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(57) ABSTRACT

According to another example, a wearable medical device
controller is provided. The device controller includes a
memory and a processor coupled to the memory. The proces-
sor is configured to determine a correlation between a phe-
nomenon identifiable by the wearable medical device con-
troller and at least one response pattern associated with a
patient and store, responsive to detecting the correlation, an
adaptation path to address the at least one response pattern,
the adaptation path specifying an adaptation of at least one
characteristic of an alarm. The at least one response pattern
may include a plurality of response patterns and the adapta-
tion path may reflect adaptations made to address at least
some of the plurality of response patterns.
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SYSTEM AND METHOD FOR ADAPTING
ALARMS IN A WEARABLE MEDICAL
DEVICE

RELATED APPLICATIONS

[0001] This application claims benefit under 35 U.S.C.
§120 as a continuation of U.S. patent application Ser. No.
13/428,703, titled “SYSTEM AND METHOD FOR ADAPT-
ING ALARMS IN A WEARABLE MEDICAL DEVICE,”
filed on Mar. 23, 2012. U.S. patent application Ser. No.
13/428,703 claims priority under 35 U.S.C. §119(e) to U.S.
Provisional Application Ser. No. 61/467,663, titled “SYS-
TEM AND METHOD FOR ADAPTING ALARMS IN A
WEARABLE MEDICAL DEVICE,” filed on Mar. 25, 2011.
U.S. patent application Ser. No. 13/428,703 also claims pri-
ority under35U.S.C. §119(e) to U.S. Provisional Application
Ser. No. 61/542,749, titled “SYSTEM AND METHOD FOR
ADAPTING ALARMS IN A WEARABLE MEDICAL
DEVICE,” filed on Oct. 3, 2011. Each of these related appli-
cations is hereby incorporated herein by reference in its
entirety.

BACKGROUND
[0002] 1. Technical Field
[0003] Aspects of the present invention relate to medical

devices, and more particularly to apparatus and methods for
adapting alarms in medical devices.

[0004] 2. Discussion of Related Art

[0005] Some wearable medical devices notify patients
wearing the medical device of events of interest to the patient.
In certain situations, wearable medical devices receive
responses to these notifications from the patient. For instance,
a wearable defibrillator worn by an ambulatory patient gen-
erates an alarm if the patient’s electrocardiogram (ECG) sig-
nal indicates a cardiac abnormality. Where the ECG signal
indicates that the cardiac abnormality is treatable via a thera-
peutic shock, the wearable defibrillator must receive a
response to this notification if the patient wishes to avoid the
administration of an unnecessary therapeutic shock.

[0006] In situations where the cause of a notification is not
as pressing, a wearable medical device may repeatedly notify
a patient of the event of interest. For example, if a battery
installed in the wearable medical device is running low on
power, the wearable medical device may notify the patient.
After a period of time, if the wearable medical device contin-
ues to detect that the battery has a low power state, the wear-
able medical device may reissue the previous notification.
However, in the case of a critical care medical device, such as
the LifeVest® Wearable Cardioverter Defibrillator available
from Zoll Medical Corporation of Chelmsford, Mass., lack of
a responsive action by the patient may result in the wearable
defibrillator becoming inoperative due to lack of battery
powet.

SUMMARY

[0007] Examples disclosed herein adapt the characteristics
of an alarm issued by a wearable medical device to increase
the efficacy of a wearable medical device while maintaining
or enhancing the usage experience of patients wearing the
medical device. For instance, some adaptations presented
herein increase the probability that patients will respond to
the alarm in a suitable manner. Other adaptations tailor alarms
to fit the traits and preferences of particular patients. Thus,
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various examples address situations in which a patient does
not hear an alarm. does not recognize the significance of an
alarm or does not respond according to established time-
tables.

[0008] Inoneexample,amethod foradapting alarms issued
by a wearable medical device is provided. The method
includes acts of issuing a first instance of an alarm; determin-
ing that no predetermined response to the first instance of the
alarm was received within a target response time; adapting,
responsive to determining that no predetermined response
was received within the target response time, at least one
characteristic of the alarm according to an adaptation path
associated with the alarm and issuing a second instance of the
alarm, the second instance of the alarm having the at least one
adapted characteristic.

[0009] In the method, the act of determining that the first
instance of the alarm was not effective may include receiving
no response within a target response time. In addition, the act
of adapting the at least one characteristic of the alarm may
include increasing the intensity of the alarm. Further, the act
of adapting the at least one characteristic of the alarm may
include changing the conduit of the alarm. The act of chang-
ing the conduit of the alarm may include transmitting the
alarm to a personal electronic device. Moreover, the method
may further operate using an alarm profile that indicates an
alarm that is triggered upon occurrence of an event. Addition-
ally, the method may further include acts of storing within the
alarm profile, responsive to adapting the at least one charac-
teristic of the alarm, an association between the alarm and the
adaptation path; detecting an occurrence of the event; identi-
fying, responsive to detecting the occurrence of the event, the
association between the alarm and the adaptation path; adapt-
ing, responsive to identifying the association, at least one
characteristic of the alarm according to the adaptation path
and issuing a third instance of the alarm, the third instance of
the alarm having the at least one adapted characteristic.
[0010] According to another example, a method for adapt-
ing alarms issued by a wearable medical device is provided.
The method includes acts of receiving an alarm profile via an
interface, the alarm profile indicating an alarm to be triggered
upon occurrence of an event and including an association
between an adaptation path and the alarm; detecting an occur-
rence of the event; identifying, responsive to detecting the
occurrence of the event, the association between the adapta-
tion path and the alarm; adapting, responsive to identifying
the association, at least one characteristic of the alarm accord-
ing to the adaptation path; and issuing an instance of the alarm
having the at least one adapted characteristic.

[0011] According to another example, a wearable medical
device controller 1s provided. The wearable medical device
controller includes a memory storing alarm profile informa-
tion and a processor coupled to the memory. The processor
being configured to issue a first instance of an alarm, deter-
mine that no predetermined response to the first instance of
the alarm was received within a target response time, adapt,
responsive to determining that no predetermined response
was received within the target response time, at least one
characteristic of the alarm according to an adaptation path
associated with the alarm and issue a second instance of the
alarm, the second instance of the alarm having the at least one
adapted characteristic. In addition, the processor may be con-
figured to determine that the first instance of the alarm was not
effective where the processor receives no response within a
target response time.
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[0012] According to another example, a method for adapt-
ing alarms issued by a wearable medical device is provided.
The method includes acts of detecting an inhibiting factor
associated with an alarm and adapting, responsive to detect-
ing the inhibiting factor, at least one characteristic of the
alarm according to an adaptation path.

[0013] According to another example, a method for adapt-
ing alarms issued by a wearable medical device is provided.
The method includes acts of detecting a correlation between
a value of an independent variable and an alarm response
pattern associated with a patient, determining, after detecting
the correlation, that the independent variable has the value
and adapting, responsive to determining that the independent
variable has the value, an alarm based on the alarm response
pattern.

[0014] According to another example, a wearable medical
device controller is provided. The device controller includes
a memory and a processor coupled to the memory. The pro-
cessor is configured to determine a correlation between a
phenomenon identifiable by the wearable medical device
controller and at least one response pattern associated with a
patient and store, responsive to detecting the correlation, an
adaptation path to address the at least one response pattern,
the adaptation path specifying an adaptation of at least one
characteristic of an alarm. The at least one response pattern
may include a plurality of response patterns and the adapta-
tion path may reflect adaptations made to address at least
some of the plurality of response patterns.

[0015] In the device controller, the processor may be fur-
ther configured to detect the phenomenon and adapt, respon-
sive to detecting the phenomenon, the at least one character-
istic of the alarm according to the adaptation path. The
processor may be configured to determine the correlation by
determining a correlation between a value of an independent
variable indicative of the phenomenon and the at least one
response pattern. Adapting the at least one characteristic of
the alarm may include increasing the intensity of the alarm.
Adapting the at least one characteristic of the alarm may
include changing the conduit of the alarm. Changing the
conduit of the alarm may include transmitting the alarm to a
personal electronic device. In some examples, the phenom-
enon may be an inhibiting factor.

[0016] In the device controller, the memory may store an
alarm profile indicating that the alarm be triggered upon
occurrence of an event. The alarm profile may include an
association between the adaptation path and the alarm. The
processor may be further configured to detect an occurrence
of the event and issue a first instance of the alarm, the first
instance having the at least one adapted characteristic. The
adaptation path may specify a plurality of adaptations and the
processor is further configured to determine that no predeter-
mined response to the first instance of the alarm was received
within a target response time; adapt, responsive to determin-
ing that no predetermined response was received within the
target response time, a characteristic of the alarm according to
an adaptation from the plurality of adaptations and issue a
second instance of the alarm, the second instance of the alarm
having the adapted characteristic.

[0017] Thedevice controller may further comprise an inter-
face in data communication with the processor. The processor
may be further configured to receive the alarm profile via the
interface and store the alarm profile in the memory. The
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processor may be further configured to receive a new adap-
tation path via the interface and store the new adaptation path
in the alarm profile.

[0018] According to another example, a wearable medical
device controller is provided. The device controller includes
a memory and a processor coupled to the memory. The
memory stores an alarm profile indicating that an alarm be
triggered upon occurrence of an event and includes an asso-
ciation between an adaptation path and the alarm. The pro-
cessor is configured to detect an occurrence of the event; issue
a first instance of the alarm; determine that no predetermined
response to the first instance of the alarm was received within
a target response time; adapt, responsive to determining that
no predetermined response was received within the target
response time, at least one characteristic of the alarm accord-
ing to the adaptation path; and issue a second instance of the
alarm, the second instance of the alarm having the at least one
adapted characteristic.

[0019] According to another example, method for adapting
alarms issued by a wearable medical device is provided. The
method includes acts of determining, by the wearable medical
device, a correlation between a phenomenon identifiable by
the wearable medical device and at least one response pattern
associated with a patient and storing, responsive to detecting
the correlation, an adaptation path to address the at least one
response pattern, theadaptation path specifying anadaptation
of at least one characteristic of an alarm. The act of determin-
ing the correlation includes determining the correlation
between the phenomenon and a plurality of response patterns
and storing the adaptation path includes storing an adaptation
path that reflects adjustments made to address at least some of
the plurality of response patterns.

[0020] The method may further comprise acts of detecting
the phenomenon and adapting, responsive to detecting the
phenomenon, the at least one characteristic of the alarm
according to the adaptation path. In the method, the act of
determining the correlation may include an act of determin-
ing a correlation between a value of an independent variable
indicative of the phenomenon and the at least one response
pattern. The act of adapting the at least one characteristic of
the alarm may include ac act of increasing the intensity of the
alarm. The act of adapting the at least one characteristic ofthe
alarm may include changing the conduit of the alarm. The act
of changing the conduit of the alarm may include an act of
transmitting the alarm to a personal electronic device.
[0021] The method may further comprise act of detecting
an occurrence of an event and issuing a first instance of the
alarm, the first instance having the adaptation of the at least
one characteristic of the alarm. The adaptation path may
specify a plurality of adaptations and the method further
comprises acts of determining that no predetermined
response to the first instance of the alarm was received within
a target response time; adapting, responsive to determining
that no predetermined response was received within the target
response time, a characteristic of the alarm according to an
adaptation from the plurality of adaptations and issuing a
second instance of the alarm, the second instance of the alarm
having the adapted characteristic.

[0022] Still other aspects, examples, and advantages of
these exemplary aspects and examples, are discussed in detail
below. Moreover, it is to be understood that both the foregoing
information and the following detailed description are merely
illustrative examples of various aspects, and are intended to
provide an overview or framework for understanding the
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nature and character of the claimed subject matter. Refer-
ences to “an example,” “some examples,” “an alternate
example,” “various examples,” “one example,” “at least one
example,” “this and other examples” or the like are not nec-
essarily mutually exclusive and are intended to indicate that a
particular feature, structure, or characteristic described in
connection with the example may be included in that example
and other examples. The appearances of such terms herein are
not necessarily all referring to the same example.

[0023] Furthermore, in the event of inconsistent usages of
terms between this document and documents incorporated
herein by reference, the term usage in the incorporated refer-
ences is supplementary to that of this document; for irrecon-
cilable inconsistencies, the term usage in this document con-
trols. In addition, the accompanying drawings are included to
provide illustration and a further understanding of the various
aspects and examples, and are incorporated in and constitute
a part of this specification. The drawings, together with the
remainder of the specification, serve to explain principles and
operations of the described and claimed aspects and
examples.

2

BRIEF DESCRIPTION OF DRAWINGS

[0024] The accompanying drawings are not intended to be
drawn to scale. In the drawings, components that are identical
or nearly identical may be represented by a like numeral. For
purposes of clarity, not every component is labeled in every
drawing. In the drawings:

[0025] FIG.1is afunctional schematic of one example of a
wearable medical device controller;

[0026] FIG.2isaflow diagram of one example of a process
for adapting alarms issued by a medical device;

[0027] FIG.3 isaflow diagram of one example of a process
for configuring information within an alarm profile;

[0028] FIG.4isa flow diagram of one example of a process
for monitoring events associated with a medical device; and
[0029] FIG.5isaflow diagram of one example of a process
for producing alarms associated with a medical device.

DETAILED DESCRIPTION

[0030] Aspects and examples disclosed herein relate to
apparatus and processes for adapting alarms issued by a wear-
able medical device. The examples disclosed herein are
potentially applicable to a wide variety of wearable medical
devices. In some examples, the wearable medical devices are
configured in accord with the wearable medical devices
described in co-pending application Ser. No. 13/109,382,
entitled WEARABLE AMBULATORY MEDICAL
DEVICE WITH MULTIPLE SENSING ELECTRODES,
filed May 17, 2011, which is incorporated by reference herein
in its entirety. In other examples, the wearable medical device
is a monitoring device that does not conduct a therapy deliv-
ery method orinclude a therapy delivery apparatus. In each of
these examples, a control unit of the wearable medical device
includes a set of components configured to perform the adap-
tation processes described herein. This set of components
may include hardware components or a combination of hard-
ware and software components.

[0031] The examples of the methods and apparatuses dis-
cussed herein are not limited in application to the details of
construction and the arrangement of components set forth in
the following description or illustrated in the accompanying
drawings. The methods and apparatuses are capable of imple-
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mentation in other examples and of being practiced or of
being carried out in various ways. Examples of specific
implementations are provided herein for illustrative purposes
only and are not intended to be limiting. In particular, acts,
elements and features discussed in connection with any one or
more examples are not intended to be excluded from a similar
role in any other examples.

[0032] Also, the phraseology and terminology used herein
is for the purpose of description and should not be regarded as
limiting. Any references to examples or elements or acts of
the systems and methods herein referred to in the singular
may also embrace examples including a plurality of these
elements, and any references in plural to any example or
element or act herein may also embrace examples including
only a single element. References in the singular or plural
form are not intended to limit the presently disclosed systems
or methods, their components, acts, or elements. The use
herein of “including,” “comprising,” “having,” “containing,”
“involving,” and variations thereof'is meant to encompass the
items listed thereafter and equivalents thereof as well as addi-
tional items. References to “or” may be construed as inclusive
so that any terms described using “or” may indicate any of a
single, more than one, and all of the described terms.

29 ¢

Wearable Medical Device Controller

[0033] FIG. 1illustrates a wearable medical device control-
ler 100 that is configured to monitor a patient and the patient’s
environment for events of interest and to adapt notifications
reporting these events. As shown in FIG. 1, the wearable
medical device controller 100 includes a processor 118, a
sensor interface 112, an alarm manager 114, a therapy deliv-
ery interface 102, data storage 104, a communication network
interface 106, a user interface 108 and a battery 110. The data
storage 104 includes alarm profile information 116. Further,
in this illustrated example, the battery 110 is a rechargeable 3
cell 2200 mAh lithium ion battery pack that provides electri-
cal power to the other device components with a minimum 24
hour runtime between charges.

[0034] According to the example illustrated in FIG. 1, the
processor 118 is coupled to the sensor interface 112, the
therapy delivery interface 102, the data storage 104, the net-
work interface 106 and the user interface 108. The processor
118 performs a series of instructions that result in manipu-
lated data which is stored in and retrieved from the data
storage 104. According to a variety of examples, the proces-
sor 118 is a commercially available processor such as a pro-
cessor manufactured by Texas Instruments, Intel, AMD, Sun,
IBM, Motorola, Freescale and ARM Holdings. However, the
processor 118 may be any type of processor, multiprocessor
or controller, whether commercially available or specially
manufactured. For instance, according to one example, the
processor 118 may include a power conserving processor
arrangement such as described in co-pending application Ser.
No. 12/833,096, entitled SYSTEM AND METHOD FOR
CONSERVING POWER IN A MEDICAL DEVICE, filed
Jul. 9, 2010 (hereinafter the *’096 application”), which is
incorporated by reference herein in its entirety. In another
example, the processor 118 is an Intel® PXA270.

[0035] Inaddition, in several examples the processor 118 is
configured to execute a conventional RTOS, such as
RTLinux. In these examples, the RTOS may provide platform
services to application software, such as some examples of
the alarm manager 114 which is discussed further below.
These platform services may include inter-process and net-
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work communication, file system management and standard
database manipulation. However, one of many operating sys-
tems may be used, and examples are not limited to any par-
ticular operating system or operating system characteristic.
For instance, in some examples, the general purpose proces-
sor 118 may be configured to execute a non-real time operat-
ing system, such as BSD or GNU/Linux.

[0036] The alarm manager 114 is configured to manage
alarm profiles, such as the alarm profile information 116, and
notify one or more intended recipients of events specified
within the alarm profiles as being of interest to the intended
recipients. These intended recipients may include external
entities such as users (patients, physicians, and monitoring
personnel) as well as computer systems (monitoring systems
or emergency response systems). The alarm manager 114 is
also configured to adapt notifications according to an adap-
tation path specified within the alarm profile information 116.
Adaptation paths are discussed further below with reference
to the alarm profile information 116.

[0037] The alarm manager 114 may be implemented using
hardware or a combination of hardware and software. For
instance, in one example, the alarm manager 114 is imple-
mented as a software component that is stored within the data
storage 112 and executed by the processor 118. In this
example, the instructions included in the alarm manager 114
program the processor 118 to configure alarm profiles and
notify intended recipients using the alarm profiles. In other
examples, alarm manager 114 may be an application-specific
integrated circuit (ASIC) that is coupled to the processor 118
and tailored to manage alarm profiles and notify intended
recipients using alarms specified within the alarm profiles.
Thus, examples of alarm manager 114 are not limited to a
particular hardware or software implementation. Particular
examples of the processes performed by the alarm manager
114 are discussed further below with reference to FIGS. 2-5
and the Example Alarm Adaptations section below.

[0038] In some examples, the components disclosed
herein, such as the alarm manager 114, may read parameters
that affect the functions performed by the components. These
parameters may be physically stored in any form of suitable
memory including volatile memory, such as RAM, or non-
volatile memory, such as a magnetic hard drive. In addition,
the parameters may be logically stored in a propriety data
structure, such as a database or file defined by a user mode
application, or in a commonly shared data structure, such as
an application registry that is defined by an operating system.
In addition, some examples provide for both system and user
interfaces, as may be implemented using the user interface
108, that allow external entities to modify the parameters and
thereby configure the behavior of the components.

[0039] For example, the alarm manager 114 includes an
alarm mode parameter. The alarm mode parameter indicates
a generalized set of preferences that the alarm manager 114
applies to triggered alarms. The alarm manager 114 may
adjust any characteristics of an alarm depending on the par-
ticular alarm mode currently in effect. Example alarm modes
include, but are not limited to, normal (no modification to
alarm characteristics), silent (do not produce sensory output
to one or more senses when reporting the alarm), loud (in-
crease sensory output to one or more senses when reporting
the alarm), vehicle (decrease sensory output and target
response times, delay alarms with adaptation paths indicating
to delay the alarm if the alarm mode parameter indicates
vehicle mode, issue triggered alarms through an in-vehicle
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communications and entertainment system if available),
walking (issue triggered alarms via an output embedded
within an article of clothing, such as a foot buzzer), and
personal electronic device (issue triggered alarms via a per-
sonal electronic device such as an earpiece, phone, tablet
computing device, pen, personal entertainment device, sport
equipment, personal digital assistant, etc . . . ).

[0040] The data storage 104 includes a computer readable
and writeable nonvolatile data storage medium configured to
store non-transitory instructions and other data. In addition,
the data storage 104 includes a processor memory that stores
data during operation of the processor 118. In some examples,
the processor memory includes a relatively high perfor-
mance, volatile, random access memory such as dynamic
random access memory (DRAM), static memory (SRAM) or
synchronous DRAM. However, the processor memory may
include any device for storing data, such as a non-volatile
memory, with sufficient throughput and storage capacity to
support the functions described herein. According to several
examples, the processor 118 causes data to be read from the
nonvolatile data storage medium into the processor memory
prior to processing the data. In these examples, the processor
118 copies the data from the processor memory to the non-
volatile storage medium after processing is complete. A vari-
ety of components may manage data movement between the
non-volatile storage medium and the processor memory and
examples are not limited to particular data management com-
ponents. Further, examples are not limited to a particular
memory, memory system or data storage system.

[0041] The instructions stored on the data storage 104 may
include executable programs or other code that can be
executed by the processor 118. The data storage 104 also may
include information that is recorded, on or in, the medium,
and this information may be processed by the processor 118
during execution of instructions. More specifically, the infor-
mation may be stored in one or more data structures specifi-
cally configured to conserve storage space or increase data
exchange performance. The instructions may be persistently
stored as encoded signals, and the instructions may cause the
processor 118 to perform the functions described herein. The
medium may, for example, be optical disk, magnetic disk or
flash memory, among others, and may be permanently affixed
to, or removable from, the wearable medical device controller
100.

[0042] The alarm profile information 116 includes data
used by the alarm manager 114 to notify intended recipients
of events of interest. More particularly, according to the illus-
trated example, the alarm profile information 116 includes
information that identifies events of interest, characteristics
of one or more alarms used to report the identified events and
one or more adaptation paths for each of the one or more
alarms. Events of interest may include any event detectable
by the wearable medical device controller 100. However, in
broad terms, events of interest may be categorized as con-
cerning the patient wearing the wearable medical device,
such as an indication of a physiological abnormality in the
patient, or concerning the wearable medical device itself,
such as a component in need of service (for example, a low
battery).

[0043] Common alarm characteristics include an alarm
identifier, an intended recipient of the alarm, one or more
potential responses, a conduit through which the alarm is
provided, content for the alarm, an intensity with which the
content is communicated, an issuance rate at which the con-
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tentis communicated and a target response time. The conduits
through which alarms may be issued include, among others,
the user interface 108, the network interface 106 and the
therapy delivery interface 102. Adaptation paths may specify
initial characteristics of alarms and how the characteristics of
the alarms are altered based on the currently selected alarm
mode, the number of times the alarms have issued, the cir-
cumstances surrounding the intended recipients of any alarms
and any responsive actions taken, or not taken, by the external
entities. In general, the adaptations specified by adaptation
paths involve actions such as increasing the intensity with
which an alarm is communicated, altering the content or
conduit of an alarm and increasing the issuance rate with
which an alarm is communicated. Specific examples of adap-
tation paths that are specified with the alarm profile informa-
tion 116 and that the alarm manager 114 is configured to
conduct are discussed further below within the Example
Alarm Adaptations section.

[0044] As illustrated in FIG. 1, the alarm manager 114 and
the alarm profile information 116 are separate components.
However, in other examples, the alarm manager 114 and the
alarm profile information 116 may be combined into a single
component or re-organized so that a portion of the data
included in the alarm manager 114, such as executable code
that causes the processor 118 to adapt a triggered alarm,
resides in the alarm profile information 118, or vice versa.
Such variations in these and the other components illustrated
in FIG. 1 are intended to be within the scope of the examples
disclosed herein.

[0045] The alarm profile information 116 may be stored in
any logical construction capable of storing information on a
computer readable medium including, among other struc-
tures, flat files, indexed files, hierarchical databases, rela-
tional databases or object oriented databases. In addition,
various examples organize the alarm profile information 116
into particularized and, in some cases, unique structures to
perform the functions disclosed herein. In these examples, the
data structures are sized and arranged to store values for
particular types of data.

[0046] As shown in FIG. 1, the wearable medical device
controller 100 includes several system interface components
102,106 and 112. Each of these system interface components
is configured to exchange, i.e. send or receive, data with one
or more specialized devices that may be located within the
wearable medical device controller 100 or elsewhere. The
components used by the interfaces 102, 106 and 112 may
include hardware components, software components or a
combination of both. In the instance of each interface, these
components physically and logically couple the wearable
medical device controller 100 to the specialized devices. This
physical and logical coupling enables the wearable medical
device controller 100 to both communicate with and, in some
instances, control the operation of the specialized devices.
Thesespecialized devices may include physiclogical sensors,
therapy delivery devices and computer networking devices.
[0047] According to various examples, the hardware and
software components of the interfaces 102, 106 and 112
employ a variety of coupling and communication techniques.
In some examples, the interfaces 102,106 and 112 use leads,
cables or other wired connectors as conduits to exchange data
between the wearable medical device controller 100 and spe-
cialized devices. In other examples, the interfaces 102, 106
and 112 communicate with specialized devices using wire-
less technologies such as radio frequency or infrared technol-
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ogy. The software components included in the interfaces 102,
106 and 112 enable the processor 118 to communicate with
specialized devices. These software components may include
elements such as objects, executable code and populated data
structures. Together, these software components provide soft-
ware interfaces through which the processor 118 can
exchange information with specialized devices. Moreover, in
atleast some examples where one or more specialized devices
communicate using analog signals, the interfaces 102, 106
and 112 further include components configured to convert
analog information into digital information, and visa-versa,
to enable the processor 118 to communicate with specialized
devices.

[0048] As discussed above, the system interface compo-
nents 102, 106 and 112 shown in the example of FIG. 1
support different types of specialized devices. For instance,
the components of the sensor interface 112 couple the pro-
cessor 118 to one or more physiological sensors such as a
body temperature sensors, respiration monitors, and dry
capacitive ECG electrodes, one or more environmental sen-
sors such as atmospheric thermometers, airflow sensors,
video sensors, audio sensors, accelerometers, GPS locators,
and hygrometers. In these examples, the sensors may include
sensors with a relatively low sampling rate, such as wireless
Sensors.

[0049] The components of the therapy delivery interface
102 couple one or more therapy delivery devices, such as
capacitors and defibrillator electrodes, to the processor 118.
In addition, the components of the network interface 106
couple the processor 118 to a computer network via a net-
working device, such as a bridge, router or hub. According to
a variety of examples, the network interface 106 supports a
variety of standards and protocols, examples of which include
USB (via, for example, a dongle to a computer), TCP/IP,
Ethernet, Wireless Ethernet, Bluetooth, ZigBee, M-Bus,
CAN-bus, IP, IPV6, UDP, DTN, HTTP, FTP, SNMP, CDMA,
NMEA and GSM. To ensure data transfer is secure, in some
examples, the wearable medical device controller 100 can
transmit data via the network interface 106 using a variety of
security measures including, for example, TLS, SSL or VPN.
In other examples, the network interface 106 includes both a
physical interface configured for wireless communication
and a physical interface configured for wired communication.
According to various embodiments, the network interface
106 enables communication between the wearable medical
device controller 100 and a variety of personal electronic
devices including computer enabled glasses and earpieces.
[0050] Thus, the various system interfaces incorporated in
the wearable medical device controller 100 allow the device
to interoperate with a wide variety of devices in various
contexts. For instance, some examples of the wearable medi-
cal device controller 100 are configured to perform a process
of sending critical events and data to a centralized server via
the network interface 106. An illustration of a process in
accord with these examples is disclosed in U.S. Pat. No.
6,681,003, entitled “DATA COLLECTION AND SYSTEM
MANAGEMENT FOR PATIENT-WORN MEDICAL
DEVICES” and issued on Jan. 20, 2004 which is hereby
incorporated by reference in its entirety.

[0051] As illustrated in FIG. 1, the therapy delivery inter-
face 102 and the network interface 106 are optional and may
not be included in every example. For instance, a heart rate
monitor may employ the wearable medical device controller
100 to issue adaptive alarms but may not include a therapy
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delivery interface 102 to treat cardiac abnormalities. Simi-
larly, a wearable defibrillator may include the wearable medi-
cal device controller 100 to provide adaptive alarm function-
ality but may not include a network interface 106 where, for
example, the wearable defibrillator is designed to rely on the
user interface 108 to announce alarms.

[0052] The user interface 108 shown in FIG. 1 includes a
combination of hardware and software components that allow
the wearable medical device controller 100 to communicate
with an external entity, such as a user. These components are
configured to receive information from actions such as physi-
cal movement, verbal intonation or thought processes. In
addition, the components of the user interface 108 can pro-
vide information to external entities. Examples of the com-
ponents that may be employed within the user interface 108
include keyboards, mouse devices, trackballs, microphones,
electrodes, touch screens, printing devices, display screens
and speakers. In some examples, the electrodes include an
illuminating element, such as an LED. In other examples, the
printing devices include printers capable of rendering visual
or tactile (Braille) output.

[0053] The wearable medical device controller 100 has a
variety of potential applications and is well suited to devices
that notify external entities of a variety of events, some of
which require a predetermined response from the external
entity. Predetermined responses may include any response
that is appropriate given the event being reported. Predeter-
mined responses may include acknowledgment of the alarm,
entry of information indicating that the alarm is being
addressed and rectification of the event or condition that
triggered the alarm. Examples of devices to which the wear-
able medical device controller 100 is well suited include
critical care medical devices, such as a wearable external
defibrillator. An example of one such defibrillator is described
in the *096 application with reference to FIG. 3. In at least one
example, the wearable defibrillator 300 illustrated in FIG. 3 of
the 096 application employs the wearable medical device
controller 100, as disclosed in the present application, as a
substitute for the portable treatment controller 200 described
in the 096 application. In this example, the ECG Electrodes
and Therapy Pads illustrated in FIG. 3 of the *096 application
are logically and physically coupled to the wearable medical
device controller 100 via the sensor interface 112 and the
therapy delivery interface 102, respectively.

Alarm Adaptation Processes

[0054] Various examples provide processes through which
amedical device adapts alarms that report events of interest to
one or more intended recipients. In these examples, the medi-
cal device is arranged to include the wearable medical device
controller 100 and performs the acts disclosed herein, includ-
ing the acts described in the Example Alarm Adaptations
section below. FIG. 2 illustrates one such process 200 that
includes acts of configuring alarm profiles, monitoring events
and producing alarms. Process 200 begins at 202.

[0055] Inact 204, the medical device configures alarm pro-
file information. According to some examples, an alarm man-
ager, such as the alarm manager 114, implements a configu-
ration interface through which the alarm manager receives
alarm profile information from a user, such as a patient, phy-
sician or equipment technician. Acts in accord with these
examples are discussed below with reference to FIG. 3.
[0056] In act 206, the medical device monitors events.
According to a variety of examples, the alarm manager moni-
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tors the various inputs of the medical device for events of
interest as specified in alarm profile information, such as the
alarm profile information 116. Acts in accord with these
examples are discussed below with reference to FIG. 4.
[0057] In act 208, the medical device produces an alarm.
According to a various examples, the alarm manager adapts
and issues the alarm in accord with the alarm profile infor-
mation. Acts in accord with these examples are discussed
below with reference to FIG. 5.

[0058] Inact210, the medical device determines if an inter-
ruption in monitoring is about to commence, such as an
interruption caused by shutdown of the wearable medical
device controller. If so, the medical device proceeds to 212.
Otherwise the medical device returns to act 206.

[0059] Process 200 ends at 212. Examples in accord with
process 200 allow a medical device to notify intended recipi-
ents, such as the patient, a physician or monitoring personnel,
of important events in a manner that decreases the likelihood
that the alarm will be ignored. Thus, such examples increase
the efficacy of the medical device.

[0060] As discussed above with regard to act 204 shown in
FIG. 2, various examples provide processes for configuring
alarm profiles by amedical device. FIG. 3 illustrates one such
process 310 that implements act 204 and that includes acts of
providing a configuration interface, receiving alarm profile
information and storing the alarm profile information. A
medical device implementing process 310 begins at 312.
[0061] In act 314, an alarm manager, such as the alarm
manager 114, provides a configuration interface through
which the alarm manager receives alarm profile information,
such as the alarm profile information 116. The characteristics
of the configuration interface vary from example to example.
For instance, in one example, the configuration interface pre-
sents, via the user interface 108, one or more screens arranged
to receive information identifying an alarm, an intended
recipient of the alarm, one or more potential responses, a
conduit through which the alarm is provided, content for the
alarm, an intensity with which the content is communicated,
an issuance rate with which the content is communicated, a
target response time and an adaptation path for the alarm.
According to another example, the configuration interface
includes a system interface implemented via a network intet-
face, such as the network interface 106, and through which
the alarm manager receives alarm profile information from an
external system. In one example, the external system is a web
site through which external entities, such as patients or moni-
toring personnel, may configure alarm profile information for
download to the wearable medical device controller. Other
examples detailing characteristics of the configuration inter-
face provided are discussed below in the Example Alarm
Adaptations section.

[0062] Inact316, the alarm manager receives alarm profile
information via the configuration interface. For instance, in
one example, the configuration interface receives an intended
recipient of the alarm, one or more potential responses, a
conduit through which the alarm is provided, content for the
alarm, an intensity with which the content is communicated,
an issuance rate with which the content is communicated, a
target response time and an adaptation path for the alarm via
the screens described above. In another example, the alarm
profile information is received from the external system
described above. In act 318, the alarm manager stores the
alarm profile information in data storage, such as the data
storage 104. A medical device implementing process 310
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terminates the process at 320. Examples in accord with pro-
cess 310 enable medical devices to gather alarm profile infor-
mation for later use in reporting and adapting alarms.

[0063] As discussed above with regard to act 206 shown in
FIG. 2, various examples provide processes for monitoring
events encountered in a medical device. FI1G. 4 illustrates one
such process 400 that may be used to implement act 206 and
thatincludes acts of receiving event information, determining
if the event triggers an alarm, and triggering an alarm. A
medical device implementing process 400 begins at 402.
[0064] In act 404, an alarm manager, such as the alarm
manager 114, receives an event from the processor 118. In act
406, the alarm manager determines if the event triggers an
alarm by referencing alarm profile information, such as the
alarm profile information 116. If so, the alarm manager trig-
gers the alarm in act 408. Otherwise the alarm manager pro-
ceeds to 410. A medical device implementing process 400
terminates the process at 410. Examples in accord with pro-
cess 400 enable medical devices determine if an event
encountered by the device triggers an alarm.

[0065] As discussed above with regard to act 208 shown in
FIG. 2, various examples provide processes for producing
alarms by medical devices. FIG. 5 illustrates one such process
500 that may be used to implement act 208 and that includes
acts of retrieving alarm profiles, determining alarm charac-
teristics and issuing an alarm. A medical device implement-
ing process 500 begins at 502.

[0066] In act 504, an alarm manager, such as the alarm
manager 114, retrieves alarm profile information, such as the
alarm profile information 116, from a data storage, such as the
data storage 104. In act 506, the alarm manager determines
the alarm characteristics based on the alarm profile informa-
tion and the alarm mode parameter. In one example, the alarm
manager determines if the alarm has previously been issued
but no predetermined response has been received. In this is
the situation, the alarm manager adapts the alarm according to
the adaptation path associated with the alarm. Further, in
some examples, the alarm manager may record this adapta-
tion so that future instances of the alarm are adapted auto-
matically, i.e. without requiring the issuance of an ineffective
alarm. In another example, the alarm manager determines,
prior to issuing any alarm instances, that an alarm profile
indicates instances of the alarm should be adapted according
to the adaptation path and the alarm manager adapts the alarm
accordingly. In another example, the alarm manager deter-
mines if the environment of the intended recipient of the
alarm is such that the alarm should be adapted and, if so,
adapts the alarm according to the adaptation path associated
with the alarm. Other examples detailing characteristics and
adaptations of alarms are discussed below in the Example
Alarm Adaptations section.

[0067] Inact508, the alarm manager issues the alarm with
the characteristics as determined in act 506. A medical device
implementing process 500 terminates the process at 510.
Examples in accord with process 500 enable medical devices
to issue alarms that are adapted to effectively notify the
intended recipient of the alarm. This, in turn, increases the
likelihood that the intended recipient will perform any actions
required to suitably respond to the alarm, thereby benefiting
the wearer of the medical device.

[0068] Each of the processes disclosed herein depicts one
particular sequence of acts in a particular example. The acts
included in each of these processes may be performed by, or
using, a medical device specially configured as discussed
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herein. Some acts are optional and, as such, may be omitted in
accord with one or more examples. Additionally, the order of
acts can be altered, or other acts can be added, without depart-
ing from the scope of the systems and methods discussed
herein. In addition, as discussed above, in at least one
example, the acts are performed on a particular, specially
configured machine, namely a medical device configured
according to the examples disclosed herein.

Example Alarm Adaptations

[0069] According to various examples, an alarm manager,
such as the alarm manager 114, performs a wide variety of
actions with reference to adaptation paths specified in alarm
profile information, such as the alarm profile information
116. For instance, in some examples, the alarm manager
receives, via a configuration interface as discussed above, an
adaptation path specifying that the alarm manager should
initially issue an alarm via one or more conduits and later, if
necessary, adapt the alarm to different or multiple conduits.
These conduits may communicate, or cause other devices to
communicate, with the intended recipient via different sen-
sory outputs such as optical (a display, LED, illuminated
electrode, etc . . . ), auditory (a speaker), and tactile (vibrating
output) outputs. In at least one example, the adaptation path
specifies that the alarm be initially issued as a vibration alarm
and subsequently be adapted to a voice instruction using a
voice selected by a user via the configuration interface.
According to these examples, the alarm manager issues the
alarm according to the adaptation path when the alarm is
triggered by an event.

[0070] In other examples, the alarm manager receives, via
the configuration interface, an adaptation path specifying a
duration threshold for the amount of time an alarm may be
silenced by an external entity. In these examples, the adapta-
tion path further specifies that the alarm manager should, if
the alarm is silenced beyond the threshold and no responsive
action has been taken, adapt the alarm by increasing the
intensity or issuance rate of the alarm or by changing the
conduit through which the alarm is communicated. Accord-
ing to these examples, the alarm manager issues the alarm
according to the adaptation path when the alarm is triggered
by an event. Further, according to one example, the alarm
manager adapts, in accord with information specified in the
adaptation path, the alarms silenced beyond the threshold by
changing the alarm from a tone to a voice command request-
ing that the intended recipient take a particular action.
[0071] In other examples, the alarm manager receives, via
the configuration interface, an adaptation path specifying that
if no response is received from an external entity within a
specified response time, the alarm manager should increase
the intensity of an alarm, for example increase the volume in
the case of an auditory alarm. According to these examples,
the alarm manager issues the alarm according to the adapta-
tion path when the alarm is triggered by an event.

[0072] In other examples, the alarm manager receives, via
the configuration interface, an adaptation path specifying that
if no response is received from an external entity within a
specified response time, the alarm manager should change the
content of an alarm, for example change from a tone to a voice
command in the case of an auditory alarm. According to these
examples, the alarm manager issues the alarm according to
the adaptation path when the alarm is triggered by an event.
[0073] In other examples, the alarm manager receives, via
the configuration interface, an adaptation path specifying that
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if no response is received from an external entity within a
specified response time, the alarm manager should modify the
issuance rate with which an alarm is being reported, for
example decrease the duration between re-issuances of the
alarm. According to these examples, the alarm manager
issues the alarm according to the adaptation path when the
alarm is triggered by an event.

[0074] In other examples, the alarm manager receives, via
the configuration interface, an adaptation path specifying that
if no response is received from an external entity within a
specified response time, the alarm manager should modify the
sensory output through which an alarm is being reported, for
example change from auditory to visual indicia or visa-versa.
According to these examples, the alarm manager issues the
alarm according to the adaptation path when the alarm is
triggered by an event.

[0075] In other examples, the alarm manager receives, via
the configuration interface, an adaptation path specifying that
if no response is received from an external entity within a
specified response time, the alarm manager should modify the
content of an alarm, for example change from a gentle gong to
an ear-piercing siren in the case of an auditory alarm. Accord-
ing to these examples, the alarm manager issues the alarm
according to the adaptation path when the alarm is triggered
by an event.

[0076] In other examples, the alarm manager receives, via
the configuration interface, an adaptation path specifying that
if no response is received from an external entity within a
specified response time, the alarm manager should modify the
conduit through which an alarm is reported, for example
change the reporting device from the wearable medical
device controller to another device associated with the
intended recipient. These other devices may include personal
electronic devices (such as smart phones, PDAs, wired and
wireless headphones or headsets, and tablet computing
devices), computer systems (through which alarms may be
reported via, for example, on-screen pop-ups), home base
stations, bedside radios, televisions (through which alarms
may be reported, for example, via on-screen pop-ups or wid-
gets), cars or any other addressable device with an output.
According to these examples, the alarm manager issues the
alarm according to the adaptation path when the alarm is
triggered by an event.

[0077] In other examples, the alarm manager receives, via
the configuration interface, an adaptation path specifying that
the alarm manager issue an alarm to a device other than the
wearable medical device prior to issuing the alarm to the
wearable medical device. For instance, in one example, the
adaptation path specifies that the alarm manager issue an
alarm via a call to an intended recipient’s phone. In another
example, the adaptation path specifies that the alarm manager
issue an alarm through a Bluetooth headset paired with the
wearable medical device. In still another example, the adap-
tation path specifies that the alarm manager issue an alarm via
a text message sent to the intended recipient’s phone. In all of
these examples, if a response is not received by the wearable
medical device within a target response time, the alarm man-
ager issues the alarm via the wearable medical device.
[0078] As with other adaptation paths, this adaptation path
may be configured to apply to one or more specific events of
interest. For example, where the event of interest is detection
of a misplaced or improperly attached electrode, the adapta-
tion path may specify that the alarm manager first issue an
alarm specifying the color of the misplaced or improperly
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attached electrode. Alternatively, this adaptation path may
specify that the alarm manager first issue an alarm by illumi-
nating an LED included within the misplaced or improperly
attached electrode. In another example, the adaptation path
may specify that the alarm manager also issue an alarm via the
user interface that specifies the color of the electrode. In
another example where the event of interest is passage of a
threshold amount of time since a battery included within the
wearable medical device has been replaced, the adaptation
path may specify that the alarm manager first issue an alarm
by sending a text to the phone of an intended recipient.
[0079] In other examples, the alarm manager receives, via
the configuration interface, an adaptation path specifying that
if no response is received from an external entity within a
specified response time, the alarm manager should modify the
intended recipient to a list of intended recipients including,
for example, family members of a patient or local emergency
response personnel. According to these examples, the alarm
manager issues the alarm according to the adaptation path
when the alarm is triggered by an event.

[0080] In other examples, the alarm manager receives, via
the configuration interface, an adaptation path specifying that
if no response is received from an external entity within a
specified response time, the alarm manager should, prior to
each issuance of an alarm, iterate one or more characteristics
of the alarm through a set of values, thereby altering the
characteristics of the alarm each time it is issued. This itera-
tion may cycle through the values and may modify any of the
characteristics of the alarm including the intensity, issuance
rate, content and conduit of the alarm. According to these
examples, the alarm manager issues the alarm according to
the adaptation path when the alarm is triggered by an event.
[0081] In other examples, the alarm manager adjusts the
target response time for one or more alarms based on the
average patient response time to the alarms. For instance, if
the alarm manager detects that the average response time plus
apredefined acceptable margin is less than the target response
time, the alarm manager may modify the target response time
to be equal to the average response time plus the predefined
margin.

[0082] In other examples, the alarm manager determines,
prior to issuance of an alarm, if factors exist that may inhibit
the intended recipient’s (or bystander’s) ability to recognize
the alarm. Exemplary inhibiting factors include environmen-
tal characteristics, such as excessive sensory stimulation,
patient characteristics, such as the physical, mental or emo-
tional state of the patient, and characteristics affecting the
wearable medical device. Where an inhibiting factor is
present, the alarm manager adapts the alarm to increase the
likelihood that the alarm will be recognized despite the pres-
ence of the inhibiting factor. Such adaptations may include
extending the target response time by some predetermined
amount, adjusting the intensity of the alarm or both. In the
case of an audio alarm, adjusting the intensity may include
adjusting the amplitude or the frequency ofthe alarm. In other
examples, the alarm manager detects the amount of motion or
the ambient noise level of the environment of the intended
recipient to determine if these factors may be inhibiting rec-
ognition of the alarm. According to these examples, the alarm
manager extends the target response time or adjusts the inten-
sity of the alarm upon determining that the motion or the
ambient noise level is above a predetermined threshold.
[0083] In other examples, the alarm manager determines,
via a hygrometer such as the hygrometer described above, the



US 2015/0235541 Al

relative humidity of the current environment of the wearable
medical device and alters the audio alarm characteristics to be
more tolerant of the environmental conditions. For instance,
in these examples, the alarm manager may increase the target
response time or increase the volume of an audio alarm to
compensate for the relatively high sound absorption present
in a high humidity environment.

[0084] In other examples, the alarm manager determines
whether the wearable medical device is properly fitted to the
patient. In these examples, if the alarm manager determines
that the wearable medical device is not properly fitted, the
alarm manager adapts alarms to overcome this inhibiting
factor. For instance, the alarm manager may increase the
intensity of a tactile alarm to increase the likelihood that a
patient wearing a loose-fitting medical device feels the tactile
alarm. Alternatively, the alarm manger may change the tactile
alarm to an auditory alarm.

[0085] In another example, the alarm manager uses audio
input or physiological data to determine if the mood or stress
level of the patient may be an inhibiting factor or may affect
the patient’s response to an alarm. In this example, where the
intended recipient appears to be undergoing stress, the alarm
manager decreases the intensity or the duration of the alarm to
prevent panic or some other negative or volatile reaction to the
alarm. In another instance, where the patient appears to be
lying in response to an alarm, the alarm manager repeats the
alarm or alters the alarm to verify the veracity of the response.
Other adaptations may be performed in response to alarm
inhibiting factors and examples are not limited to particular
adaptation paths or inhibiting factors.

[0086] Some wearable medical devices are continuously or
nearly continuously worn by patients for extended periods of
time. In fact, in certain situations, these periods of time can
extend to two months or more. Over these extended time
periods, some patients repeatedly display particularized
alarm response patterns. For instance, a patient who com-
mutes to work in the morning, takes lunch at midday, com-
mutes home in the evening and sleeps at night may display a
repeatedly delayed response pattern at particular points dur-
ing the day, such as during the morning and evening com-
mutes, or when the patient is asleep.

[0087] According to various examples, the alarm manager
analyzes alarm response data for repeating patterns and
adapts alarms issued according to an adaptation path that
addresses the repeating pattern. More particularly, in some of
these examples, the alarm manager identifies the number of
false alarms (e.g. alarms responded to by canceling treat-
ment) that occur over a period of time. In these examples, the
alarm manager compares the number of false alarms to a
threshold value. If the number of false alarms exceeds the
threshold value, the alarm manager reports this event to the
patient and provides the patient with a set of corrective actions
specific to the type of false alarm encountered.

[0088] In other examples, the alarm manager determines
correlations between values of independent variables that
represent a phenomenon and a tendency for a patient to
respond to alarms in a particular way (i.e., follow a particular
alarm response pattern). This phenomenon may be any phe-
nomenon quantifiable and identifiable by the wearable medi-
cal device via sensors or other facilities disclosed herein.
Examples of identifiable phenomenon include one or more
events as described herein, a predetermined series of events
occurring over a predefined span of time, a physical circum-
stance, such as the time of day, and physiological measure-
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ments. According to some examples, the alarm manager may
determine correlations by analyzing information describing
alarms and responses to alarms as this information is pro-
cessed by the wearable medical device. The alarm manager
may periodically scan a history of this alarm response data
that is compiled by the alarm manager during its normal
operation. In one example, the alarm manager scans the his-
tory of alarm response patterns daily, while in another
example, the alarm manager performs this analysis on a
weekly or monthly basis. It is to be appreciated that, in some
ofthese examples, the alarm manager determines correlations
from population samples that vary in size and whose values
are recorded over an extended period of time. Thus, in these
examples, the correlations reflect multiple, discrete alarms
and response episodes.

[0089] Insome examples, the alarm manager identifies one
or more correlations of interest between independent vari-
ables and patient response patterns. Inone example, the alarm
manager identifies interesting correlations by determining
that a value of a correlation exceeds a predetermined thresh-
old. In other examples, the alarm manager automatically cre-
ates one or more alarm profiles for each interesting correla-
tion. In these examples, the alarm manager stores one or more
adaptation paths within the automatically created alarm pro-
files. These adaptation paths specify adaptations that address
the correlated patient response pattern (i.e., adaptations to
alarm characteristics that improve the efficacy of the alarm).
Some specific examples of the adaptations performed by the
alarm manager when implementing these adaptation paths
are described further below. It is to be appreciated that, in
some examples, the alarm manager iteratively adjusts the
adaptation path correlated with the patient response pattern
over an extended period of time. In these examples, the adap-
tation path gradually improves as the alarm manager analyzes
an increasing number of discrete alarms and response epi-
sodes.

[0090] The alarm manager may adapt alarms to accommo-
date a repeating pattern in a variety of ways. For instance, to
accommodate a period of time in which the patient is nor-
mally slow to respond, the alarm manager may simply extend
the target response time for any alarms issued. Alternatively,
if the alarm is of sufficient importance, the alarm manager
may increase the intensity of the alarm or change the conduit
used to communicate the alarm. In another example, to
accommodate a physiological indication that is correlated
with delayed response times by a patient (such as an indica-
tion exhibited by the patient during sleep), the alarm manager
may delay issuance of the alarm until the physiological indi-
cation changes. Examples of the alarm manager may deter-
mine correlations between independent variables, other than
time of day or physiological data, and alarm response pat-
terns, examples of which are not limited to a particular set of
independent variables or alarm response patterns.

[0091] Inother examples, the alarm manager determines if
acuity (or lack of acuity) of the patient’s senses may be an
inhibiting factor and, if so, adapts alarms overcome these
obstacles. For instance, in one example, the alarm manager
administers, within the configuration interface, a hearing test.
In this example, the results of the hearing test are stored in the
alarm profile information and used by the alarm manager to
tailor the audio alarms to a specified frequency, amplitude and
tonal qualities. Further, according to this example, the alarm
manager issues the audio alarms according to the frequency,
amplitude and tonal settings when the audio alarms are trig-
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gered by an event. The adaptations in this example enable the
alarms to be perceived by the intended recipients with partial
hearing loss. In another example designed to address hearing
loss, the alarm manager alters the conduit through which
audio alarms are presented, instead presenting the alarms as
visual alarms through a display.

[0092] In other examples, the alarm manager receives, via
the configuration interface, an indication that the patient pos-
sesses impaired sight. In these examples, the alarm manager
alters the conduit through which visual alarms are presented
to a non-visual conduit. Non-visual conduits include an audi-
tory conduit (e.g., a speaker) or a tactile conduit (vibration or
Braille printout). Alarms issued through a vibrating tactile
conduit may simply vibrate once, vibrate repeatedly or
vibrate according to a signature pattern, such as Morse code.
[0093] In other examples, the alarm manager receives, via
the configuration interface, an adaptation path specifying that
if no response is received from an external entity within a
specified response time, the alarm manager should determine
if any bystanders are near the intended recipient. In these
examples, the adaptation path may further specify that where
bystanders are detected, the alarm manager should adjust the
content of the alarm to direct it to the bystanders. In one
example, the alarm manager detects the presence of bystand-
ers by determining a difference between a detected voice
pattern and a sample voice pattern of the intended recipient
that is stored in the alarm profile information. According to
these examples, the alarm manager issues the alarm accord-
ing to the adaptation path when the alarm is triggered by an
event.

[0094] In other examples, the alarm manager determines
that the patient may be asleep and, in response, increases
alarm intensities and target response times. In these
examples, the alarm manager determines that the patient may
be asleep by analyzing any combination ofa variety of factors
including: physiological data (such as heart rate and respira-
tion), the current time of day, and the presence (or lack) of
patient motion, the body position of the patient and the prox-
imity of the patient to a home base station near the patient’s
bed. In one example, the home base station is configured in
accord with the base unit described in co-pending application
Ser. No. 13/286,533, entitled REMOTE DEVICE ALARM,
filed Nov. 1, 2011, which is incorporated by reference herein
in its entirety. Further the alarm manager may receive, via the
configuration interface, an adaptation path that specifies a
multi-stage alarm in which an intense, initial “wake-up”
alarm is followed by a separate alarm reporting the event of
interest with different intensity and content. Alternatively, the
adaptation path may specify that alarms should be routed to a
home base station so that the triggered alarms are communi-
cated with greater intensity. According to these examples, the
alarm manager issues the alarm according to the adaptation
path when the alarm is triggered by an event.

[0095] In other examples, the alarm manager determines
that the patient may be mentally or physically impaired and,
in response, directs the alarm to another intended recipient,
such as a doctor, relative or other caregiver. In these examples,
the alarm manager determines that the patient may be men-
tally impaired by analyzing any combination of a variety of
factors including: physiological data (such as heart rate and
respiration), the presence (or lack) of patient motion, and
audio input (to determine if the patient’s speech is impaired).
[0096] In other examples, the alarm manager receives, via
the configuration interface, an adaptation path that specifies
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that when the patient fails to take medication according to a
prescribed schedule, the alarm manager issue an alarm
reminding the patient to do so. In these examples, the alarm
manager determines that the patient failed to take medication
by analyzing physiological data (such as heart rate and res-
piration) or by questioning the patient via the user interface.
In some of these examples, particular patterns in the physi-
ological data may be linked to particular medications and
these links may be use to provide specific alarms to the
patient. For instance, if the physiological data exhibits a pat-
tern indicative of congestive heart failure and that pattern is
linked to lisinopril, the alarm manager may issue an alarm to
remind the patient to take a prescribed dose of lisinopril.

[0097] In other examples, the alarm manager receives, via
the configuration interface, an adaptation path that specifies
adjustments of the intensity, issuance rate or duration of an
alarm based on the severity of the event of interest. For
instance, in some examples in which the wearable medical
device controller is incorporated into a wearable defibrillator,
the adaptation path may define particular alarm characteris-
tics to indicate the number and type of electrodes that are not
properly positioned on the patient’s body. In one example, the
adaptation path may specify different tones to indicate incor-
rect positioning for ECG electrodes and therapy pads. Simi-
larly, in this example, the adaptation path may specify
increasing alarm intensities to indicate increasing numbers of
electrodes being out of position. According to these
examples, the alarm manager issues the alarm according to
the adaptation path when the alarm is triggered by an event.

[0098] In other examples, the alarm manager is trained by
the patient, via the configuration interface, to detect one or
more locations, such as a car, office or home, frequently
visited by the patient. In one of these examples, the alarm
manager receives a location identifier from a user via the
configuration interface, records and stores information rep-
resentative of the ambient noise within the location and cre-
ates and stores an association between the location and the
stored ambient noise information. In another of these
examples, the alarm manager receives a location identifier
from a user via the configuration interface, records and stores
information representative of the current GPS position of the
wearable medical device controller and creates and stores an
association between the location and the current GPS posi-
tion. According to these examples, the alarm manager auto-
matically detects the location of the wearable medical device
controller, sets the alarm mode parameter to a value associ-
ated with the location and adjusts the triggered alarms accord-
ingly (both according to the alarm mode parameter in general
and as defined by the adaptation paths associated with the
alarms).

[0099] In a particular example, where the alarm mode
parameter indicates the patient is occupying a vehicle, the
alarm manager issues, via the network interface 106, alarms
to the patient through an in-vehicle communications and
entertainment system, such as OnStar, SYNC, MyFord
Touch, BMW Assist and Lexus Link, that allows users to
make hands-free telephone calls and control music and other
functions using voice commands. In this example, the alarm
manager provides an interface to the patient via the in-vehicle
communications and entertainment system. In addition,
according to this exaniple, the alarm manager may employ
the facilities of the in-vehicle communications system to
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issue notifications to intended recipients other than the
patient, for example sending a request for help to monitoring
or emergency personnel.

[0100] According to another example, where the alarm
mode parameter indicates the patient is at home, the alarm
manager issues, via the network interface 106, alarms to the
patient through a home security system that allows users to
make hands-free telephone calls and control functions using
voice command or through a television or computer located
within the home of the patient. In this example, the alarm
manager provides an interface to the patient via the home
security system, television or computer. In addition, accord-
ing to this example, the alarm manager may employ the
facilities of the home security system to issue notifications to
intended recipients other than the patient, for example send-
ing a request for help to monitoring or emergency personnel.
[0101] According to another example, where the alarm
mode parameter indicates the patient using a personal elec-
tronic device, the alarm manager issues, via the network
interface 106, alarms to the patient through the personal elec-
tronic device. In this example, the alarm manager provides an
interface to the patient via the personal electronic device. In
addition, according to this example, the alarm manager may
employ the facilities of the personal electronic device to issue
notifications to intended recipients other than the patient, for
example sending a request for help to monitoring or emer-
gency personnel. Moreover, the alarm manager may preempt
the normal functioning ofthe personal electronic device when
issuing alarms. For instance, where the personal electronic
device is being used to make a phone call, the alarm manager
may send alarms and messages into the phone so they can be
heard from an external entity. In another example, the per-
sonal electronic device may include a light, buzzer or some
other sensory output that is activated by the alarm manager
when the alarm manager issues an alarm.

[0102] In yet another example, a sensory output, such as a
light, is positioned within the field of vision of a patient by
being integrated into a pair of glasses that are worn by the
patient. According to this example, the alarm manager acti-
vates the light when issuing an alarm, thereby notifying the
patient of the alarm.

[0103] In other examples, the alarm manager provides a
user interface, via the user interface 108, that receives and
responds to voice commands. According to this example, the
alarm manager validates the identity of the speaker by veri-
fying that the voice pattern matches a voice pattern stored in
data storage, such as the data storage 104. Further, according
to this example, the configuration interface receives and
responds to voice commands and allows external entities,
such as the patient or monitoring personnel to configure alarm
information using voice commands.

[0104] Having thus described several aspects of at least one
embodiment of this invention, it is to be appreciated various
alterations, modifications, and improvements will readily
occur to those skilled in the art. Such alterations, modifica-
tions, and improvements are intended to be part of this dis-
closure, and are intended to be within the scope of the inven-
tion. Accordingly, the foregoing description and drawings are
by way of example only.

What is claimed is:
1. A ambulatory medical device comprising:

amemory storing a plurality of adaptation paths associated
with an alarm; and
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at least one processor coupled to the memory and config-

ured to:

issue a first instance of the alarm;

adapt at least one characteristic of the alarm according to
atleast one adaptation path selected from the plurality
of adaptation paths; and

issue a second instance of the alarm having the at least
one adapted characteristic.

2. The ambulatory medical device of claim 1, wherein the
at least one processor is configured to:

determine that no predetermined response to the first

instance of the alarm was received within a target
response time period, and

adapt the at least one characteristic of the alarm in response

to determining that no predetermined response was
received.

3. The ambulatory medical device of claim 1, wherein the
at least one adaptation path is selected from the plurality of
adaptation paths based on a current parameter of the device.

4. The ambulatory medical device of claim 1, wherein the
at least one adaptation path is selected from the plurality of
adaptation paths based on a current alarm mode of the device.

5. The ambulatory medical device of claim 1, wherein the
at least one adaptation path is selected from the plurality of
adaptation paths based on at least one of a normal alarm
mode, a silent alarm mode, a loud alarm mode, a vehicle
alarm mode, a walking alarm mode, and a personal electronic
device alarm mode.

6. The ambulatory medical device of claim 1, wherein the
at least one adaptation path is selected from the plurality of
adaptation paths based on detecting a predetermined response
pattern.

7. The ambulatory medical device of claim 1, wherein the
at least one adaptation path is selected from the plurality of
adaptation paths based on receiving user response suspending
an alarm beyond a predetermined duration threshold.

8. The ambulatory medical device of claim 1, wherein the
at least one adapted characteristic includes at least one of an
increased intensity and an increased issuance rate.

9. The ambulatory medical device of claim 1, wherein the
at least one processor is configured to detect an occurrence of
an event that includes at least one of a physiological abnor-
mality, failure to take medication, and anevent concerning the
ambulatory medical device.

10. The ambulatory medical device of claim 9, wherein the
physiological abnormality includes a cardiac abnormality.

11. The ambulatory medical device of claim 9, wherein the
event concerning the ambulatory medical device indicates a
component in need of service.

12. The ambulatory medical device of claim 9, wherein the
event concerning the ambulatory medical device indicates a
misplaced electrode.

13. The ambulatory medical device of claim 9, wherein the
event concerning the ambulatory medical device indicates an
improperly attached electrode.

14. The ambulatory medical device of claim 9, wherein the
event concerning the ambulatory medical device indicates
expiration of a threshold amount of time since a battery
included in the ambulatory medical device was replaced.

15. The ambulatory medical device of claim 1, wherein the
at least one characteristic of the alarm includes at least one of
a target recipient of the alarm, content of the alarm, an inten-
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sity of the alarm, a conduit of the alarm, an issuance rate of the
alarm. a potential response to the alarm, and the target
response time.

16. The ambulatory medical device of claim 1, wherein the
at least one adapted characteristic includes a conduit with a
sensory output different from a sensory output of the first
instance of the alarm.

17. The ambulatory medical device of claim 1, wherein the
at least one adapted characteristic includes a plurality of
conduits.

18. The ambulatory medical device of claim 1, wherein the
at least one adapted characteristic includes a voice command.

19. The ambulatory medical device of claim 1, wherein the
atleast one adapted characteristic includes content directed to
bystanders.

20. The ambulatory medical device of claim 1, wherein the
at least one adapted characteristic includes a conduit of a
computer system distinct from the ambulatory medical
device.

21. The ambulatory medical device of claim 20, wherein
the computer system includes at least one of a personal elec-
tronic device, a home base station, a bedside radio, a televi-
sion, a car, a monitoring system, and an emergency response
system.

22. The ambulatory medical device of claim 21, wherein
the personal electronic device includes at least one of glasses,
a phone, a tablet, a pen, a personal entertainment device,
headphones, sports equipment, a personal digital assistant,
and an earpiece.

23. The ambulatory medical device of claim 1, wherein the
memory stores a parameter specifying an alarm mode and the
at least one processor is configured to issue the first instance
of the alarm according to the alarm mode.

24. The ambulatory medical device of claim 23, wherein
the alarm mode specifies that alarms be issued via an in-
vehicle system.

25. The ambulatory medical device of claim 23, wherein
the alarm mode specifies that alarms be issued via an output
embedded within an article of clothing.

26. The ambulatory medical device of claim 23, wherein
the alarm mode specifies that alarms be issued via a personal
electronic device.

27. The ambulatory medical device of claim 23, wherein
the alarm mode specifies that alarms be issued via a home
security system.

28. The ambulatory medical device of claim 23, wherein
the at least one processor is further configured to:

detect a location of the ambulatory medical device; and

set the parameter to an alarm mode based on the location.
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29. A method executed by a ambulatory medical device, the
method comprising:

detecting an occurrence of an event;

issuing a first instance of an alarm responsive to detecting

the occurrence;

determining that no predetermined response to the first

instance of the alarm was received within a target
response time;

adapting, responsive to determining that no predetermined

response was received within the target response time, at
least one characteristic of the alarm according to at least
one adaptation path of a plurality of adaptation paths
stored in a memory of the ambulatory medical device;
and

issuing a second instance of the alarm, the second instance

of the alarm having the at least one adapted characteris-
tic.

30. The method of claim 29, wherein adapting the at least
one characteristic includes adapting at least one of a target
recipient of the alarm, content of the alarm, an intensity of the
alarm, a conduit of the alarm, an issuance rate of the alarm, a
potential response to the alarm, and the target response time.

31. A non-transitory computer readable medium storing
sequences of instructions executable by at least one proces-
sor, the sequences of instructions instructing the at least one
processor to adapt alarms issued by a ambulatory medical
device, the sequences of instructions including instructions
to:

detect an occurrence of an event;

issue a first instance of an alarm responsive to detecting the

occurrence;

determine that no predetermined response to the first

instance of the alarm was received within a target
response time;

adapt, responsive to determining that no predetermined

response was received within the target response time, at
least one characteristic of the alarm according to at least
one adaptation path of a plurality of adaptation paths
stored in a memory of the ambulatory medical device;
and

issue a second instance of the alarm, the second instance of

the alarm having the at least one adapted characteristic.

32. The computer readable medium of claim 31, wherein
the instructions to adapt include instructions to adapt the at
least one characteristic by adapting at least one of a target
recipient of the alarm, content of the alarm, an intensity of the
alarm, a conduit of the alarm, an issuance rate of the alarm, a
potential response to the alarm, and the target response time.
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