardia can be corrected through the
use of an implanted or external pacemaker device. Ventricu-
lar fibrillation can be treated by an implanted or external
defibrillator.

[0006] Continuous monitoring devices operate by substan-
tially continuously monitoring the patient’s heart for treat-
able arrhythmias and, when such is detected, the device
applies corrective electrical pulses directly to the heart.
Wearable pacing devices and/or defibrillators have been
developed for a certain population of patients, e.g., those
that may have recently experienced a heart attack, that are
susceptible to heart arrhythmias and are at temporary risk of
sudden death, or that are awaiting an implantable device. For
example, to protect against cardiac arrest and other cardiac
health ailments, some at-risk subjects may use a non-
invasive bodily-attached ambulatory medical monitoring
and treatment device, such as the LifeVest® wearable car-
dioverter defibrillator available from ZOLL® Medical Cor-
poration. To remain protected, the subject wears the device
nearly continuously while going about their normal daily
activities, while awake, and while asleep.

[0007] Non-therapeutic monitoring medical devices, e.g.,
cardiac event monitors, collect cardiac information, such as
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a patient electrocardiogram (ECG) recordings, and provide
the information to an external network or remote server on
a periodic basis. Mobile cardiac telemetry devices monitor
patient physiological information, such as ECG, and can
send data aperiodically, such as when a particular triggering
event is identified.

SUMMARY
[0008] Non-limiting examples of embodiments will now
be described.
[0009] In an example, a patient management system is

provided. The patient management system can comprise:
communications circuitry configured to receive first physi-
ological information relating to a first at least one patient
from at least one therapeutic medical device and second
physiological information relating to a second at least one
patient from at least one monitoring medical device; and a
computing device, optionally, comprising a user interface,
the user interface configured to display at least one of the
first and second physiological information according to a
user selection.

[0010] The at least one therapeutic medical device can
comprise at least one of: a portable defibrillator, a wearable
defibrillator, a cardiac pacing device, a portable ventilator, a
cardiopulmonary resuscitation system, and combinations
thereof.

[0011] The at least one monitoring medical device can
comprise at least one of: a mobile cardiac monitoring device,
a patient weight monitor, a blood glucose monitor, a pulse
oximeter, a blood pressure monitor, and a patient movement
detector.

[0012] The first physiological information can comprise
whether a treatment was delivered to the first at least one
patient, and the second physiological information can com-
prise cardiac information of the second at least one patient.
[0013] The computing device can be configured to run one
or more instances of an application for viewing patient
reports based on the received first and second physiological
information. A first instance of the application is configured
to display information based on the first physiological
information and a second instance is configured to display
information based on the second physiological information.
[0014] The computing device can be further configured to
launch a first instance of an application when the user
selection comprises a selection to display the first physi-
ological information. The computing device can also be
configured to launch a second instance of the application
when the user selection comprises a selection to display the
second physiological information.

[0015] The user configuration can comptise user action
involving at least one of: selecting to display first and second
physiological information; selecting to display first physi-
ological information and not second physiological informa-
tion; and selecting to display second physiological informa-
tion and not first physiological information.

[0016] The at least one monitoring medical device can be
configured to permit the patient to enter one or more patient
symptoms. The patient symptoms can comprise at least one
of: a skipped beat, shortness of breath, light headedness,
racing heart rate, fatigue, fainting, chest discomfort, weak-
ness, dizziness, and/or giddiness.

[0017] The at least one monitoring medical device is
configured to permit the patient to an activity level of the
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patient. The activity level of the patient comprising at least
one of: resting, light activity, moderate activity, and rigorous
activity.

[0018] The at least one monitoring medical device is
configured to identify one or more events, the identified
events comprising at least one of: atrial fibrillation, brady-
cardia, tachycardia, atrio-ventricular block, Lown-Ganong-
Levine syndrome, atrial flutter, sino-atrial node dysfunction,
cerebral ischemia, syncope, atrial pause, and/or heart palpi-
tations.

[0019] The user interface can be configured to allow a user
to view the received first and second physiological infor-
mation based at least in part on one or more of the user’s
role, the user’s location, a profile of one or more of the
plurality of patients, and an underlying characteristic of the
received physiological information.

[0020] The user interface can be further configured to
allow the user to customize a manner in which at least a
portion of the received physiological information is pre-
sented. The user interface can also be configured to allow the
user to specify one or more alerts relating to the at least one
of patient symptom information and patient-related event
information. The user can specify that the one or more alerts
should be sent to another recipient other than the user. The
user interface can also be configured to allow the user to
delegate access to at least a portion of the received infor-
mation to another user.

[0021] The at least one therapeutic medical device can be
configured to operate in both a therapeutic mode and a
monitoring mode. The at least one therapeutic medical
device can comprise a plurality of monitoring elements
configured to operate in both the therapeutic mode and the
monitoring mode, and a plurality of therapeutic elements
configured to operate only in the therapeutic mode.

[0022] The at least one monitoring medical device can be
configured to operate in both a therapeutic mode and a
monitoring mode. The at least one monitoring medical
device can comprise a plurality of monitoring elements
configured to operate in both the therapeutic mode and the
monitoring mode, and a plurality of therapeutic elements
configured to operate only in the therapeutic mode.

[0023] In another example, a patient management system
can comprise: communications circuitry configured to
receive physiological information relating to a plurality of
patients from a plurality of medical devices, the physiologi-
cal information, optionally, comprising at least one of
patient symptom information and patient-related event infor-
mation; and a computing device comprising a user interface,
the user interface configured to allow a user to triage at least
a portion of the received physiological information based, at
least in part, on at least one of patient symptom information
and the patient-related event information.

[0024] The medical devices can be configured to permit
the patient to manually enter the patient symptoms.

[0025] The patient symptoms can comprise at least one of:
a skipped beat, shortness of breath, light headedness, racing
heart rate, fatigue, fainting, chest discomfort, weakness,
dizziness, and/or giddiness.

[0026] The patient symptoms can further comprise an
activity level of the patient comprising at least one of:
resting, light activity, moderate activity, and rigorous activ-
ity.

[0027] The identified events can comprise at least one of:
atrial fibrillation, bradycardia, tachycardia, atrio-ventricular
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block, Lown-Ganong-Levine syndrome, atrial flutter, sino-
atrial node dysfunction, cerebral ischemia, syncope, atrial
pause, and/or heart palpitations.

[0028] In another example, a patient management system
can comprise: communications circuitry configured to
receive physiological information relating to a plurality of
patients from a plurality of medical devices, the physiologi-
cal information, optionally, comprising at least one of
patient symptom information and patient-related event infor-
mation; and a computing device comprising a user interface,
the user interface configured to allow a user to view the
received physiological information based at least in part on
one or more of: a) the user’s role; b) the user’s location; ¢)
a profile of one or more of the plurality of patients; and d)
an underlying characteristic of the received physiological
information.

[0029] The user interface can be configured to allow the
user to customize a manner in which at least a portion of the
received physiological information is presented.

[0030] The user interface can be configured to allow the
user to specify one or more alerts relating to the at least one
of patient symptom information and patient-related event
information.

[0031] The user can specify that the one or more alerts
should be sent to another recipient other than the user.

[0032] The user interface can be configured to allow the
user to delegate access to at least a portion of the received
information to another user.

[0033] In an example, a mobile patient monitoring system
can comprise: a plurality of therapeutic medical devices
each comprising communication circuitry and being config-
ured to be connected to one of a first subset of patients to
obtain physiological information for the patient; a plurality
of monitoring medical devices each comprising communi-
cation circuitry and being configured to be connected to one
of a second subset of patients to obtain physiological infor-
mation for the patient; a communications network config-
ured to transmit the physiological information about the first
subset of patients from the plurality of therapeutic medical
devices and the physiological information about the second
subset of patients from the plurality of monitoring medical
devices; and a computing device comprising a user interface
configured to receive the physiological information for the
first subset of patients and the second subset of patients over
the communications network and to provide the information
to a user. The user interface can be configured to selectively
display physiological information from at least one of the
first subset of patients and the second subset of patients
based on a selection from the user.

[0034] The selection from the user can comprise at least
one of: selection to display information from both the first
subset of patients and the second subset of patients; selection
to display information for the first subset of patients and not
information for the second subset of patients; and selection
to display information for the second subset of patients and
not information for the first subset of patients.

[0035] The therapeutic medical device can comprise at
least one of: a portable defibrillator, a wearable defibrillator,
a cardiac pacing device, a portable ventilator, a cardiopul-
monary resuscitation system, and combinations thereof.

[0036] Information received from the physiological infor-
mation can comprise an electrocardiogram for the patient.
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[0037] The physiological information received from the
first subset of patients can further comprise information
about a number of treatments provided to the patient by the
therapeutic medical device.

[0038] The user interface can be configured to provide an
alert to the user, the alert being based on analysis of the
received physiological information.

[0039] In another example, a mobile patient monitoring
system can comprise: a plurality of medical devices each
comprising communication circuitry and being configured
to obtain physiological information from a patient, wherein
the physiological information includes one or more patient
symptoms and/or one or more identified events; a commu-
nications network; and a computing device comprising a
user interface configured to receive the physiological infor-
mation from the plurality of medical devices and to selec-
tively display the information from one or more of the
plurality of medical devices in an order based, at least in
part, on the patient symptoms and/or the identified events.
[0040] The medical device can be configured for the
patient to manually enter the patient symptorms.

[0041] The patient symptoms can comprise at least one of:
a skipped beat, shortness of breath, light headedness, racing
heart rate, fatigue, fainting, chest discomfort, weakness,
dizziness, and/or giddiness. The patient symptoms can fur-
ther comprise an activity level of the patient at least one of:
resting, light activity, moderate activity, and rigorous activ-
ity.

[0042] The identified events can comprise at least one of:
atrial fibrillation, bradycardia, tachycardia, atrio-ventricular
block, Lown-Ganong-Levine syndrome, atrial flutter, sino-
atrial node dysfunction, cerebral ischemia, syncope, atrial
pause, and/or heart palpitations.

[0043] In another example, a system for customizing
physiological information received from a medical device
can comprise: at least one medical device comprising com-
munication circuitry and connected to a patient for obtaining
physiological information for the patient; and a computing
device comprising a user interface and at least one processor
configured to perform instructions for receiving the physi-
ological information from the at least one medical device,
and displaying at least a portion of the received physiologi-
cal information with the user interface in an order based, at
least in part, on a selection by a user.

[0044] The physiological information can comprise an
electrocardiogram of the patient.

[0045] Displaying at least a portion of the received physi-
ological information can comprise: receiving the selection
from the user, wherein the selection comprises at least one
information field, populating the information field with
values based, at least in part, on the received physiological
information, and displaying the populated information field
to the user with the user interface.

[0046] The at least one information field can comprise at
least one of: patient total wear time, percentage of time in
atrial fibrillation, percentage of time with bradycardia, pet-
centage of time with tachycardia, average heart rate, most
common symptom reported by the patient, number of iden-
tified events, and a number of treatments by a therapeutic
medical device.

[0047] The order for displaying physiological information
received from the plurality of medical devices can be
determined based on values of the populated information
fields for each patient.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0048] These and other features and characteristics of the
present disclosure, as well as the methods of operation and
functions of the related elements of structures and the
combination of parts and economies of manufacture, will
become more apparent upon consideration of the following
description and the appended claims with reference to the
accompanying drawings, all of which form a part of this
specification, wherein like reference numerals designate
corresponding parts in the various figures. It is to be
expressly understood, however, that the drawings are for the
purpose of illustration and description only and are not
intended as a definition of the limit of the invention.
[0049] Further features and other examples and advan-
tages will become apparent from the following detailed
description made with reference to the drawings.

[0050] FIG. 1 depicts a wearable medical device, in accor-
dance with an example of the present disclosure.

[0051] FIG. 2A depicts a block diagram illustrating vari-
ous functional components of an example monitoring medi-
cal device (e.g., a cardiac or patient monitor), in accordance
with an example of the present disclosure.

[0052] FIG. 2B depicts a schematic drawing of an
example screen capture for the monitoring medical device of
FIG. 2A, in accordance with an example of the present
disclosure.

[0053] FIG. 2C depicts a schematic drawing of an
example screen capture for the monitoring medical device of
FIG. 2A, in accordance with an example of the present
disclosure.

[0054] FIG. 3 depicts a schematic drawing of an example
mobile cardiac telemetry system including a communica-
tions network, in accordance with an example of the present
disclosure.

[0055] FIGS. 4A and 4B depict schematic drawings of an
example patient management system, in accordance with an
example of the present disclosure.

[0056] FIG. 5 depicts an example flow chart for displaying
patient reports based on monitoring device type, in accor-
dance with an example of the present disclosure.

[0057] FIG. 6A depicts a schematic drawing of an
example drop down menu for selecting a device type, in
accordance with an example of the present disclosure.
[0058] FIG. 6B depicts a schematic drawing of an
example patient queue listing patient reports to be reviewed,
in accordance with an example of the present disclosure.
[0059] FIG. 6C depicts a schematic drawing of an
example patient report for review by an end user, in accor-
dance with an example of the present disclosure.

[0060] FIG. 6D depicts another schematic drawing of an
example patient queue listing patient reports to be reviewed,
in accordance with an example of the present disclosure.
[0061] FIG. 7 depicts an example flow chart for viewing
patient reports according to a selected event (e.g. triaging
reports), in accordance with an example of the present
disclosure.

[0062] FIG. 8 depicts a schematic drawing of an example
drop down menu for selecting events to review, in accor-
dance with an example of the present disclosure.

[0063] FIG. 9 depicts an example flow chart for custom-
izing patient reports to review, in accordance with an
example of the present disclosure.
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[0064] FIG. 10 depicts an example flow chart for setting
up alerts or notifications based on received patient reports,
in accordance with an example of the present disclosure.
[0065] FIG. 11 depicts an example flow chart for submit-
ting an electronic order for a cardiac monitoring device, in
accordance with an example of the present disclosure.
[0066] FIG. 12 depicts an example flow chart for infor-
mation filtering based upon application and user access
levels, in accordance with an example of the present dis-
closure.

DETAILED DESCRIPTION OF THE
INVENTION

G
a

[0067] As used herein, the singular form of “a”, “an”, and
“the” include plural referents unless the context clearly
dictates otherwise.

[0068] As used herein, the terms “right”, “left”, “top”, and
derivatives thereof shall relate to the invention as it is
oriented in the drawing figures. However, it is to be under-
stood that the invention can assume various alternative
orientations and, accordingly, such terms are not to be
considered as limiting. Also, it is to be understood that the
invention can assume various alternative variations and
stage sequences, except where expressly specified to the
contrary. It is also to be understood that the specific devices
and processes illustrated in the attached drawings, and
described in the following specification, are examples.
Hence, specific dimensions and other physical characteris-
tics related to the embodiments disclosed herein are not to be
considered as limiting.

[0069] As used herein, the terms “communication” and
“communicate” refer to the receipt or transfer of one or more
signals, messages, commands, or other type of data. For one
unit or component to be in communication with another unit
or component means that the one unit or component is able
to directly or indirectly receive data from and/or transmit
data to the other unit or component. This can refer to a direct
or indirect connection that can be wired and/or wireless in
nature. Additionally, two units or components can be in
communication with each other even though the data trans-
mitted can be modified, processed, routed, and the like,
between the first and second unit or component. For
example, a first unit can be in communication with a second
unit even though the first unit passively receives data, and
does not actively transmit data to the second unit. As another
example, a first unit can be in communication with a second
unit if an intermediary unit processes data from one unit and
transmits processed data to the second unit. It will be
appreciated that numerous other arrangements are possible.
[0070] This disclosure relates to systems and techniques
for receiving and displaying physiological information from
therapeutic and monitoring medical devices. A therapeutic
medical device is configured to provide a therapy to a
patient. For example, a therapeutic medical device can be
configured to monitor a patient for a predetermined physi-
ologic condition, e.g., a cardiac arrhythmia, and provide a
treatment on detecting the condition. Therapeutic medical
devices can include automated external defibrillators (AED),
wearable cardioverter defibrillators (WCD), implantable
defibrillators, or external or implanted pacing devices.
[0071] A monitoring medical device, on the other hand, is
configured to sense one or more predetermined physiologic
parameters of a patient, e.g., for remotely monitoring and/or
diagnosing a condition of the patient. For example, such
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physiologic parameters may include a patient’s electrocar-
diogram (ECG) information, heart sounds (e.g., using accel-
erometers or microphones), lung sounds, breath sounds,
sleep related parameters (e.g., snoring, sleep apnea), tissue
fluids, among others. As described in detail below, an
example monitoring medical device is a cardiac monitor. A
cardiac monitor may be implemented as a portable device
that is carried by the patient as he or she goes about their
daily routine. Such cardiac monitors can be used in mobile
cardiac telemetry (MCT) and/or continuous cardiac event
monitoring applications, e.g., in patient populations report-
ing irregular cardiac symptoms. Such patients may be pre-
scribed a cardiac monitor for an extended period of time,
e.g., 10 to 30 days, or more. In some mobile cardiac
telemetry applications, a portable cardiac monitor can be
configured to substantially continuously monitor the patient
for a cardiac anomaly, and when such an anomaly is
detected, the monitor may automatically send data to a
remote server. The remote server may be located within a
24-hour manned monitoring center, where the data is inter-
preted by qualified, cardiac-trained reviewers and/or care-
givers, and feedback provided to the patient and/or a des-
ignated caregiver. In certain cardiac event monitoring
applications, the cardiac monitor is configured to allow the
patient to manually press a button on the cardiac monitor to
cause the device to record predetermined physiologic
parameters of the patient (e.g., ECG information) for a
predetermined amount of time (e.g., 1-5 minutes before and
1-5 minutes after a reported event). The cardiac monitor can
be configured to monitor other physiologic parameters of the
patient other than cardiac related parameters. For example,
the cardiac monitor can be configured to monitor, for
example, heart sounds (e.g., using accelerometers or micro-
phones), lung sounds, breath sounds, sleep related param-
eters (e.g., snoring, sleep apnea), tissue fluids, among others.

[0072] In some implementations, therapeutic medical
devices, as described herein, can be configured to only
monitor a patient as a monitoring medical device. For
example, such a therapeutic medical device can have
optional therapeutic elements (e.g., defibrillation and/or
pacing electrodes, components, and associated circuitry)
that are configured to operate in a therapeutic mode. The
optional therapeutic elements can be physically decoupled
from the medical device as a means to convert the thera-
peutic medical device into a monitoring medical device for
a specific use (e.g., for operating in a monitoring-only mode)
or a patient. Alternatively, the optional therapeutic elements
can be deactivated (e.g., by means or a physical or a software
switch), essentially rendering the therapeutic medical device
as a monitoring medical device for a specific physiologic
purpose or a particular patient. As an example of a software
switch, an authorized person can access a protected user
interface of the medical device and select a preconfigured
option or perform some other user action via the user
interface to deactivate the therapeutic elements of the medi-
cal device.

[0073] In a similar manner, a monitoring medical device
can have optional therapeutic elements (e.g., defibrillation
and/or pacing electrodes, components, and associated cir-
cuitry) configured to operate, for example, if the monitoring
medical device is reconfigured from operating in a moni-
toring-only mode to operating in a therapeutic mode. The
optional therapeutic elements can be physically attached to
the monitoring medical device as a means to convert the
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monitoring medical device into a therapeutic medical device
for a specific use (e.g., for operating in a therapeutic mode)
or patient. Alternatively, the optional therapeutic elements
can be activated (e.g., by means or a physical or a software
switch), essentially converting the monitoring medical
device to a therapeutic medical device for a specific treat-
ment purpose or a particular patient. Examples of medical
devices including integrated monitoring and therapeutic
components are described in U.S. Provisional Patent Appli-
cation No. 62/258,666 filed Nov, 23, 2015, and entitled
“Garments for Wearable Medical Devices,” the content of
which is incorporated herein in its entirety. A copy of the
U.S. Provisional Patent Application No. 62/258,666 is
included herein as Appendix A.

[0074] A physician or other caregiver in a healthcare
facility can oversee the care of a number of patients. For
example, the patients can be divided into multiple groups
based upon what type of medical device the patient has been
prescribed, as well as what specific type of treatment the
patient is receiving. For example, a physician can have a
group of patients that have been prescribed a monitoring
medical device, and a group of patients that have been
prescribed a therapeutic medical device. Within the indi-
vidual groups, the patient can be further divided into addi-
tional subgroups. For example, within the group of patients
that have been prescribed a medical monitoring device, a
subgroup of patients can be identified that require regular
evaluation (e.g., reviewing the recordings of their monitor-
ing medical device on a daily basis). In certain implemen-
tations, within the group of patients that have been pre-
scribed a therapeutic medical device, high risk patients that
are likely to require one or more treatments during the
prescription period can be identified for additional monitor-
ing.

[0075] Throughout the course of their treatment, patients
can transition from one group to another. For example, a
patient can be initially prescribed a monitoring medical
device. During the course of their treatment, the patient’s
physician can determine that the patient is likely to have, for
example, an arrhythmia that would require immediate treat-
ment. In such an example, the physician can change the
patient’s prescription from a monitoring medical device to a
therapeutic treatment device. As noted above, changing the
prescription can include activating therapeutic components
contained within the monitoring medical device, attaching
therapeutic components to the monitoring medical device, or
replacing the monitoring medical device with a therapeutic
medical device. The patient can then continue their course of
treatment with the therapeutic medical device.

[0076] As patients transition between the groups and sub-
groups of medical devices and treatments, the imperative of
continuity of care for the patient becomes critical. For
example, medical personnel can remotely review the data
transmitted by the medical devices either live or post-event.
The reviewers can also be specialized to review only certain
types of patients, thus there is risk, at the time of the
transition, of loss of continuity and the new medical
reviewer making ill-informed, dangerous decisions based on
lack of prior patient data. Further, the types and format of
patient data presented during review can vary based on the
group or subgroup into which the patient is identified.
Viewing the data before, during, and after the transition (of
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a patient between groups and subgroups) can significantly
aid the medical reviewer in the diagnosis and treatment of
the patient.

[0077] The systems and techniques for receiving and
displaying physiological information from therapeutic and
monitoring medical devices as described herein can be
configured to provide a physician or other reviewer with an
interface to both access patient reports for a patient pre-
scribed a medical device (e.g., a monitoring or a therapeutic
medical device) as well as to provide the reviewer with the
ability to see when a patient has transitioned between
devices. For example, the patient’s record can be updated in
real-time (or near real-time) to indicate that the patient has
transitioned from a monitoring medical device to a thera-
peutic medical device.

[0078] For example, a patient can go to the emergency
room, or another treatment facility, after exhibiting syncope
symptoms. An attending physician can run a series of tests
and/or scans for the patient. If the physician is unable to
accurately diagnose the cause of the patient’s syncope, the
physician can prescribe the patient a monitoring medical
device such as an MCT device. By prescribing the moni-
toring medical device, the physician can continue to monitor
the patient without admitting the patient to the hospital.
Upon prescription of the monitoring medical device, the
patient can then be added to the group of patients currently
prescribed a monitoring medical device for the attending
physician (that prescribed the monitoring medical device)
and/or the patient’s primary care physician. The physician
and/or another reviewer can regularly review information
recorded by the monitoring medical device by accessing the
patient’s report (as described below in greater detail). For
example, the patient’s designated caregiver (e.g., the
patient’s physician) can be provided access to the patient’s
information in the form of periodic (e.g., weekly) reports. If,
during review, the caregiver determines that the patient is
exhibiting symptoms that are an indication that a serious
cardiac arrhythmia is likely, the patient’s caregiver can
change the patient’s prescription from the monitoring medi-
cal device to a therapeutic medical device. As noted above,
such a change in prescription can include prescribing the
patient a new device or activating therapeutic components in
the monitoring medical device. Upon changing the prescrip-
tion, the patient can be automatically moved from the group
of patients prescribed a monitoring medical device to the
group of patients prescribed a therapeutic medical device. As
such, when accessing the patient’s record, the physician or
other reviewer can access the patient’s record in the group
of patients that have been prescribed a therapeutic medical
device.

[0079] It should be noted that the example above
described a patient transitioning from a monitoring medical
device to a therapeutic medical device by way of example
only. In some implementations, a patient previously pre-
scribed a therapeutic treatment device can transition to a
monitoring medical device. However, in both scenarios, a
physician or other reviewer is provided with an interface and
means to access the patient’s record based upon what type
of device the patient has been prescribed such that the
reviewer can monitor the patient’s physiological informa-
tion.

[0080] For example, such physiological information can
include, without limitation, patient symptom data (e.g.,
patient-reported symptoms and/or automatically detected
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patient information), related cardiac data including prema-
ture ventricular contraction (PVC) count, heart rate infor-
mation, heart sounds data, ECG data (e.g., continuous ECG
data), lung fluid measurements/data, patient thoracic imped-
ance measurements/data, pectoral impedance measure-
ments/data, blood pressure, temperature, blood glucose lev-
els, and blood oxygen levels. For example, the ECG data can
be associated with the patient symptom data. For example,
up to a one minute or more ECG recording can be associated
with one or more patient-reported symptoms as described in
further detail below. For example, the physiological data
may be pre-tagged by the user (e.g., the patient) prior to
transmission. In an example, the patient can input one or
more annotations relating to the physiological information
that is then transmitted along with the physiological infor-
mation.

[0081] For example, the physiological information can be
obtained in the context of implanted or external medical
devices for monitoring and/or providing treatment to a
patient such as the therapeutic and monitoring medical
devices as described above. In some implementations, the
devices are capable of continuous monitoring for cardiac
conditions (e.g., arrhythmias), and may only be briefly
powered down, e.g., to change batteries and/or when the
patient is showering or taking a bath. For example, such
devices are also capable of monitoring other physiological
parameters, such as, blood pressure, temperature, blood
glucose levels, and blood oxygen levels. For example, such
continuous monitoring can extend for periods up to 24 hours
or more. In implementations, continuous monitoring can
extend for long periods of time (e.g., 48 hours, one or more
weeks, months, years, or more). In some implementations,
the medical devices are configured to send physiological
information for patients to remote sites to permit the infor-
mation to be reviewed by a treating physician or other
medical personnel. For example, the information can be sent
pursuant to a request by the patient, the prescribing physi-
cian, or a third party. Alternatively, the information can be
sent based on a medical event. In some configurations, the
information can be sent periodically or according to a
predetermined schedule. In some configurations, the physi-
ological information can be sent as a substantially continu-
ous data stream (e.g., continuous ECG monitoring data that
is sent substantially in real-time), and at the same time,
additional information can be sent pursuant to a request by
the patient, the prescribing physician, or a third party (e.g.,
user-initiated event reporting along with an associated ECG
strip). At the remote site, the information can be presented
to a user in a variety of formats, levels of detail, and/or
permission levels, in accordance with the description herein.
Further, the user can generate reports from the information
in any one of a variety of ways as described below.

[0082] As noted above, external medical devices as dis-
closed herein can include cardiac monitoring and/or thera-
peutic devices including, for example, automated pacing
devices or defibrillators, such as in-facility continuous moni-
toring defibrillators (e.g., for patients that are confined to a
limited space within a facility, such as, within a hospital
environment, to a patient’s room) or outpatient wearable
defibrillators. Such devices can be configured to monitor a
patient for an arrhythmia condition such as bradycardia,
ventricular tachycardia (VT) or ventricular fibrillation (VF).
In the case of therapeutic devices such as pacing and/or
defibrillating devices, if an arrhythmia condition is detected,
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the device can automatically provide a pacing or defibrilla-
tion pulse or shock to treat the condition.

[0083] As noted, medical devices as disclosed herein can
include wearable cardiac monitors and/or defibrillators
(which can include pacing functionality). In some examples,
medical devices as disclosed herein can include implanted
medical devices (e.g., implantable defibrillators or pacing
devices). Devices described herein as non-invasive can be
contrasted with invasive medical devices, such as implant-
able defibrillators or implantable pacing devices.

[0084] Other example external devices capable of inter-
acting with the information displaying systems and methods
disclosed herein and/or techniques described herein include
automated cardiac monitors and/or defibrillators for use in
certain specialized conditions and/or environments such as
in combat zones or within emergency vehicles. Such devices
can be configured so that they can be used immediately (or
substantially immediately) in a life-saving emergency. In
some examples, the automated defibrillators described
herein can be pacing-enabled, e.g., capable of providing
therapeutic pacing pulses to the patient. In an example, the
external medical devices as described herein can be ambu-
latory, e.g.. the device is capable of and designed for moving
with the patient.

Example Therapeutic Medical Device:

[0085] FIG. 1 illustrates an example therapeutic medical
device that is external, ambulatory, and wearable by a patient
9, and configured to implement one or more configurations
described herein. For example, the medical device 1 can be
a non-invasive medical device configured to be located
substantially external to the patient. Such a device can be,
for example, an ambulatory medical device that is capable of
and designed for moving with the patient as the patient goes
about his or her daily routine. For example, the therapeutic
medical device, shown in FIG. 1 as a wearable defibrillator
1, as described herein can be bodily-attached to the patient
such as the LifeVest® wearable cardioverter defibrillator
available from ZOLL® Medical Corporation of Pittsburgh,
Pa. and Chelmsford, Mass. The wearable defibrillator 1 can
be worn by a patient 9 and can include a garment 2 (shown
in phantom in FIG. 1), an electrode assembly 3, and a
monitor 5 operatively connected to the electrode assembly 3.
The garment 2 can be configured as a harness, shirt, or other
apparel and is configured to permit the defibrillator 1 to be
worn on about the torso of the patient 9. The electrode
assembly 3 can be configured to be assembled within the
garment 2.

[0086] Such wearable defibrillators can be typically worn
nearly continuously for two to three months at a time.
During the period of time in which they are worn by the
patient, the wearable defibrillator 1 can be configured to
continuously monitor the vital signs of the patient, to be
user-friendly and accessible, to be as light-weight, comfort-
able, and portable as possible, and to be capable of deliv-
ering one or more life-saving therapeutic shocks when
needed. Non-limiting examples of suitable wearable defi-
brillators are disclosed in U.S. Pat. Nos. 4,928,690; 5,078,
134; 5,741,306; 5,944,669; 6,065,154; 6,253,099; 6,280,
461; 6,681,003; 8,271,082; and 8,369,944, the content of
each of which is incorporated by reference in its entirety.
[0087] With continued reference to FIG. 1, the electrode
assembly 3 can include a plurality of sensing electrodes,
such as sensing electrodes 7a, 7b, 7c, and 7d, which can be
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configured to contact a patient 9 when the wearable defi-
brillator 1 is worn by the patient 9. According to one
example, the sensing electrodes 7a, 75, Tc, and 7d can be
configured to receive ECG signals from the patient 9. For
instance, the sensing electrodes 7a, 75, 7¢, and 7d can be
positioned on the patient 9 to receive ECG signals from a
front-to-back channel and from a side-to-side channel. For
example, the front-to-back (FB) channel can include one of
sensing electrodes 7a, 7b, 7¢, and 7d positioned on the chest
of the patient 9 and another one of the sensing electrodes 7a,
7b, Tc, and 7d positioned on the back of the patient 9. For
example, the side-to-side (SS) channel can include one of
the sensing electrodes 7a, 7b, ¢, and 7d positioned on the
left side of the chest and another one of the sensing elec-
trodes 7a, 7b, 7c, and 7d positioned on the right side of the
chest of the patient 9. In some examples, the sensing
electrodes 7a, 7b, Tc, and 7d can be operatively connected
to a distribution node 11 of the electrode assembly 3.

[0088] Insome implementations, the electrode assembly 3
can also comprise therapy electrodes 13a. 135, and 13c¢
operatively connected to the distribution node 11. The
therapy electrodes 13a, 135, and 13c¢ can be configured to
deliver one or more life-saving therapeutic shocks when
needed. In some examples, the electrode assembly 3 can also
include other sensing electrodes and devices (not shown)
such as, but not limited to, heart beat sensors, accelerom-
eters, and sensors capable of measuring blood pressure,
heart rate, thoracic impedance, respiration rate, heart sounds,
acoustic sensors, audio transducers, and the activity level of
the subject. The monitor 5 can be operatively connected to
one or more of the therapy pads 13a, 135, and 13¢ and
sensing electrodes 7a, 7b, 7c, and 7d via a trunk cable or any
other suitable cable or connection device. Wiring or other
connection devices can be used to connect at least one
portion of the distribution node 11 to the sensing electrodes
7a,7b, ¢, and 7d and therapy electrodes 13a, 13, and 13c.
The monitor 5 can include communications circuitry for
sending data, such as patient physiological information,
from the wearable device 1 to a remote site, such as a remote
network, server, or electronic device.

[0089] In implementations, an example therapeutic medi-
cal device can include an in-hospital continuous monitoring
defibrillator and/or pacing device, for example, an in-hos-
pital wearable defibrillator. In such an example, the elec-
trode assembly (e.g., similar to the electrode assembly 3
described above) can be adhesively attached to the patient’s
skin. For example, the electrode assembly can include
disposable adhesive electrodes. For example, the electrode
assembly can include sensing and therapy components dis-
posed on separate sensing and therapy electrode adhesive
patches. In some implementations, both sensing and therapy
components can be integrated and disposed on a same
electrode adhesive patch that is then attached to the patient.
The electrode assembly can be positioned on the patient in
a similar manner as described above. In an example imple-
mentation, the electrode assembly can include a front adhe-
sively attachable therapy electrode, a back adhesively
attachable therapy electrode, and a plurality of adhesively
attachable sensing electrodes. For example, the front adhe-
sively attachable therapy electrode attaches to the front of
the patient’s torso to deliver pacing or defibrillating therapy.
Similarly, the back adhesively attachable therapy electrode
attaches to the back of the patient’s torso. In an example
scenario, at least three ECG adhesively attachable sensing
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electrodes can be attached to at least above the patient’s
chest near the right arm, above the patient’s chest near the
left arm, and towards the bottom of the patient’s chest in a
manner prescribed by a trained professional.

[0090] A patient being monitored by an in-hospital defi-
brillator and/or pacing device may be confined to a hospital
bed or room for a significant amount of time (e.g., up to 90%
of the patient’s stay). As a result, the monitor 5 user interface
can be configured to interact with a user other than the
patient, e.g., a nurse, for device-related functions such as
initial device baselining, setting and adjusting patient
parameters, and changing the device batteries.

[0091] In implementations, an example therapeutic medi-
cal device can include a short-term continuous monitoring
defibrillator and/or pacing device, for example, a short-term
outpatient wearable defibrillator. For example, such a short-
term outpatient wearable defibrillator can be prescribed by a
physician for patients presenting with syncope. A wearable
defibrillator can be configured to monitor patients presenting
with syncope by, e.g., analyzing the patient’s cardiac activity
for aberrant patterns that can indicate abnormal physiologi-
cal function. For example, such aberrant patterns can occur
prior to, during, or after the onset of symptoms. In such an
example implementation of the short-term wearable defi-
brillator, the electrode assembly (e.g., similar to the elec-
trode assembly 3 described above) can be adhesively
attached to the patient’s skin and have a similar configura-
tion as the in-hospital defibrillator described above.

[0092] For example, the therapeutic medical devices
described above (e.g., the wearable defibrillator, the in-
hospital defibrillator, and the short-term defibrillator) can
protect patients at risk for sudden cardiac death. It can be
used for a wide range of patient conditions or situations,
including following a recent myocardial infarction or coro-
nary revascularization. In one scenario, the wearable defi-
brillator can give caregivers time to optimize medical
therapy and assess a patient’s long-term risk for sudden
death. The wearable defibrillator is configured to continu-
ously monitor the patient’s heart and, if a life-threatening
heart rhythm is detected, the device can issue an alert to the
patient. For example, the monitor 5 can include a touch-
screen for programming as well as patient interaction, and
response buttons for the patient to use when responding to
treatment alerts. If the patient does not respond (e.g., by
holding down the response buttons) the wearable defibril-
lator can deliver a treatment shock to restore normal heart
rhythm.

Example Monitoring Medical Device:

[0093] With reference to FIG. 2A, a monitoring medical
device, for example, a cardiac or patient monitor 20, is
illustrated. The monitor 20 can include a controller 22 that
is communicatively coupled (e.g., wired or wirelessly
coupled) to receive from sensors and/or electrodes 7a-7d
appropriately positioned on patient 9 signals (e.g., ECG data
and/or heart sounds data from an acoustic sensor) indicative
of cardiac activity of patient 9. In some examples, the
sensors and/or electrodes can be an integral part of the
housing structure of the patient monitor.

[0094] In some examples, the patient monitor 20 can be a
cardiac monitor configured to receive cardiac data (e.g.,
ECG data and/or heart sounds data from an acoustic sensor).
In some examples, the patient monitor 20 can, in addition to
cardiac monitoring, perform monitoring of other relevant
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patient parameters, e.g., weight, glucose levels, blood oxy-
gen levels, and blood pressure. The patient monitor 20 can
also include a physiological data processing component 26
for collecting and conditioning the physiological data prior
to storing the data locally at computer-readable storage
media on the monitor 20 itself and/or transmitting the data
to a remote server 25 or device.

[0095] In some examples, the patient monitor 20 can
include motion sensors to track patient movement. In some
examples, the patient monitor 20 can be a handheld device,
such as a smartphone, a personal digital assistant, or a tablet
device, comprising an application capable of receiving and/
or processing patient data, either from internal sensors (e.g.
motion sensors) or external sensors (e.g. wireless or wired
sensors capable of sensing patient parameters, e.g. ECG,
heart sounds, weight, glucose levels, blood oxygen levels,
and blood pressure).

[0096] In some examples, the patient monitor 20 includes
a user interface module 28 that allows the patient to perform
one or more of the following activities: to control aspects of
operation of the device, to manually enter patient informa-
tion (e.g., patient name, age, gender), to manually enter
information about a patient condition, and to initiate sending
information to the remote server 25. The user interface
module 28 can include a visual display 36 and a data entry
accessory 38, such as buttons, trackballs, touchpads, and the
like, for manually entering selections in response to a
prompt from the user interface module 28. In other
examples, the user interface module 28 can include a touch
screen display for displaying information to the user and for
receiving input (e.g., selections) from the user.

[0097] The patient monitor 20 also includes communica-
tion circuitry, referred to as communications module 24, for
communicating with the remote server 25 (e.g., one or more
computer systems) over a communications network. The
patient monitor 20 can also communicate with other devices
which may be a remote handheld device (e.g., a smartphone,
a personal digital assistant, or a tablet device).

[0098] In some examples, the patient monitor 20 can
periodically (e.g., on a preset schedule) establish a wireless
communication (e.g., cellular communication, WiFi or Blu-
etooth) and send data, such as patient physiological infor-
mation, to the server over the network. For example, such
physiological information can include, without limitation,
patient symptom data (e.g., patient-reported symptoms and/
or automatically detected patient information), related car-
diac data including premature ventricular contraction (PVC)
count, heart rate information, heart sounds data, ECG data
(e.g., continuous ECG data), lung fluid measurements/data,
patient thoracic impedance measurements/data, pectoral
impedance measurements/data, blood pressure, temperature,
blood glucose levels, and blood oxygen levels.

[0099] In other examples, the patient monitor 20 can be
configured to aperiodically establish communication with
the remote server 25 for the purpose of sending patient data.
For example, the physiological data can be processed in
accordance to a predetermined standard for transmission and
can be transmitted in a secure HIPAA-compliant manner.

[0100] In other examples, the patient monitor 20 can be
configured to send information to the remote server 25 when
a transmission is initiated by the patient. For example, the
patient can indicate that he or she is experiencing a symp-
tom. As discussed hereinafter, the patient monitor 20 can be
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configured to send physiological information for the time
period when the symptom was experienced to the remote
server 25.

[0101] With reference to FIGS. 2B and 2C, an exemplary
series of screens that can be shown on the visual display 36
of the user interface module 28 are illustrated, which allow
the patient to identify and submit patient symptom informa-
tion. As shown in FIG. 2B, the visual display 36 can provide
a patient with an interactive drop down menu 30 or check list
that includes one or more user-selectable portions for the
patient to select a particular symptom from a list 32 of
options. Options for patient systems can include one or more
of: feeling a skipped beat, shortness of breath, light head-
edness, racing heart rate, fatigue, fainting, chest discomfort,
weakness, dizziness, and/or giddiness. Once the patient
symptom is selected, the user can select a “Continue” button
34 to advance to a second data entry screen. At the second
screen, as shown in FIG. 2C, the visual display 36 can
provide a prompt to the patient asking the patient to identify
his or her level of physical activity when the symptom was
experienced. The patient can select a level of activity from
alist 37 including one or more options, such as resting, light
activity, moderate activity, or rigorous activity. Once the
activity level is selected, the user can initiate a data trans-
mission from the monitor 20 to the remote server and
including relevant physiological information by, for
example, selecting a “Submit” button 39.

[0102] In the context of a patient-initiated data transmis-
sion, for example, in response to the selection by the patient,
the patient monitor 20 can capture a portion of the physi-
ological signal for a period of time when the symptom was
experienced (e.g., in the case of an ECG signal. such a
portion can be in the form of an ECG strip). The patient
monitor 20 can establish communication with the network,
and send the captured portion of physiological information
to the remote server 25. For example, a captured ECG
stream can be a strip of about less than a minute. For
example, a captured BECG strip that is associated with the
symptom information can have a duration of approximately
one minute. In some cases, the ECG strip can have a
duration that is appropriate for the symptom(s) reported by
the patient and/or event detected by the patient monitor 20.
In some situations, it may be appropriate for the ECG strip
recording to be of a duration lasting up to an hour (e.g., in
the event of a recorded atrial flutter).

[0103] In some implementations, the patient monitor 20
can continuously record ECG data, and, at the same time,
also record an ECG strip relating to one or more events of
interest (e.g., patient-reported symptoms). As such, if a
physician wishes to view ECG data for a period of time prior
to or after the recorded ECG strip relating to an event of
interest, such data is available for review from the continu-
ously recorded ECG data stream.

[0104] With reference again to FIG. 2A, in some
examples, the physiological data processing component 26
can be configured to analyze physiological information
recorded by the monitor to identify when an event occurs. A
non-limiting list of possible events that can be identified by
analysis performed by the data processing component 26 of
the patient monitor 20 includes: atrial fibrillation, bradycar-
dia, tachycardia, atrio-ventricular block, Lown-Ganong-
Levine syndrome, atrial flutter, sino-atrial node dysfunction,
cerebral ischemia, syncope, atrial pause, and/or heart palpi-
tations. The data processing component 26 can identify the
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event by performing an analysis algorithm, as is known in
the art, for analyzing the patient physiological information.
For example, to identify atrial fibrillation, the monitor 20
can be configured to analyze a measured ECG signal and
determine an average QR interval for a plurality of preced-
ing beats. The average QR interval or a change in the QR
interval can be analyzed to identify atrial fibrillation events.
Other analysis can be performed on an ECG signal to
identify other events or conditions. In some examples, the
events can be device-related events, such as when the device
detects a battery-related condition, e.g., battery needs to be
replaced, excessive noise, potential misidentification of one
or more physiological parameters, or if one or more self-test
features in the device fails or needs attention. When a
physiological event or condition is identified, the patient
monitor 20 can capture the physiological information related
to the event, establish communication with the network, and
send physiological information related to the event to the
remote server. Similarly, when a device-related event or
condition is identified, the patient monitor 20 can send
diagnostic information relating to the event and/or condi-
tion. In some cases, where the device-related event relates to
anoise event or a possible misidentification of physiological
parameters, the patient monitor 20 can be configured to also
send physiological information collected during the period
of the device-related event for further analysis. Such types
of transmission can be considered event based data trans-
mission.

[0105] In another example, the patient monitor 20 can
send all recorded physiological information to the remote
server. The remote server 25 can manually or automatically
perform the analysis for the events. For example, the patient
monitor 20 can send data in batches at periodic intervals,
such as once an hour or once a day, to the remote server 25
over the communications network.

[0106] In another example, the monitor 20 may continu-
ally communicate patient physiological information in sub-
stantially real-time to the remote server 25 whenever con-
nectivity to the network is present. For example, continuous
data transfer of physiological information can occur sub-
stantially in real-time, and may have brief device-induced
delays, such as delays introduced through electronic switch-
ing. In some examples, the monitor 20 can communicate
patient physiological information with a user-configurable
delay between the time the information is recorded, and sent
and/or delivered to the remote server.

Communications Network:

[0107] With reference to FIG. 3, a communications net-
work 50 for sending physiological information from the
therapeutic medical device (e.g., wearable defibrillator 1)
and the monitoring medical device (e.g., cardiac monitoring
device 20) to one or more remote locations for analysis
and/or review is illustrated. For example, the communica-
tions network 50 can include a reviewer interface module
54, a data processing module 56, and a patient management
server 58. It should be noted that the reviewer interface
module 54, the data processing module 56, and patient
management server 58 can interface in any manner with the
medical devices and/or the data analysis site. For example,
data from the medical devices can first be processed by the
data processing module 56 (e.g., as described below, certain
analysis can be carried out on the incoming physiological
data) and then passed along to the reviewer interface module
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54 for further analysis and interpretation in accordance with
the disclosure herein. Conversely, data can be reviewed by
areviewer via the reviewer interface module 54 before being
processed in the data processing module 56, e.g., reviewer-
edited ECG strips from the reviewer interface module 54 can
be automatically annotated with pertinent information (e.g.,
patient information and/or interpretation tools) and sent to
the patient management server 58.

[0108] Insome configurations, the data processing module
56 can operate independently of the reviewer interface
module 54. For example, the data processing module 56 can
analyze data from one type of device, e.g., the therapeutic
medical device (such as wearable defibrillator 1), and send
any analysis, data, and/or reports to the patient management
server 58.

[0109] The communications network 50 can include a
wired network, a long range wireless network (WiFi), a
short-range wireless network (BLUETOOTH®), a cellular
network, and/or combinations thereof for transmitting data
from the medical devices 1, 20, between the modules 54, 56,
58, and to the patient management system 60. As described
above, the medical devices 1, 20 can send information over
the communications network 50 either substantially continu-
ously or on a preset schedule, based on a request by the
patient, automatically based on identification of an event on
the device, and/or based on a request from a remote party
such as a treating physician.

[0110] Inan implementation, the following process can be
used for uploading data from the cardiac monitor (e.g.
medical devices 1, 20) to a server at a remote location (e.g.,
the communications network 50 and/or the patient manage-
ment server 58). For example, the cardiac monitor 20 can
perform an HTTP POST to upload the data, e.g., in the form
of one or more electronic files. The cardiac monitor 20 can
upload the files into event directories on the patient man-
agement server 58, e.g., categorized by a type of the file such
as “event,” “ECG,” and/or “Report.” One or more file
parsing functions can be called to parse the files for extract-
ing and storing the data in one or more tables in a database
on the patient management server 58. For example, events
data can be stored in an events table within a database
located on the patient management server 58. In a similar
manner, ECG data can be stored within an ECG table, data
collected from other types of sensors, detector, or monitors,
can be stored in other appropriate tables, and reported,
analyzed, or processed data, that includes events identified
by processing algorithms, can be stored in respective reports
tables.

Reviewer Interface Module 54:

[0111] With continued reference to FIG. 3, the reviewer
interface module 54 can be configured to receive informa-
tion from the medical devices 1, 20 and, in some examples,
to transmit the received physiological information to a data
analysis site 52 for review by a technician or reviewer. At the
data analysis site 52 (e.g., a mobile telemetry center or
system) the patient physiological information collected by
the medical devices 1, 20 is manually reviewed by the
technician or reviewer and analyzed for the purpose of
identifying and/or confirming any of a number of patient
conditions and/or events. For example, events that can be
reviewed by the reviewer can include one or more of the
following: atrial fibrillation, bradycardia, tachycardia, atrio-
ventricular block, Lown-Ganong-Levine syndrome, atrial
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flutter, sino-atrial node dysfunction, cerebral ischemia, syn-
cope, atrial pause, and/or heart palpitations.

[0112] The data analysis site 52 can be implemented as an
end user terminal operably attached to a remote server or
directly connected to, for example, the reviewer interface
module 54 and the data processing module 56. For example,
the data analysis site 52 can be located at a manufacturer of
medical devices, or at a data analysis vendor or other similar
vendor contracted by or otherwise associated with the device
manufacturer.

[0113] In some examples, the reviewer can access the
reviewer interface module 54 through an end user terminal
that can include, but is not limited to, any one of a:
workstation, desktop computer, tablet, smartphone, and/or
personal digital assistant. Based upon the desired function-
ality of the end user terminal, the terminal can include, for
example, multiple displays such that the reviewer can run
multiple applications for viewing reports related to distinct
medical devices. Similarly, the end user terminal can be
configured to run multiple instances of the same application,
each instance accessing information or reports related to a
different medical device. For example, a reviewer can
launch a first instance of the application to view reports
related to patients that have been prescribed a therapeutic
medical device and launch a second instance of the appli-
cation to view reports related to patients that have been
prescribed a monitoring medical device. The reviewer can
launch the first and second instances of the applications
during a single reviewing session, thereby providing the
reviewer with the option of switching between the instances
to view the two groups of patients, ie.. a first group
including patients prescribed a therapeutic device and a
second group including patients prescribed a monitoring
medical device. In certain implementations, the end user
terminal can be configured to open multiple instances upon
opening the application such that the reviewer has access to
all groups of patients. In some examples, the end user
terminal can be configured to launch a single instance in
response to a user selection of which group of patients to
access. Upon selecting another group to review, the end user
terminal can be configured to launch another instance of the
application.

[0114] In certain implementations, the reviewer can
review all the information transmitted by a medical device
1, 20 or monitor during a cardiac monitoring study. For
example, the reviewer can use the reviewed data to generate
reports that are then sent to the patient management system
60. For example, the reviewer interface may include one or
more of patient and/or event information, display tools,
editing tools, and ECG graphs and related tools.

[0115] The technician or reviewer prepares a patient report
based on the obtained physiological information. In prepar-
ing the report, the technician or reviewer can, for example,
manipulate relevant portions of the physiological informa-
tion to make relevant portions of physiological information
easier for the end user to identify and review. The technician
or reviewer can also edit portions of data, such as segments
of an ECG signal, and provide annotations about which
portions of the ECG show different types of events. The
report can also include other patient information and/or
statistics determined from the total monitoring period (e.g.
percentage of time in a particular cardiac condition, total
patient wear time, etc.). Other statistics or metrics that can
be included in the patient report can include, for example,

Nov. 24,2016

percentage of time in atrial fibrillation, percentage of time
with bradycardia, percentage of time with tachycardia, aver-
age heart rate, most common symptom reported by the
patient, number of identified events, and a number of
treatments by a therapeutic medical device.

[0116] In an example, the technician or reviewer can
prepare the patient report in the following manner. At the
data analysis site 52, a work queue can be populated based
on the received medical device date (e.g., data from a
plurality of cardiac monitors), each assigned to a different
patient. For example, the reviewer may use the work queue
to prioritize and/or sort through work items for review. The
reviewer may log into a user account at the data analysis site
52, and may be able to customize an appearance of the
interface for reviewing the work items. In some examples,
the reviewer may be able to perform a search for a patient
of interest, event or record of interest, a name of the reviewer
assigned to handle the work item, or any of the other
available data fields. For example, the work queue may
present information under one or more of the following
headers: a device serial number, patient identification,
patient name, patient date of birth, data and time for the
record, a number of events within the record, a status of the
record (e.g., under review, un-reviewed, or reviewed), and a
name of the reviewer assigned to handle the record. For
example, the assigned field can also list information regard-
ing the patient’s caregiver and/or other prescriber informa-
tion. In some examples, one or more order details that can
be associated with the patient and/or the monitoring device,
such as, a phone number, a gender of the patient, whether or
not the patient has a pacemaker, implantable defibrillator, an
entry indicating a duration of need for the monitoring
device, and an indication or patient history of bradycardia
and/or tachycardia.

[0117] In some examples, the reviewer can also review
patient/event information including patient data and/or event
descriptions. For example, an event description can include
atype of event (e.g., atrial fibrillation onset, atrial fibrillation
offset, tachycardia onset, tachycardia offset, bradycardia
onset, bradycardia offset, a pause in the monitoring, a
manually patient-initiated event, and a doctor-requested
event, such as when a caregiver requests the patient to
perform an action, or where the event is remotely triggered
on by or on behalf of the caregiver). In an implementation,
the event that the medical device 1, 20 detected can be
automatically displayed to the reviewer as the default. If the
reviewer, on reviewing the event, decides the detected event
is incorrect or not an event, he or she can select the correct
type event from, e.g., a drop-down list. When a new event
is selected, in some examples, a confirmation pop-up screen
can be displayed. After change is confirmed, the current
event type can be crossed out and the new type displayed. In
this manner, when a report is generated, the physician can
see the original event, and the reviewer’s changes and any
explanations, if necessary.

[0118] In some implementations, symptom information
can be collected and displayed as described herein. In the
case of a patient-indicated event, as discussed above in
connection with the patient monitoring devices, the patient
may select a symptom to go with the ECG recording.
Similarly, in the case of a patient-indicated event, the patient
may select an activity level (e.g., resting, light, moderate, or
rigorous activity) to go with the ECG recording. The patient
selections can be displayed to the reviewer and, optionally,
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can be included in notes or annotations associated with other
portions of the patient report.

[0119] Based on the reviewed information, the reviewer
prepares the one or more patient reports to be forwarded to
the end user. In some examples, one or more editing and
viewing tools can be provided to aid the reviewer in editing
the ECG and viewing the ECG from different views (e.g., by
applying one or more filters and/or changing a speed or
amplitude). For example, default values can be set for the
views and ECG parameters. For example, the default speed
for ECG review can be 25 mm/s. For example, the default
amplitude can be 1 mv/10 mm. For example, a filtering
function can include options such as low pass (50 Hz), high
pass (0.5 Hz), or Notch (60 Hz). In this manner, the ECG
reviewer may be able to view obscured points on the ECG.
Other tool/features include, an ability to invert trace on the
ECG strip, toggle the ECG grid, and/or reset the views to the
default values. With respect to editing tools, the reviewer
may be able to mask (partially or completely obscure a
section of ECG without removing it completely, for
example, to indicate that the section has noise or otherwise
should not be considered for review), label the R beats
between reference points, automatically guide points to the
closest R peaks on the graph, perform a manual measure-
ment of a single-beat heart rate, measure a PR interval,
measure a QRS complex, and/or measure a QT interval. The
reviewer may be able to view any single one or combination
of three ECG leads. For example, the lead can be labeled
Lead 1, Lead 11, and Lead ITI. Once a report is completed,
the data analysis site 52 and/or reviewer interface module 54
can transmit the report to the patient management server 58
and/or to the patient management system 60 for review by
the end user.

Data Processing Module 56:

[0120] Physiological information from the medical
devices 1, 20 can also be transmitted directly or indirectly to
the data processing module 56. In some examples, the data
processing module 56 can be configured to automatically
analyze the physiological information, such as portions of an
ECG signal, using algorithms that provide an indication of
patient status and/or cardiac function. For example, a non-
limiting list of statistics that can be calculated based on a
measured ECG signal include: premature ventricular con-
traction (PVC) count, heart rate information, heart sounds
data, ECG data (e.g., continuous ECG data), lung fluid
measurements/data, patient thoracic impedance measure-
ments/data, pectoral impedance measurements/data, blood
pressure, temperature, blood glucose levels, and blood oxy-
gen levels. The calculated statistics can be included in a
separate automatically generated patient report. Alterna-
tively, statistics calculated by the data processing module 56
can be forwarded to the reviewer or reviewer interface
module 54 and can be combined with the manually prepared
patient report. The reviewer can also use the statistics during
his or her review of the acquired physiological data.

[0121] In some examples, the data processing module 56
can be configured to apply predictive algorithms to the
measured physiological information to provide an estima-
tion or prediction for occurrence of a potential medical event
for a subject within an associated period of time. The
estimation or prediction can be provided in the form of a risk
score which can be based on, for example, physiological
measurements extracted from the ECG signal including
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heart rate variability, PVC burden or counts, activity, noise
quantifications, atrial fibrillation, momentary pauses, heart
rate turbulence, QRS height, QRS width, changes in the size
or shape of the morphology, cosine R-T, artificial pacing,
corrected QT interval, QT variability, T wave width, T wave
alternans, T-wave variability, ST segment changes, early
repolarization, late potentials, fractionated QRS, or fraction-
ated T wave content. The risk score can indicate, for
example, that a patient condition is generally improving,
worsening, or remaining stable. Further, risk score values
can be used to determine an appropriate course of treatment
or, for example, to determine or suggest whether a patient
should be admitted or, if already admitted, should remain in
a hospital.

Patient Management Server 58:

[0122] Once the report is prepared by the reviewer or
automatically created at the data processing module 56, it
can be sent to the patient management server 58 for pro-
cessing and can be accessed by the end user through the
patient management system 60. In some examples, data
from the medical devices can be routed to the patient
management server 58 with minimal or no processing at
either the reviewer interface module 54 or the data process-
ing module 56.

[0123] For convenience, the information or document
provided to the end user is referred to herein as a patient
report. However, it is understood that, in some examples,
data and/or physiological information can be sent directly
from the medical devices 1, 20 to the patient management
server 58 without being analyzed, edited, or modified at
modules 54, 56. Thus, in some examples, raw or un-
analyzed physiological data can be provided to the patient
management system 60. In other examples, the measured
physiological information can undergo limited filtering or
processing to improve readability or clarity, but further
analysis of the measured data 1s performed at the patient
management system 60 either automatically or manually by
the user. In still other examples, the patient report can only
include a particular subset of physiological information that
would be of interest to the end user. In still other examples,
the report can include only analysis, such as a percentage of
time in atrial fibrillation, and no actual physiological data as
collected by the medical device.

Patient Reports:

[0124] Patient reports can include various elements and/or
information fields based on the needs and/or preferences of
a particular end user. Examples of common report elements
include one or more of: dates of service (e.g., the period for
which the device was ordered to be worn), date/time within
the wear period to which the report refers (applies to daily
reports, event reports, and physician requested reports),
patient identifying data (e.g., patient name, sex/gender, date
of birth, and/or phone number, if any), prescribing physician
information (e.g., physician’s name, office contact informa-
tion, a reason for prescription, and, if available, one or more
medical order code(s), and/or any description of “symp-
toms” provided by the physician in the order).

[0125] In some examples, the patient report can include
technician’s notes, e.g., any general notes that the technician
makes when reviewing the event in question. The report can
also include ordering physician’s notes. For example, it may
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also include a signature line and date line for the physician.
The physician may be able to fill in these elements elec-
tronically (e.g. through the delivered .pdf or via a web
interface prior to report generation and delivery). For each
event captured during the report period, the ECG strip
associated with all events taking place during the reporting
period can be included in the report.

[0126] Insome examples, the physician (or other reviewer
of the patient report) can be, in a report based on the
recorded ECG data received from the patient monitor 20,
provided with a few seconds (e.g., fewer than 5-10 seconds)
of ECG data relating to an ECG strip of interest. In an
implementation, the physician can be provided a few sec-
onds (e.g., fewer than 5-10 seconds) of data at the beginning
or an end of the recorded ECG strip. For example, the
physician can be provided 1-2 seconds of an ECG strip
indicating atrial flutter, which, in some situations could last
for an hour or more. As discussed hereinafter in connection
with the patient management system 60, the physician may
customize the amount of information he or she would like to
view based on the cardiac condition, e.g., a cardiac arrhyth-
mia condition such as ventricular tachycardia or ventricular
fibrillation. For example, the physician can set within his or
her user profile (associated with a user account on the
system) certain preferences regarding the ECG data and may
customize one or more reporting parameters associated with
the data. As an example, the physician can indicate that he
or she prefers only the first 10 seconds of an ECG strip
associated with some or all of events of interest. If the
physician later wishes to view more ECG strip data, he or
she can cause the system to display the additional informa-
tion. For example, the request for the additional ECG strip
data can be manually processed by a technician and/or a
reviewer. In some cases, the request for additional ECG strip
data can be automatically processed by the system based on,
for example, the physician’s preset preferences or the phy-
sician’s associated level of data access (e.g., based upon a
determination that the physician has applicable security
credentials associated with their account to access the addi-
tional data).

[0127] With continued reference to FIG. 3, as previously
discussed, the patient reports can be provided to the patient
management system 60 either periodically or at aperiodic
intervals, such as in response to a particular event or action
by the patient, treating physician, or another interested party.
For example, reports can be generated and provided to the
patient management system 60 in response to a specific
event (as opposed to being generated on a regularly-occur-
ring basis or the end of device use), and delivered to the
reviewing physician. In some examples, one or more trig-
gering events can be as follows: Atrial Fibrillation, Tachy-
cardia, Bradycardia, Pause, Patient-initiated, and Baseline.
[0128] In some examples, physicians are able to request
reports corresponding to a specific time frame during device
use. The time frame of these reports may or may not
correspond to a manual or automatically triggered event.
[0129] In some examples, for each day of cardiac moni-
toring use, a summary report can be compiled and delivered
to the physician including information on automatic and
patient-triggered cardiac events as well as daily ECG met-
rics.

[0130] In some examples, end of use reports can be
compiled upon completion of a cardiac monitoring service,
summarizing cardiac event findings and ECG trending met-
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rics over the entire wear period. Such reports can summarize
all findings during the report period (e.g., throughout wear
time).

[0131] As discussed herein, the patient management sys-
tem 60 is configured to receive patient reports for different
patients and to allow the end user to view the reports based
on various selecting criteria or other factors. For example,
the patient management system 60 can be configured to
receive patient reports from different types of monitoring
devices, from patients suffering from a variety of different
physiological conditions, and/or for patients associated with
different locations or hospitals. The patient management
system 60 allows the end user to select which types of
reports are viewed at a particular time.

Patient Management System:

[0132] Having described the therapeutic and monitoring
medical devices 1, 20 and communications network 50, the
patient management system 60 will now be discussed in
detail. As discussed above, the patient management system
60 allows a reviewer, such as a prescribing physician, a
caregiver, or his/her office staff, to control the order and
contents of patient reports to review. For example, as dis-
cussed herein, the reviewer can select to review information
from a particular class of medical devices (e.g., a therapeutic
device or a monitoring device), can display only reports
generated based on particular patient symptoms or events,
and/or can customize the order or types of data presented.
[0133] The patient management system 60 can be imple-
mented as an end user terminal operably attached to a remote
server such as patient management server 58 as shown in
FIG. 3. In some implementations, the patient management
system can be an end user terminal configured to access a
first server (e.g., in a hospital or physician’s office) to
establish a local area network connection. The first server
can be configured to operably connect to the remote server
such as patient management server 58 as shown in FIG. 3.
[0134] The end user terminal can be a computing device
implemented as, for example, a desktop workstation, a
laptop computer, a mobile device such as a smartphone or
tablet computing device, and/or other similar computing
devices. Based upon the desired functionality of the end user
terminal, the terminal can include, for example, multiple
displays such that the reviewer can run multiple applications
for viewing reports related to distinct medical devices.
Similarly, the end user terminal can be configured to run
multiple instances of the same application, each of the
instances accessing information or reports related to a dif-
ferent medical device. These examples are discussed in
greater detail with respect to FIGS. 4A and 4B.

[0135] In certain implementations, the patient manage-
ment system 60 can include multiple software modules or
applications that are independently configured to access data
related to different medical devices from, for example, a
common or shared databased stored on the patient manage-
ment server 58. For example, the patient management sys-
tem 60 can include a wearable defibrillation report applica-
tion that can be configured to access the patient management
server 58 and obtain patient reports (or portions of patient
reports) related to patients currently prescribed wearable
defibrillators. Similarly, the patient management system 60
can include a cardiac monitor report application that can be
configured to access the patient management server 58 and
obtain patient reports (or portions of patient reports) related
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to patients currently prescribed cardiac monitors. Such an
arrangement provides for a clear separation of device-
specific information and can provide a person reviewing the
patient reports (e.g., an attending physician) with a mecha-
nism to quickly filter the data included in the patient reports
based upon prescribed device.

[0136] In certain examples, access to the patient records
can be determined and filtered based upon what type of
security access the person reviewing the patient reports has
been assigned. For example, a review (e.g., an attending
nurse) can have a lower security level associated with their
account than another reviewer (e.g., a physician). In such an
example, the lower security level viewer can access only a
portion of the patient’s report. Additional examples of
accessing patient reports are provided in the following
discussions.

[0137] With reference to FIG. 4A, the patient management
system 60 can include one or more computing and/or
electronic devices 80 having a user interface 62, such as a
visual display or touch screen, for presenting information to
the end user and for receiving selections from the end user,
a controller or processor 64 for performing instructions for
operating the user interface 62 and for presenting informa-
tion to the end user, and communications circuitry 66 for
receiving the patient reports from the communications net-
work.

[0138] Insome examples, the patient management system
60 can be distributed in the form of an application (e.g., a
mobile device app) that can be executed in a smartphone
environment (e.g., Android and/or iOS). For example, a
patient management interface for accessing all or some of
the portion of the physiological data and/or associated
reports in accordance with the principles described herein
can be deployed on one or more of a handheld personal
digital assistant, tablet device, or a computer workstation.

[0139] The electronic device 80 can be a dedicated elec-
tronic device configured for the purpose of providing patient
reports to the end user. Alternatively, the device 80 can be a
multipurpose electronic device such as a computer, laptop
computer, tablet PC, smart phone, or similar device config-
ured to execute installed software or to access non-down-
loadable software from a remote network or the Internet. In
some examples, the electronic device can be configured to
access a website (e.g., a webpage portal) for organizing,
selecting, and viewing the patient reports.

[0140] In some examples, the communications circuitry
66 can also send or forward reports to other interested
individuals for additional review. For example, the commu-
nications circuitry 66 can be configured to transmit reports
to co-workers, office staff, or to caregivers (including the
patient’s relatives) that are responsible for a particular
patient. Similarly, the communications circuitry 66 can be
used to forward patient reports to other servers or networks,
such as to a hospital patient database, hospital pharmacy or
inventory database, or other networks, servers, or databases
that include and/or store patient information.

[0141] As shown in FIG. 4B, a single electronic device 80
can be configured to run multiple instances 63 of the same
application for displaying received physiologic information.
In certain implementations, a single instance 63 of the
application can be configured to access reports for a single
medical device type. As such, by configuring a single
electronic device 80 to run multiple instances 63 of the same
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application, a single reviewer can simultaneously review
information related to multiple medical device types.
[0142] As shown in FIG. 4B, both instances 63 of the
application can be shown on the user interface 62 at the same
time. However, based upon the device type, the size and
orientation of the user interface 62, the processing capabili-
ties of the controller 64 and the available bandwidth of the
communications circuitry 66, the electronic device 80 can be
configured to show a single instance 63 of the application at
a time, providing the reviewer with the ability to switch
between instances to access additional information. For
example, if the reviewer is accessing the information on a
smartphone, the size of the screen (e.g., user interface 62)
and the available processing power (e.g., of controller 64)
may result in the reviewer viewing a single instance of the
application at a time, and flipping between instances of the
application as desired.

[0143] It should be noted that two instances 63 of the
application running as shown in FIG. 4B is by way of
example only. In come implementations, additional
instances 63 of the application can be running simultane-
ously, depending upon how much information the reviewer
is accessing (or wants to access) at the time. For example, if
a specific physician prescribes three medical devices (for
which they can access automated reports), the physician can
initiate three instances of the application, one for each
medical device they prescribe. The physician can then
review all three instances of the application at, or nearly at,
the same time.

Display Information Based on Device Type:

[0144] In some examples, and with reference to FIG. 5, the
end user can select to display a list of patient reports based
on the type of medical device that provides the underlying
physiological information. More specifically, as shown in
FIG. 5, the patient management system can receive 110
patient reports from a plurality of medical devices. In certain
implementations, the patient report can identify the type of
medical device that provided the physiological information.
In some examples, instead of receiving an entire patient
report, the patient monitoring system can receive a notifi-
cation including a list of patient reports that are available on
the patient management server, and which can be down-
loaded from the server for review by the end user when
needed. In still other examples, the patient monitoring
system can be configured to periodically send requests for
available reports to the server and, in response to the request,
can receive either all available patient reports as a batch
download or can receive the list of available reports as
described above.

[0145] The patient management system can receive 112 a
user selection indicating the type of medical device for
review. For example, the end user can select to display
patient reports for all patients regardless of type of medical
device worn. Alternatively, the end user can select to show
only physiological information collected from a particular
type of medical device, such as a therapeutic medical device,
and not from a second type of medical device, such as a
monitoring medical device. Based upon the user selection,
the patient management system can populate 114 a list of
available patient reports. The patient management system
can display 116 the patient report list to the end user. For
example, the populated list can be in the form of a patient
queue, e.g., an order in which the user (e.g., a physician
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and/or caregiver) may opt to review and address patients and
their related data. For example, the patient queuve can include
the patient’s name or identifying number, along with other
information including a number or type of cardiac events
reported. The patient management system can receive 118 a
user selection of one or more patient reports to review. For
example, the end user may select a patient report to review
by, for example, clicking on a particular patient name. The
end user can also begin with the first name on the list and
toggle through each report in sequence.

[0146] With reference to FIG. 6A, a schematic drawing of
a menu that could be shown to a user to select the type of
device to review is provided. As shown in FIG. 6A, the end
user can be provided with a drop down menu 120 of types
or classes of medical devices that the patient monitoring
device (e.g., device 20 as shown in FIG. 3) can receive
information from. The end user can direct an arrow or other
icon over the drop down menu 120 to select the desired class
of medical devices.

[0147] With reference to FIG. 6B, once the selection is
made, the end user can be provided with the patient queue
122 showing patient reports available for review and match-
ing the selected criteria (e.g., patient reports for patients
assigned the device selected by the user in menu 120). A
screen capture with an exemplary patient queue 122 is
shown in FIG. 6B. In one example, the patient queue 122 can
include a patient name column 124, as well as columns for
other patient identifying information, such as patient date of
birth 126, treating physician 128, whether or not a treatment
has been provided 130 (and number of such treatments, if
applicable). The patient queue 122 can also include an
indication, for each patient report, of what class or type of
medical device provided the physiological information. For
example, as shown in FIG. 6B, the indication can be in the
form of text, such as a letter (e.g., “T” for therapeutic
medical device and “M” for monitoring medical device). In
other examples, the indication can be an icon, such as a
Lifevest® logo to indicate that the physiological information
was recorded by the Lifevest® wearable defibrillator or a
picture of the type of medical device that provided the
physiological information. Columns related to number or
duration of other alerts, patient identified symptoms, and the
like can also be included in the list. As shown in FIG. 6D,
a patient queue 122 can also include patient reports for
patients using different types of medical devices. In that
case, the end user is able to easily determine which type of
medical device was worn by the patient by viewing the
indication or icon associated with each report in the patient
queue 122. In certain implementations, a patient’s entry in
the patient queue 122 can provide an indication that a patient
was prescribed multiple devices. For example, a single
patient entry can include multiple type indicators (e.g.,a T
and an M), indicating that the patient transitioned from one
device to another. The patient can have two or more asso-
ciated reports (e.g., one report for each prescribed device) or
a single combined report. By providing such a feature, a
reviewer such as the treating physician can see any changes
in the treatment plan for a specific patient.

[0148] In some implementations, a medical device as
described herein can be configured to include a cardiac
monitor that is optionally fitted with a therapeutic portion
(e.g., defibrillation and/or pacing components and elec-
trodes). For example, initially, a patient may be prescribed
a cardiac monitor without a therapeutic portion for a period
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of time during which a caregiver may remotely monitor the
patient in accordance with the principles described herein.
For example, a caregiver may request to be notified if the
patient experiences one or more cardiac or physiologic
events, such as, atrial flutter, atrial fibrillation, tachycardia
(e.g., based on a configurable trigger between 130 to 190
beats per minute), bradycardia (e.g., based on a configurable
trigger between 35 to 50 beats per minute), or a pause. In
some examples, the patient may have the ability to initiate
a self-reported event, e.g., a skipped beat, shortness of
breath, light headedness, racing heart, fatigue, fainting,
and/or chest discomfort. Such patient-reported events may
also trigger an alert to the caregiver. After a period of time
has passed, the caregiver may determine that the patient
should be prescribed the therapeutic portion of the medical
device, for example, to ensure that the patient is continu-
ously protected in the event of a cardiac arrhythmia. The
patient management service 58 is updated with the new
device status and type information to indicate that the device
has changed to a treatment device (e.g., M can be changed
to T). The patient can then be monitored in accordance with
predetermined cardiac arrhythmia monitoring criteria,
which if detected, can cause the device to issue one or more
therapeutic shocks to the patient.

[0149] With reference to FIG. 6C, once the end user
selects a report to review, a patient report 132 is shown on
the patient management system. As discussed above, the
patient report may have already been downloaded from the
server to the patient management system and stored locally
at computer readable memory on the computer device, or the
patient report can be accessed directly from the server. The
report 132, a schematic drawing of which is shown in FIG.
6C, can include patient identifying information 134, such as
the patient name, date of birth and other fields as described
above. The report 132 can also include numerical indicators
based on physiological information recorded by the medical
devices. For example, the report 132 can include numerical
values for patient total wear time, percentage of time in atrial
fibrillation, percentage of time with bradycardia, percentage
of time with tachycardia, average heart rate, most common
symptom reported by the patient, number of identified
events, and, if applicable, a number of treatments by a
therapeutic medical device. In some examples, the report
132 can include graphs 136 of the measured physiological
signal (such as a patient ECG) that show physiological
reading when events of interest occurred. The graphs 136
can include annotations, edits, or highlighting manually
entered by a reviewer at the data analysis site to call
attention to particular events of interest. The report 132 can
also include other graphs, such as histograms or bar charts,
showing, for example, total wear time per day or percentage
of time in atrial fibrillation, bradycardia, or tachycardia per
day. The report can be received in any of a variety of
electronic formats such as, for example, .pdf format or an
interactive format such as html.

Triage Patient Reports Based on Patient Status:

[0150] Insome examples and with reference to FIG. 7, the
end user can select patient reports shown in the patient queue
based, for example, on an identified patient symptom or type
of event. In some other examples, the view can be based on
when the information and/or report was received or gener-
ated, or on the duration or amount of patient data used to
generate the patient report (e.g., a previous 24 to 36-hour
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period, two days, a week, month, or more). In some
examples, the patient queue can be organized on the basis of
whether a treatment was provided, and, if so, when and in
what manner. In some implementations, the physician may
triage on the basis of whether a patient has experienced a
particular event, such as viewing reports for patients that
experienced a glucose spike. In other implementations, a
physician can choose to triage reports based on whether or
not the associated ECG was edited/reviewed by a technician
prior to delivery. In other examples, a physician and/or
caregiver can triage on the basis of patient age, gender,
patient location (e.g., neighborhood where the patient lives,
hospital where the patient is currently admitted, etc.), or on
administrative or non-medical factors, such as viewing
patient reports for patients that the physician is scheduled to
examine or meet with that day.

[0151] As discussed above, in one implementation, the
patient is able to enter a symptom that he or she is experi-
encing using a user interface on the therapeutic or monitor-
ing medical device itself. For example, the patient can
identify one or more of the following patient symptoms:
feeling of a skipped beat, shortness of breath, light headed-
ness, racing heart rate, fatigue, fainting, chest discomfort,
weakness, dizziness, and/or giddiness. A patient event can
be identified automatically by the medical device and can
trigger a data transmission to the remote server or commu-
nications network. The event can be confirmed by manual
review at the data analysis stage (e.g., by a technician or
reviewer as described above). Exemplary events that can be
identified using the medical devices include: atrial fibrilla-
tion, bradycardia, tachycardia, atrio-ventricular block,
Lown-Ganong-Levine syndrome, atrial flutter, sino-atrial
node dysfunction, cerebral ischemia, syncope, atrial pause,
and/or heart palpitations.

[0152] As shown in the sample process illustrated in FIG.
7, the patient management system can receive an end user
selection of, for example, a patient symptom, event, or class
of events. In certain implementations, the end user can select
210 one or more filtering criteria from a drop down menu
including, for example, newly received atrial fibrillation
events, newly received tachycardia events, newly received
bradycardia events, new patient initiated reports (e.g.,
reports generated based on a symptom identified by the
patient), un-reviewed reports, or other characteristics or
fields. Once the selection is received from the user, the
patient management system can generate 212 a patient
queue that includes patient reports satisfying the selected
criteria. Once the patient queue is generated, the patient
management system can receive 214 an end user selection
for one or more patient reports to review in the manner
described above in connection with, for example, FIG. 5. In
this way, the end user is able to triage or categorize a number
of reports and to review or address only reports that are of
particular interest. Once the reports in the initial queue have
been reviewed, the end user can select to review other
reports by, for example, choosing other selection criteria.

[0153] In some examples, the system is configured for the
user to enter default selections for viewing or triaging
patient reports. The default selections can be stored on a user
profile on the patient management system, the patient moni-
toring server or patient monitoring system. In this way,
received reports are automatically triaged or listed in an
order determined based on the user’s default settings or
personal preferences. In this manner, these settings can be
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saved from session to session and the end user (e.g., phy-
sician or caregiver) need not specify them repeatedly.

[0154] With reference to FIG. 8, a screen capture of a drop
down menu 220 for selecting an event for generating the
patient queue is illustrated. As shown in FIG. 8, the patient
management system can provide the end user with a list 222
of possible events that can be selected. The list can include,
for example, a set of events 224 resulting from physiological
event associated with the patient, a patient-initiated event
226, or a caregiver (e.g., a nurse) initiated event 228 such as
a pause in monitoring activities. The end user selects the
desired event by, for example, moving an arrow or indicia
over the desired text. The end user can enter the selection by,
for example, clicking on text describing the category of
interest. The user can also choose to receive reports based on
patient initiated data transfers, which occur when the patient
identifies that he or she is experiencing a relevant symptom.
The patient queue is then generated. As discussed above, in
connection with FIG. 6B, the user can review the patient
queue and select to view reports for specific patients. The
end user can also review all reports in the patient queue in
order. An exemplary patient report that can be reviewed by
the end user is illustrated, for example, in FI1G. 6C.

Patient Report Customization:

[0155] Insome examples and with reference to FIG. 9, the
end user can also customize the types or fields of informa-
tion that are displayed in a patient report for a particular
patient or class of patients. For example, the end user can set
his/her preferences within a user account. In this manner, the
information is associated with the end user profile and the
end user does not have to re-enter his or her preferences
again.

[0156] For example, as shown in FIG. 9, the patient
management system can provide the end user with a list of
fields of information. The end user can select fields of
particular interest. The user’s selections can be stored in a
user profile and can be applied to each received patient
report so that the user is not required to re-enter each
selection for each report or during each new session. As
such, when the user starts a new session, the patient man-
agement system can receive 310 the user selection of the one
or more fields of interest.

[0157] Once the field or fields of interest are manually or
automatically selected, and received by the patient manage-
ment system, the patient management system can generate
312 the patient queue including the desired customized
patient reports (as determined based upon the user selected
fields of interest). In some examples, the patient queue can
be ordered or arranged based on a particular information
field. For example, patient reports showing the highest levels
or rates of a particular value can be shown first in the list.
Accordingly, in one example, patient reports for patients that
had the greatest percentage of time in atrial fibrillation,
bradycardia, and/or tachycardia are shown first in the patient
queue. Patient reports reporting a lower percentages of time
in atrial fibrillation, bradycardia, and/or tachycardia appear
lower in the patient queve. As in previously described
examples, the patient management system can receive 314
an end user selection of one or more generated reports to
review. Based upon the selection, the patient management
system displays 316 the selected one or more reports for the
user to review.
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[0158] In some examples, the selection of which fields to
include in a customized report can be determined automati-
cally by the patient management system. Similarly, the
selection of which patient reports appear in the patient queue
can also be automatically determined based upon, for
example, what type of viewer application the end user is
using or an access level that has been assigned to the user.

[0159] For example, the patient management system can
select information fields based on the user reviewing the
report (e.g. the user’s role and their associated level of
access). For example, if the user is a prescribing physician,
the report can include information showing changes in
patient condition over time (e.g., information showing an
evolution of patient status). However, if the end user is a
nurse or caregiver, the report can only include information
about the patient’s current condition so that the nurse or
caregiver can provide appropriate care. As such, the nurse
does not have access to the entire patient record that is
available to the physician.

[0160] The patient management system can also select
information fields or reports to review based on the user’s
location. For example, if the end user is a prescribing
physician, the monitoring device can identify the physi-
cian’s current location and can only provide reports for
patients that the physician sees at the identified location. For
example, if the treating physician sees patients in a number
of different hospitals, the patient management system can be
configured to only provide patient reports for patients in the
hospital where the physician is presently working. The
patient management system can be configured to selectively
filter the patient records database based upon a location field
(e.g., a field including a name or code representing the
hospital or other facility the patient is currently staying at)
to provide a physician with a listing of their patients at one
specific location. In addition, the patient management sys-
tem can be configured to automatically forward patient
reports to nurses and/or support stafl at the particular hos-
pital where the physician is working, but not to other
hospitals where, for example, the physician is at other times.

[0161] Insome examples, the patient management system
is configured to allow the end user to set up alerts for specific
patients or for a subset or class of patients. As discussed
above in connection with triage of patient reports, the alert
fields selected by the user can be stored in a user profile and
applied to all received patient reports. In this manner, the
user is not required to re-enter information or selections for
each session or for each individual patient. With reference to
FIG. 10, the patient management system can display 410 a
list of events or types of patient reports that can be received
using the patient management system for user review. For
example, the list can include: receipt of a new atrial fibril-
lation report, receipt of a new tachycardia event report,
receipt of a new pause event report, receipt of a new
patient-initiated event report, or a report indicating that a
patient has transitioned to inactive status. The end user can
select any or all of these alert options by, for example,
checking a box associated with each item. In another
implantation, an alert can be based on performance or
function of the medical device or monitoring device. For
example, the user may select to receive an alert each time
that a patient experiences a specific type of event or, for a
patient using a therapeutic medical device, each time that the
device provides treatment to the patient.
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[0162] With continued reference to FIG. 10, the patient
management system can receive 412 a user selection of
available times (e.g., times when the physician elects to
receive alerts or notifications). For example, the end user can
select to only receive alerts or notifications during week-
days, or during normal business hours. In some examples,
the user can also select to receive certain reports any time
(e.g., 24 hours a day), such as reports indicating that
treatment was provided to a patient, and to receive other
types of reports, such as more standard daily or weekly
status reports, only during normal business hours. For
example, the end user can set his/her alert preferences within
his or her user account such that the end user’s preferences
are associated with the end user’s profile and the end user
does not have to re-enter his or her preferences again.

[0163] The patient management system can also receive
414 a user selection indicating how the alerts and/or noti-
fications should be received. For example, the end user can
receive an alert or notification by email, voice message, fax,
SMS text message, and/or by email. Based upon the time
selected and how the alert and/or notifications should be
received, the patient management system can transmit 416
one or more reports to the patient management system via
the communications network. If a report is received that
matches the selected criteria, the patient management sys-
tem can send 418 an alert or notification to the end user using
the selected communications mode or modality at the
selected time. As discussed above, the monitoring device
can also automatically forward reports to the nurses or
hospital support staff’ responsible for treating a particular
patient. In the case in which a physician works at multiple
locations or hospitals, the monitoring device determines
which patients are located at a particular location and
forwards the alert or notification to the correct individuals.

Electronic Ordering:

[0164] With reference to FIG. 11, the patient management
system can also be configured to allow the end user to
directly order a medical device for treatment of a patient. In
certain embodiments, the patient management system can be
configured to receive 510 information related to an elec-
tronic order. For example, the end user, such as a physician,
can fill out an electronic order form for a therapeutic or
monitoring medical device. For example, the electronic
order form may be displayed to an authorized person (e.g.,
a physician, nurse, other caregiver and/or their designees),
via a computer, handheld tablet or a fixed terminal tablet, a
smartphone, a personal digital assistant, or other such com-
puting device. For example, the electronic order form may
be implemented as an application or an “app” on such a
computing computer. As an example, in the Android™
platform, an app carrying out the functionality as described
herein may be downloaded from an app store. In some
examples, an app or application deployed on a computing
device can be configured to carry out some or all of the steps
of an electrode order process as described below. For
instance, an electronic order for a therapeutic or monitoring
medical device can be initiated by a first authorized person
(e.g., a remote technical support person). A second autho-
rized person, e.g., a person with signatory authority, can then
log into the electrode order application or app, and elec-
tronically sign or cause the order to be approved. In such
implementations, the patient management system can
include a remote server for communicating with one or more
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computing devices in the field, e.g., hosting a database
and/or related functionality to support the electronic order
features described herein. In certain implementations, the
order form can include locations for entering prescriber
information to confirm that the end user has proper creden-
tials to order a particular monitoring device. The order form
can also include locations for entering patient information
for the patient to be monitored, monitor information and
settings, indications for monitoring, and insurance informa-
tion. For example, monitor information and settings can
include a particular service type (e.g., either mobile cardiac
telemetry or cardiac event monitoring), logistics such as
whether the physician will provide the monitor to the patient
directly or whether the monitor will be shipped directly to
the patient, as well as default or threshold values indicating
when an alert or report should be generated. For example, a
bradycardia threshold value can be set to measurements
below 30 beats per minute. A tachycardia threshold value
can be set at above 150 beats per minute. In the indications
for monitoring section, the physician can select particular
events to be identified including, but not limited to, atrial
fibrillation, atrial flutter, and other conditions or events.
[0165] For security, the end user can enter an electronic
signature and password to verify the prescription. The
patient management system can receive the electronic sig-
nature and password, and verify 512 the prescription. The
end user can select to submit the order and, in response, the
patient management system can submit 514 the electronic
order to, for example, the patient management server. Once
the order is submitted, the end user can provide a cardiac
monitor device directly to the patient and cardiac monitoring
can be commenced. Alternatively, the monitor can be
shipped to the patient.

[0166] It is noted that the above-described electronic
ordering protocol can be used for cardiac and other moni-
toring devices. However, for treatment devices, it is likely
that the patient will need to receive the device from a service
representative or another service provider associated with
the device manufacturer and/or provider. In that case, the
end user can fill out and submit the electronic order form.
The patient will then be contacted by the service represen-
tative and provided with the appropriate therapeutic device.

Application Specific Reports:

[0167] As noted above, a patient management system can
be configured to run one or more applications for receiving
and viewing patient reports, based upon the type of appli-
cation a reviewer (e.g., a physician) has, which can limit the
amount or type of information the reviewer has access to.
For example, a physician can subscribe to a vendor specific
application that is configured to provide patient report
information for a device manufactured and distributed by
that vendor. For other devices and vendors, the physician
can subscribe or purchase access to additional applications
for viewing patient reports for those additional devices. In
certain implementations, an application can be configured to
automatically update a patient report, or list of patient
reports, if that patient is subscribed a new device. For
example, patient data can be maintained in a data structure
such as a database or folder structure stored on a central
server (such as patient management server 58). The database
or folder structure can be organized such that patient records
(or pointers to patient records) are organized by device type.
For example, the server can include a database table for each
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type of device. Patient records can then be organized within
each table by more specific information such as patient
name, date of birth, attending physician and other similar
information.

[0168] As shown in FIG. 12, one or more patient reports
can be filtered and delivered, and/or updated, by the patient
management system. For example, a reviewer can login to a
specific application to access one or more patient records. As
noted above, the application can be device specific and, as
such, can be configured to display only patient records
associated with a specific device. For example, the applica-
tion can be configured to only access and display patient
records for patients that have been prescribed a wearable
defibrillator. In such an example, the patient management
system can determine 610 the application capabilities and
permissions for viewing one or more patient reports. The
patient management system can also determine 612 a user
access level for the reviewer requesting access to the patient
reports. For example, as noted above, the patient manage-
ment system (and/or the application used by the reviewer)
can be configured to limit access to the patient reports and
related information based upon an associated access level of
the requesting reviewer. Based upon one or more of the
application being used and the reviewer’s associated access
level, the patient management system can filter 614 the
report information such that the reviewer is only provided
with information they have access and/or permission to
view. The patient management system can then provide or
display 616 the filtered reports and related information to the
end user, e.g., via the patient management system.

[0169] As noted above, based upon what type of device a
patient has been prescribed (e.g., a therapeutic device or a
monitoring device), the patient’s record can be stored in a
specific location at the patient management server (e.g., in a
specific table of a database stored on the server). In certain
implementations, if a patient’s treatment plan changes such
that the patient transitions from one device to another (e.g.,
from a cardiac monitoring device to a wearable defibrilla-
tor), the patient’s record may be updated and moved in the
server’s storage accordingly (or, in some examples, a pointer
to the patient’s record can be updated and moved accord-
ingly within, for example, the database). In response to such
an update, the patient management system can update 618 its
record information. As such, a physician or other reviewer
can potentially access the updated record (e.g., if the patient
has now been prescribed a device the physician can access
the patient reports for) via the report viewing application.
Such an arrangement can provide the reviewer with a tool
for viewing a patient’s record in or at near real-time in
response to a patient being prescribed a new device.

[0170] It should be noted that, while the discussion of FIG.
12 described one or more report viewing applications that
are device specific, a single application (as is described in
detail above) that is configured to view information for
patient records across multiple devices can also be config-
ured to update a patient report in or at near real-time when
a patient is prescribed a new medical device. Again, such an
arrangement provides for a physician or other reviewer to
accurately view the patient’s entire treatment plan including
changes in devices and any events that occurred prior or
subsequent to the changing of the medical device prescrip-
tion. In certain implementations, when running multiple
instances of the same application, each instance configured
to display information related to a single medical device
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type, a change in a patient’s device type can be represented
by removing the patient’s record from a first instance of the
application (associated with, for example, their previous
device) and adding the patient’s report to a second instance
of the application (associated with, for example, the
patient’s newly prescribed device).

[0171] The embodiments have been described with refer-
ence to various examples. Modifications and alterations will
occur to others upon reading and understanding the forego-
ing examples. Accordingly, the foregoing examples are not
to be construed as limiting the disclosure.

What is claimed is:

1. A patient management system, comprising:

communications circuitry configured to receive first

physiological information relating to a first at least one
patient from at least one therapeutic medical device and
second physiological information relating to a second
at least one patient from at least one monitoring medi-
cal device; and

a computing device comprising a user interface, the user

interface configured to display at least one of the first
and second physiological information according to a
user selection.

2. The patient management system of claim 1, wherein the
at least one therapeutic medical device comprises at least
one of: a portable defibrillator, a wearable defibrillator, a
cardiac pacing device, a portable ventilator, a cardiopulmo-
nary resuscitation system, and combinations thereof.

3. The patient management system of claim 1, wherein the
at least one monitoring medical device comprises at least
one of: a mobile cardiac monitoring device, a patient weight
monitor, a blood glucose monitor, a pulse oximeter, a blood
pressure monitor, and a patient movement detector.

4. The patient management system of claim 1, wherein the
first physiological information comprises whether a treat-
ment was delivered to the first at least one patient.

5. The patient management system of claim 1, wherein the
second physiological information comprises cardiac infor-
mation of the second at least one patient.

6. The patient management system of claim 1, wherein the
computing device is configured to run one or more instances
of an application for viewing patient reports based on the
received first and second physiological information.

7. The patient management system of claim 6, wherein a
first instance is configured to display information based on
the first physiological information and a second instance is
configured to display information based on the second
physiological information.

8. The patient management system of claim 1, wherein the
computing device is configured to launch a first instance of
an application when the user selection comprises a selection
to display the first physiological information, and wherein
the computing device is configured to launch a second
instance of the application when the user selection com-
prises a selection to display the second physiological infor-
mation.

9. The patient management system of claim 1, wherein the
user selection comprises user action involving at least one
of:

selecting to display first and second physiological infor-

mation;

selecting to display first physiological information and

not second physiological information; and
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selecting to display second physiological information and

not first physiological information.

10. The patient management system of claim 1, wherein
the at least one monitoring medical device is configured to
permit the patient to enter one or more patient symptoms.

11. The patient management system of claim 10, wherein
the patient symptoms comprise at least one of: a skipped
beat, shortness of breath, light headedness, racing heart rate,
fatigue, fainting, chest discomfort, weakness, dizziness,
and/or giddiness.

12. The patient management system of claim 1, wherein
the at least one monitoring medical device is configured to
permit the patient to an activity level of the patient.

13. The patient management system of claim 1, wherein
the activity level of the patient comprising at least one of:
resting, light activity, moderate activity, and rigorous activ-
ity.

14. The patient management system of claim 1, wherein
the at least one monitoring medical device is configured to
identify one or more events, the identified events comprising
at least one of: atrial fibrillation, bradycardia, tachycardia,
atrio-ventricular block, Lown-Ganong-Levine syndrome,
atrial flutter, sino-atrial node dysfunction, cerebral ischemia,
syncope, atrial pause, and/or heart palpitations.

15. The patient management system of claim 1, wherein
the user interface is configured to allow a user to view the
received first and second physiological information based at
least in part on one or more of the user’s role, the user’s
location, a profile of one or more of the plurality of patients,
and an underlying characteristic of the received physiologi-
cal information.

16. The patient management system of claim 15, wherein
the user interface is configured to allow the user to custom-
ize a manner in which at least a portion of the received
physiological information is presented.

17. The patient management system device of claim 15,
wherein the user interface is configured to allow the user to
specify one or more alerts relating to the at least one of
patient symptom information and patient-related event infor-
mation.

18. The patient management system device of claim 15,
wherein the user can specify that the one or more alerts
should be sent to another recipient other than the user.

19. The patient management system device of claim 15,
wherein the user interface is configured to allow the user to
delegate access to at least a portion of the received infor-
mation to another user.

20. The patient management system device of claim 1,
wherein the at least one therapeutic medical device is
configured to operate in both a therapeutic mode and a
monitoring mode.

21. The patient management system device of claim 20,
wherein the at least one therapeutic medical device com-
prises a plurality of monitoring elements configured to
operate in both the therapeutic mode and the monitoring
mode, and a plurality of therapeutic elements configured to
operate only in the therapeutic mode.

22. The patient management system device of claim 1,
wherein the at least one monitoring medical device is
configured to operate in both a therapeutic mode and a
monitoring mode.

23. The patient management system device of claim 22,
wherein the at least one monitoring medical device com-
prises a plurality of monitoring elements configured to
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operate in both the therapeutic mode and the monitoring
mode, and a plurality of therapeutic elements configured to
operate only in the therapeutic mode.

24. A mobile patient monitoring system, comprising:

a plurality of therapeutic medical devices each comprising
communication circuitry and being configured to be
connected to one of a first subset of patients to obtain
physiological information for the patient;

a plurality of monitoring medical devices each comprising
communication circuitry and being configured to be
connected to one of a second subset of patients to
obtain physiological information for the patient;

a communications network configured to transmit the
physiological information about the first subset of
patients from the plurality of therapeutic medical
devices and the physiological information about the
second subset of patients from the plurality of moni-
toring medical devices; and

a computing device comprising a user interface config-
ured to receive the physiological information for the
first subset of patients and the second subset of patients
over the communications network and to provide the
information to a user,

wherein the user interface is configured to selectively
display physiological information from at least one or
the first subset of patients and the second subset of
patients based on a selection from the user.

25. The system of claim 24, wherein information received

from the physiological information comprises an electrocar-
diogram for the patient.
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26. The system of claim 24, wherein the physiological
information received from the first subset of patients further
comprises information about a number of treatments pro-
vided to the patient by the therapeutic medical device.

27. The system of claim 24, wherein the user interface is
configured to provide an alert to the user, the alert being
based on analysis of the received physiological information.

28. The system of claim 24, wherein displaying the
received physiological information comprises:

receiving the selection from the user, wherein the selec-
tion comprises at least one information field,

populating the information field with values based, at
least in part, on the received physiological information,
and

displaying the populated information field to the user with
the user interface.

29. The system of claim 28, wherein the at least one
information field comprises at least one of: patient total wear
time, percentage of time in atrial fibrillation, percentage of
time with bradycardia, percentage of time with tachycardia,
average heart rate, most common symptom reported by the
patient, number of identified events, and a number of
treatments by a therapeutic medical device.

30. The system of claim 24, wherein an order for dis-
playing physiological information received from the plural-
ity of medical devices is determined based on values of the
populated information fields for each patient.

I S T T
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