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REMOTE MEDICAL DEVICE ALARM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C.
§120 as a continuation of U.S. application Ser. No. 13/286,
533, titled “REMOTE MEDICAL DEVICE ALARM,” filed
on Nov. 1, 2011, which claims priority under 35 U.S.C. §119
(e) to U.S. Provisional Application Ser. No. 61/411,189
entitled “REMOTE MEDICAL DEVICE ALARM,” filed
Nov. §, 2010, which is incorporated herein by reference in its
entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention is directed to a remote alarm
for use with a wearable medical device.

[0004] 2. Discussion of Related Art

[0005] During the course of use, a wearable medical device,
such as a wearable defibrillator, a wearable insulin pump, etc.,
may issue audible alarms, voice prompts or messages, or
visual messages to alert the patient or a bystander to a medical
condition, to direct them to take some action to correct a
problem, to call for assistance, to request information from
the patient or the bystander, or to provide feedback to the
device so that the device may continue to function properly.
For example, where the wearable medical device is a weat-
able defibrillator, if the device determines that the patient is
experiencing cardiac arrhythmia, the device may issue alarms
and voice messages instructing the patient to indicate that
they are conscious by pressing and holding a button associ-
ated with the device, thereby instructing the device to with-
hold the delivery of a defibrillating shock. If the patient does
notrespond, the device may presume that the patient is uncon-
scious, and proceed with the treatment sequence, culminating
in the delivery of one or more defibrillating shocks to the body
of the patient. Alarms and messages may also be directed to a
bystander instructing the bystander to call for medical assis-
tance, or to alert any bystanders that a defibrillating shock is
about to be delivered and to stand clear of the patient.

SUMMARY OF THE INVENTION

[0006] Applicants have appreciated that there may be cir-
cumstances where the alarms and messages may not be
received by the patient or bystanders. For example, where the
patient is asleep in bed, the patient may be sleeping so
soundly that the alarms and voice messages are not loud
enough to wake the patient. Alternatively or additionally, the
speaker region of the wearable medical device may be
blocked or shielded by bedding or an article of clothing,
thereby reducing the sound to a level where the patient or
bystander does not hear the alarms, voice prompts or mes-
sages. Even where the patient may be awake, the patient may
be located in a noisy environment, such that they cannot hear
the alarms or messages.

[0007] According to an aspect of the present invention, a
remote alarm is provided for use with a wearable medical
device. In accordance with one embodiment, the remote
alarm is configured to receive alarms, voice messages and
prompts issued by the wearable medical device and to repeat
those alarms, voice messages and prompts in a manner that
can more easily be perceived by a patient wearing the wear-
able medical device or a bystander. In accordance with
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another embodiment, the remote alarm can be configured to
receive a communication from the wearable medical device,
and in response to that communication, to identify one or
more messages to be provided to the patient or a bystander.
The messages may be provided audibly or visually, or both. In
certain embodiments, in addition to providing messages to
the patient or bystander, the remote alarm may further be
configured to take certain actions depending upon the content
of the communication, such as sending a telephone message
to alert emergency personnel to the identity, location and
medical condition of the patient, or sending an email to a
friend or relative.

[0008] In accordance with one embodiment of the present
invention, a remote alarm is provided for use with a wearable
medical device. The remote alarm comprises an RF receiver
to receive an RF signal indicative of a message to be provided
by the wearable medical device, an audio circuit, electrically
coupled to the receiver, to convert the message to an audio
signal, and an audio display device. The audio display device
is electrically coupled to the audio circuit to receive the audio
signal and reproduce the message to be provided by the wear-
able medical device. In accordance with an aspect of this
embodiment, the receiver receives the RF signal using one of
a Bluetooth, Wireless USB, and a ZigBee communication
standard, and the message is a voice message, siren, or tone .
In accordance with another aspect of this embodiment, the
wearable medical device is a wearable defibrillator. In accor-
dance with a further aspect of this embodiment, the message
is reproduced at a greater volume than can be provided by the
wearable medical device. In accordance with a further aspect
of this embodiment, the remote alarm includes a high inten-
sity light bulb that illuminates in response to receipt of the
message.

[0009] In one embodiment, the RF receiver, the audio cir-
cuit, the audio display device, and the light bulb are integrated
into a first device configured to be directly plugged into an AC
power receptacle. In a further embodiment, the remote alarm
further comprises a second device, distinct from the first
device, wherein the second device includes a response button
by which a response to the message can be provided, and an
RF transmitter to transmit the response to the wearable medi-
cal device. In a still further embodiment, the remote alarm
may further comprise a third device, distinct from the first
device and the second device, the third device including an RF
receiver to receive the RF signal indicative of the message to
be provided by the wearable medical device, and an electro-
mechanical vibrator configured to vibrate in response to
receipt of the message.

[0010] In accordance with another embodiment of the
present invention, a remote alarm for use with a wearable
medical device is provided. The remote alarm comprises an
RF transceiver to receive an RF communication from the
wearable medical device, a processor, an audio circuit, and an
audio display device. The processor is electrically coupled to
the RF transceiver to process the communication and to iden-
tify a message based upon a content of the communication.
The audio circuit is electrically coupled to the processor and
configured to convert the message to an audio signal, and the
audio display device is electrically coupled to the audio cir-
cuit and configured to audibly reproduce the message. In
accordance with one aspect of this embodiment, the message
may include a text message, and the audio circuit includes a
voice synthesizer that is configured to convert the text mes-
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sage to an audio signal, that when reproduced by the audio
display device, corresponds to a speech version of the text
message.

[0011] In accordance with another aspect of this embodi-
ment, the message is a first message, and the remote alarm
further comprises at least one communication interface that is
electrically coupled to the processor and communicatively
coupled to a network. The at least one communication inter-
face is configured to communicate a second message over the
network in response to receipt of the communication. In
accordance with a further aspect of this embodiment, in
response to the content of the communication indicating that
apatient wearing the wearable medical device is experiencing
amedical condition, the processor is configured to instruct the
at least one communication interface to send the second mes-
sage over the network to emergency personnel. In accordance
with an aspect of this embodiment, the at least one commu-
nication interface includes at least one of a telephone network
interface, a computer network interface, and a cellular net-
work interface. In accordance with another aspect of this
embodiment, the processor instructs the at least one commu-
nication interface to communicate the second message over
the network to emergency personnel responsive to the content
of the communication indicating that a patient wearing the
wearable medical device is experiencing a medical emer-
gency. In accordance with a further aspect of this embodi-
ment, the second message identifies the patient, a physical
location of the patient, and the medical emergency.

[0012] In accordance with yet another aspect of this
embodiment, the processor further instruct the at least one
communication interface to communicate a third message
over the network to at least one of a caregiver of the patient
and a relative of the patient. In accordance with an aspect of
the present invention, the wearable medical device can be a
wearable defibrillator.

[0013] In accordance with a still further aspect of this
embodiment, the remote alarm may include additional cir-
cuitry capable of performing other functions, such as a user
interface to receive feedback from the patient or a bystander,
and a battery charging and conditioning circuit to receive,
charge, and condition a rechargeable battery of the wearable
medical device. In certain embodiments, feedback received
from the patient or a bystander may be transmitted to the
wearable medical device. For example, in one embodiment,
the remote alarm further comprises a user interface, electri-
cally coupled to the processor. In this embodiment, the user
interface is configured to receive a response to the message,
and the processor send the response to the wearable medical
device via the RF transceiver in response to receipt of the
response to the message by the user interface. In accordance
with a further aspect of this embodiment, the message is a first
message, and the remote alarm further comprise at least one
communication interface that is electrically coupled to the
processor and communicatively coupled to a network, the at
least one communication interface being configured to com-
municate a second message over the network in response to
receipt of the communication. In accordance with one
embodiment, inresponse to the content of the communication
indicating that a patient wearing the wearable medical device
is experiencing a medical emergency, and responsive to the
remote alarm not receiving any response to the message, the
processor instructs the at least one communication interface
to communicate the second message over the network to
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emergency personnel, the second message identifying at least
one of the patient, a physical location of the patient, and the
medical emergency.

[0014] In accordance with one embodiment, the remote
alarm includes a clip configured to secure the remote alarm to
an ear of a patient wearing the wearable medical device, and
in accordance with another embodiment, the remote alarm
includes a strap configured to secure the remote alarm to a
wrist of a patient wearing the wearable medical device.
[0015] In accordance with another aspect of the present
invention, a method of remotely alerting a patient wearing a
wearable medical device to a medical condition is provided.
The method comprises acts of receiving, on a first device that
is distinct from the wearable medical device, a communica-
tion from the wearable medical device; processing, on the
first device, the communication to identify a message to be
communicated to the patient based upon a content of the
communication; determining, on the first device, whether the
message is to be immediately communicated to the patient;
and converting the message to an audio signal and audibly
reproducing the message on the first device to alert the patient
to the medical condition in response to a determination that
the message is to be immediately communicated to the
patient.

[0016] Inaccordance with one embodiment, the message is
a first message, and the method further comprising acts of
waiting, responsive to the act of converting and audibly repro-
ducing the first message, a predetermined period of time fora
response to the first message; and communicating, over a
communication network to which the first device is commu-
nicatively coupled, a second message to at least one of emer-
gency medical personnel, a caregiver of the patient, and a
relative of the patient to alert them to the medical condition in
response to not receiving the response to the first message
within the predetermined period of time.

[0017] In accordance with another embodiment, the
method further comprises acts of converting the message to a
text message in response to a determination that the message
is not to be immediately communicated to the patient; storing
the text message in a memory of the first device; and setting an
indicator on the first device to alert the patient to the stored
text message.

[0018] In accordance with yet another embodiment, the
message is a first message, and the method further comprises
an act of sending a second message from the first device to a
second device that is distinct from the first device and the
wearable medical device, the second message instructing the
second device to vibrate in response to receipt of the second
message to alert the patient to the medical condition.

[0019] Still other aspects, embodiments, and advantages of
these exemplary aspects and embodiments, 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
embodiments of the present invention, and are intended to
provide an overview or framework for understanding the
nature and character of the claimed aspects and embodiments.
Any embodiment disclosed herein may be combined with any
other embodiment in any manner consistent with at least one
of the objects, aims, and needs disclosed herein, and refer-
ences to “an embodiment,” “some embodiments,” “an alter-
nate embodiment,” * ” “one embodi-

various embodiments,

ment,” “at least one embodiment,” “this and other
embodiments” or the like are not necessarily mutually exclu-
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sive and are intended to indicate that a particular feature,
structure, or characteristic described in connection with the
embodiment may be included in at least one embodiment.
The appearance of such terms herein is not necessarily all
referring to the same embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings are not intended to be
drawn to scale. In the drawings, each identical or nearly
identical component that is illustrated in various figures is
represented by a like numeral. For purposes of clarity, not
every component may be labeled in every drawing. In the
drawings:

[0021] FIG.1illustrates a wearable medical device, such as
a wearable defibrillator and an associated base unit;

[0022] FIG.2isafunctional block diagram ofremote alarm
that may be used with a wearable medical device in accor-
dance with an aspect of the present invention;

[0023] FIG. 3 illustrates a remote alarm that may be used
with a wearable medical device in accordance with an aspect
of the present invention in which the remote alarm includes a
number of discrete alarm devices; and

[0024] FIG. 4 illustrates several alternative embodiments
of a remote alarm in accordance with aspects of the present
invention.

DETAILED DESCRIPTION

[0025] This invention is not limited in its application to the
details of construction and the arrangement of components
set forth in the following description or illustrated in the
drawings. The invention is capable of other embodiments and
of being practiced or of being carried out in various ways.
Also, the phraseology and terminology used herein is for the
purpose of description and should not be regarded as limiting.
The use of “including,” “comprising,” “having,” “contain-
ing,” “involving,” and variations thereof herein is meant to
encompass the items listed thereafter and equivalents thereof
as well as additional items.

[0026] FIG.1illustrates a wearable medical device 100 and
an associated base unit 130. In the embodiment depicted in
FIG. 1, the wearable medical device 100 is a wearable
defibrillator, such as a LifeVest® wearable cardioverter
defibrillator available from Zoll Medical Corporation of
Chelmsford, Mass. As shown, the wearable medical device
100 includes a harness 110 having a pair of shoulder straps
and a belt that is worn about the torso of a patient. The
wearable medical device 100 includes a plurality of ECG
sensing electrodes 112 that are attached to the harness 110 at
various positions and electrically coupled to a control unit
120. The wearable medical device 100 also includes a plural-
ity of therapy electrodes 114 that are electrically coupled to
the control unit and capable of delivering one or more thera-
peutic defibrillating shocks to the body of the patient, if it is
determined that such treatment is warranted. Although not
shown, the wearable medical device 100 may include addi-
tional sensors, other than the ECG sensing electrodes 112,
capable of monitoring the physiological condition or activity
of the patient. For example, sensors capable of measuring
blood pressure, heart rate, thoracic impedance, pulse oxygen
level, respiration rate, heart sounds, and the activity level of
the patient may also be provided.

[0027] In use, the control unit 120 of the wearable medical
device 100 monitors ECG signals provided by the plurality of

2 <
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BCG electrodes 112 and, where provided, some or all of the
signals provided by other sensors. Where the control unit 120
determines that the patient is experiencing cardiac arrhyth-
mia, the control unit 120 may issue an audible alarm via a
loudspeaker (not shown) on the control unit 120 or on the
harness 110 alerting the patient and any bystanders to the
patient’s medical condition. The control unit 120 may also
instruct the patient to press and hold a button (not shown) on
the control unit 120 or elsewhere to indicate that the patient is
conscious, thereby instructing the control unit 120 to with-
hold the delivery of one or more therapeutic defibrillating
shocks.

[0028] As shown in FIG. 1, the wearable medical device
100 may be associated with a base unit 130. For example, in
the LifeVest® wearable cardioverter defibrillator, a base unit
130 is provided that is capable of performing a number of
different functions. One of the functions performed by the
base unit 130 is to charge an auxiliary battery that is used to
provide power to the wearable medical device. The Life-
Vest® wearable cardioverter defibrillator is provided with
two batteries, such that one of the batteries is recharged while
the other is providing power to the device. When the battery
that is providing power to the device needs recharging, it is
swapped with the auxiliary battery, and recharged, with this
cyclebeing repeated throughout the duration of patient usage.
Another of the functions performed by the base unit 130 is to
store and/or communicate information received from the
wearable medical device over a wired or wireless communi-
cation network. For example, information relating to the
patient’s medical condition over a period of time may be
communicated by the base unit 130 to a medical service
provider, such as a doctor, so that the doctor may remotely
monitor the patient’s medical condition. The information
received by the base unit 130 may be communicated over the
network shortly after it is received by the base unit 130, or
alternatively, may be stored in a memory of the base unit 130
and communicated over the network at a later time. The
information that is communicated by the base unit 130 may be
retained in the memory of the base unit.

[0029] Thebase unit 130 includes a visual display 131 that
can communicate visual messages to the patient or a
bystander, an audio output device 134, such as a loudspeaker,
that can communicate audible messages to the patient or a
bystander, and a plurality of buttons 133 by which the patient
or a bystander can communicate with the base unit 130. In
certain embodiments, the visual display 131 may include a
touch screen display, such that the patient or a bystander may
also communicate with the base unit via the visual display
131. The base unit 130 includes at least one charging bay 132
to receive a rechargeable auxiliary battery, such as a three cell
2200 mAh lithium ion battery pack, that can be used to
provide power to the wearable medical device 100. The base
unit 130 also includes several different communication inter-
faces including: a device communication interface 138 to
receive information from the control unit 120 of the wearable
medical device, a telephone network interface 136 to com-
municate, via a telephone network, the information received
from the wearable medical device, and a network interface
137 to communicate, via a wired network connection, the
information received from the wearable medical device. In
certain embodiments, the base unit 130 also includes an
antenna 135 that can wirelessly communicate the information
received from the wearable medical device via acellular (e.g.,
2@, 3G, and 4G) network.
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[0030] FIG. 2 illustrates a remote alarm 200A, 200B that
may be used with a wearable medical device 300, such as a
wearable defibrillator, a wearable insulin infusion pump, or
any other type of wearable medical device in accordance with
an aspect of the present invention. The wearable medical
device 300 generally includes at least one processor, micro-
processor, or controller 310, such as a processor commer-
cially available from companies such as Texas Instruments,
Intel, AMD, Sun, IBM, Motorola, Freescale and ARM Hold-
ings. In one exemplary embodiment directed to a wearable
defibrillator, the at least one processor 310 may include a
power conserving processor arrangement that includes a gen-
eral purpose processor, such as an Intel® PXA270 processor
and a special purpose processor, such as a Freescale
DSP56311 Digital Signal Processor, as described in co-pend-
ing U.S. application Ser. No. 12/833,096, entitled SYSTEM
ANDMETHOD FOR CONSERVING POWER IN A MEDI-
CAL DEVICE, filed Jul. 9, 2010 (hereinafter the 096 appli-
cation”) and incorporated by reference herein in its entirety.
The at least one processor 310 is electrically coupled to a
plurality of sensors 325, such as ECG sensing electrodes 112
and therapy electrodes 114 (FIG. 1) to monitor the patient’s
medical condition, and in some embodiments, to provide
medical treatment to the patient in response to a detected
medical condition, such as cardiac arrhythmia.

[0031] In accordance with an aspect of the present inven-
tion, the wearable medical device 300 also includes a wireless
Radio Frequency (RF) transceiver 320 that is electrically
coupled to the at least one processor 310 and capable of
wirelessly and bi-directionally communicating with the
remote alarm 200A, 200B. In certain embodiments, the wire-
less RF transceiver 320 may communicate with the remote
alarm 200A, 200B using a wireless communication standard
and protocol that is optimized for low cost and shorter dis-
tance (e.g.. 10 meters) communications, such as Bluetooth,
Wireless USB, or ZigBee. In other embodiments, the RF
transceiver 320 may communicate with the remote alarm
200A, 200B using a communication standard and protocol
capable of communicating over greater distances, such as
Wireless Ethernet, or GSM. For example, in one embodi-
ment, the RF transceiver 320 may communicate via wireless
Fthernet with a large format display device, such as a televi-
sion or an Ipad® to display status, alerts or reminders com-
municated by the wearable medical device. In certain
embodiments, where low cost is a concern, or where commu-
nication in only one direction is desired, the wireless RF
transceiver 320 may be replaced with a wireless RF transmit-
ter capable of transmitting an analog signal. Although the
wireless medical device 300 would not be able to receive
messages from the remote alarm 200A, 200B, this embodi-
ment would still be capable of sending information to the
remote alarm over a wireless communication channel as dis-
cussed further below.

[0032] In accordance with one embodiment of the present
invention, the remote alarm 200 A, 200B may be implemented
as alow-cost device with a singular purpose of being a remote
bed-side or table-top alarm that is capable of repeating
alarms, voice prompts, and messages issued by the wearable
medical device. A functional block diagram of such a single
purpose, low-cost, remote alarm is identified in FIG. 2 by
reference designator 200A. In an alternative embodiment, the
remote alarm 200A, 200B may include additional function-
ality, such as, for example, the ability to receive, charge and
condition one or more auxiliary rechargeable batteries, the

Apr. 23, 2015

ability to function as an alarm clock, the ability to receive and
store information indicative of the patient’s medical condi-
tion, the ability to communicate information, including infor-
mation indicative of the patient’s medical condition, to a
medical service provider, to a friend or relative, or to emer-
gency personnel over a wired, wireless, or telephone network,
etc. A functional block diagram of such a multi-function
remote alarm is identified in FIG. 2 by reference designator
200B. Each of these embodiments is now described in detail
below.

[0033] The remote alarm 200A includes a wireless RF
receiver 220 that is electrically coupled to an audio circuit
230, which is, in turn, electrically coupled to an audio output
device 235, such as a loudspeaker. The wireless RF receiver
220 is capable of receiving an analog RF signal from the
wearable medical device 300 that carries the same informa-
tion as that which would be provided to audio circuitry
included in the wearable medical device. The information
received by the RF receiver 220 is provided to the audio
circuit 230 that converts the received information to an audio
signal capable of being reproduced by the audio output device
235. In this embodiment, the remote alarm 200A simply
repeats the same alarms, voice prompts, and voice messages
that would be provided by the wearable medical device 300.
However, because the remote alarm 200A may be placed ina
location where it will not be blocked by bedding, clothing, or
other obstructions, and because the audio output device can
be larger than that on the wearable medical device, the sound
emitted by the remote alarm 200A will be louder than that
provided by the wearable medical device 300 and more likely
to be heard by the patient or any bystander. It should be
appreciated that rather than transmitting an analog RF signal
to the remote alarm 200A, a digital RF signal may used
instead. However, the use of digital communication may
require additional circuitry, such as a Digital-to-Analog con-
verter, which may be avoided by using an analog RF trans-
mission where cost is a paramount concern.

[0034] The remote alarm 200B is capable of performing
functions in addition to those described with respect to
remote alarm 200A, and may be integrated into a base unit,
suich as the base unit 130 described with respect to FIG. 1. The
remote alarm 200B includes a processor 210 that is electri-
cally coupled to a wireless RF transceiver 221 and an audio
circuit 231, with the audio circuit 231 being electrically
coupled to an audio output device 235, such as a loudspeaker.
The remote alarm 200B also includes a memory 280, such as
RAM, ROM, or Flash memory that is electrically coupled to
the processor 210. Although the memory 280 is shown as
being separate from the processor, it should be appreciated
that certain commercially available processors may include
the memory on the same integrated circuit as the processor
210. Moreover, the memory 280 may include other types of
memory, such as magnetic disk memory, optical memory, a
USB jump drive, etc. The processor 210 may be any general
purpose or special purpose processor available from compa-
nies such as Texas Instruments, Intel, Sun, AMD, IBM,
Motorola, etc.

[0035] The wireless RF transceiver 221 is capable of wire-
lessly and bi-directionally communicating with the wearable
medical device 300, and may include any type of transceiver
that is compatible with the communication standard and pro-
tocol used by the transceiver 320 of the wireless medical
device 300, such as Bluetooth, Wireless USB, ZigBee, etc. In
certain embodiments, where low cost is a concern, or where
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communication in only one direction is desired, the wireless
RF transceiver 221 may be replaced with a wireless RF
receiver, such as that described above with respect to remote
alarm 200A, such that the remote alarm 200B can receive
messages and alarms transmitted by the wearable medical
device, but cannot send communications back to the wearable
medical device 300. The audio circuit 231 may be any audio
circuit capable of providing an audio signal to the audio
output device 235. In certain embodiments, the audio circuit
231 may include a voice synthesizer capable of converting
text messages to audible voice messages.

[0036] In accordance with certain embodiments of the
present invention, the remote alarm 200B may include addi-
tional circuitry to implement additional functionality. For
example, the remote alarm 200B may include a plurality of
communication interfaces, such as a telephone network inter-
face 240 by which the remote alarm 200B can communicate
over a telephone network, a wired or wireless computer net-
work interface 250 by which the remote alarm 200B can
communicate over a computer network, and a cellular net-
work interface 260 by which the remote alarm 200B can
communicate over a cellular (e.g., 2G, 3G, 4G) network.
Other circuitry that may be included in the remote alarm 200B
may include a battery recharging and conditioning circuit 270
capable of conditioning and recharging one or more recharge-
able batteries that can be used to provide power to the wear-
able medical device 300, and a user interface 290. The user
interface 290 may include a visual touch screen display by
which the patient or a bystander can communicate with the
remote alarm 200B, and may include a plurality of buttons
and/or LEDs, or even a computer keyboard connector for
attachment ofa computer keyboard to the remote alarm 200B.
The visual touch screen display may function as a clock or as
an alarm clock when not otherwise communicating with the
patient or a bystander, or alternatively, a separate display may
be provided to implement alarm clock functionality.

[0037] In accordance with one embodiment of the present
invention, the functionality of the remote alarm 200B may be
similar to that provided by the wearable medical device 300.
Forexample, in one embodiment, the remote alarm 200B may
receive the same information provided to audio circuitry on
the wearable medical device 300 and simply repeat those
alarms, voice messages, and voice prompts. Where the patient
or bystander does not respond, the remote alarm may be
programmed to repeat the alarm, voice message, or prompt,
butat alouder volume. Such functionality may be sufficient to
get the patient’s attention, even where the patient is located in
a noisy environment, asleep, or both.

[0038] In accordance with another embodiment of the
present invention, the remote alarm 200B can be capable of
providing feedback to the wearable medical device 300. For
example, in one embodiment, in response to an alarm, voice
message or prompt, the patient or a bystander may commu-
nicate with the wearable medical device 300 via the user
interface 290 on the remote alarm 200B. The patient could
thereby acknowledge that the alarm, voice prompt, or voice
message was received by pressing a button on the remote
alarm 200B, or by interacting with the touch screen on the
remote alarm. The remote alarm 200B could then transmit
that acknowledgement to the wearable medical device 300
via the transceiver 221. In certain embodiments, the remote
alarm 200B can include software and/or hardware capable of
determining whether the acknowledgement of the alarm,
voice prompt, or message is provided by the patient, or by
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another. For example, the remote alarm 200B can include
voice recognition functionality capable of recognizing the
patient’s voice, or that of a loved one or caretaker as described
in co-pending U.S. patent application Ser. No. 12/082,168,
entitted WEARABLE DEFIBRILLATOR WITH AUDIO
INPUT/OUTPUT, which is herein incorporated by reference
in its entirety. Alternatively, the remote alarm 200B can
include hardware and/or software to recognize biometric
information of the patient (or that of a loved one or caretaker),
such as capacitance, ECG signals, or markers or ID signals, as
described in co-pending U.S. patent application Ser. No.
12/150,720, entitled MEDICAL DEVICE CONFIGURED
TO TEST FOR USER RESPONSIVENESS, which is herein
incorporated by reference in its entirety.

[0039] In accordance with another embodiment of the
present invention, the remote alarm 200B can be capable of
providing enhanced communications relative to those
afforded by the wearable device 300. For example, rather than
transmitting the same information to the remote alarm 200B
that wearable medical device 300 provides to its audio cir-
cuitry, the wearable device 300 could communicate a code to
the remote alarm 200B that corresponds to a particular alarm,
message, or prompt stored in a message table in the memory
280 of the remote alarm 200B. The code transmitted to the
remote alarm 200B could be in analog form, or digital. On
receipt of the code, the processor 210 could access the mes-
sage table and communicate the message to the patient or
bystander. The message could be stored in the message table
in text form and converted to speech by a voice synthesizer in
the audio circuit 231 of the remote alarm 200B. Alternatively,
the message could be displayed in text form on the touch
screen display, either alone, or in combination with the mes-
sage being reproduced audibly. The code could identify the
content and or length of the message, prompt or alarm to be
communicated to the patient or bystander, as well as the
loudness of the message, and what actions are to be taken in
the event of a particular response, or lack of response, from
the patient or bystander.

[0040] For example, where the wearable medical device
300 is a wearable defibrillator, in the event that the wearable
medical device detects a cardiac arrhythmia and the patient
does not respond to indicate they are conscious, the remote
alarm 200B can place a phone call to emergency personnel
(e.g., 911). The remote alarm 200B can then play a pre-
recorded message that may be stored in the memory 280 to
identify the name of the patient, their location, and the
detected medical condition. The remote alarm 2008 can also
notify the patient’s medical service provider to alert them to
the patient’s condition and that emergency services have been
called, and also inform a loved one or relative. The names of
the various contacts and the content of the messages to be sent
can be stored in the memory 280 of the remote alarm 200B
during a set-up procedure. The patient’s medical service pro-
vider and the patient’s loved one or relative can be sent an
email or text message via the wired or wireless computer
network interface 250, or contacted by telephone after noti-
fying emergency personal using either the telephone network
interface 240 or the cellular network interface 260 and play-
ing a pre-recorded message.

[0041] Other enhanced communications that may be pro-
vided by the remote alarm 200B can include the ability to
communicate messages in different languages. For example,
the user interface 290 of the remote alarm 200B can permit a
first language (e.g., the patient’s native language) to be
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selected and used for communicating with the patient, and a
second language, different than the first language, to be
selected and used for communicating with others, such as
bystanders or emergency personnel. Such a feature would be
appropriate for those instances where the patient speaks one
language, but is physically present in a geographic location
where the language spoken by the patient is not native to the
geographic location. Where the remote alarm 200B includes
an ability to detect its geographic location (e.g., GPS capa-
bility), the remote alarm may automatically configure itself to
use the language native to that geographic location for com-
munications directed to a bystander or emergency service
personnel.

[0042] In accordance with one embodiment, the remote
alarm 2008 is capable of communicating various information
to the patient, a bystander, a caregiver or a loved one in
different ways, depending on the type of information being
communicated, or depending on the manner in which the
remote alarm is programmed to communicate such informa-
tion. For example, where the information to be communicated
to the patient is of an urgent nature, the remote alarm 200B
may immediately communicate this information to the
patient via the audio output device 235, alone or in combina-
tion with other types of notification (e.g., by energizing a
vibrating alarm disposed on or near the patient’s body as
discussed further below). Where the wearable medical device
300 is a wearable defibrillator, such information that may be
considered to be of an urgent nature can include a warning
message of imminent shock based upon a detected arrhyth-
mia, a warning message identifying that the rechargeable
battery that is powering the wearable medical device 300 is
critically low on charge, a warning message that a sufficient
number of sensors have fallen off or lost contact with the
patient’s body such that the patient may not be protected, etc.
Where no response is provided by the patient, the remote
alarm may increase the volume of the alarm, voice message,
or prompt, as well as perhaps notify emergency personnel, a
caregiver, or a loved one. Where the patient is mentally
impaired, alarms or other messages may be communicated
immediately to a caregiver.

[0043] Alternatively, where the information to be commu-
nicated to the patient is important, but not of an urgent nature,
other forms of communication may be more appropriate. For
example, where the wearable medical device 300 is a wear-
able defibrillator and the information to be communicated to
the patient corresponds to a detected arrhythmia that abated
before a warning message of imminent shock was to be deliv-
ered, the remote alarm may simply store the information in
the memory 280 and set an indicator (e.g., suchas an LED) of
the user interface 290 to prompt the patient to interface with
the remote alarm 200B and retrieve that information when
next possible. Even where an arrhythmia was detected and a
therapeutic shock delivered, the patient may be unaware of
this fact. By being prompted to retrieve such information, the
patient may be made aware of such events. The occurrence of
such events may also be communicated, for example via
email, text, or voicemail to the patient, a loved one, a car-
egiver, or a medical service provider to alert them to the
occurrence of the event. Other types of information that may
be important but not urgent for a wearable defibrillator to
communicate to the patient (ora caregiver) can include a poor
signal to noise ratio on one or more sensors (but fewer than a
sufficient number of sensors needed to protect the patient), a
detected fall-off of one or more sensors (but again, fewer than

Apr. 23, 2015

asufficient number of sensors), a low battery condition that is
not below that needed to monitor and protect the patient, a
warning that the harness 110 (FIG. 1) of the wearable medical
device may need to be laundered to restore its fit, etc. For
other types of wearable medical devices, including defibril-
lators, messages that are important, but perhaps not urgent,
can include reminders about taking medications, a reminder
to take ablood glucose reading at a particular time, a reminder
to change a battery or a notification that a normal battery
replacement or change time has been missed, etc.

[0044] In accordance with an aspect of the present inven-
tion, the patient or a caregiver may use the user interface to set
what types of messages should be communicated immedi-
ately versus those that can wait till the next time the patient
interacts with the remote alarm. Such settings may be modi-
fied based on the time of day and the patient’s schedule. For
example, those messages that might not be necessary to be
communicated immediately when the patient is asleep may
be programmed to be communicated immediately where the
time of day is such that the user would be awake. Via the user
interface, the patient, a caregiver, a medical service provider,
or a service technician may set reminders to take medication,
reminders to change or recharge a battery, etc., and assign a
priority rating to each type of event. Default settings may be
provided, that may be altered via the user interface 290. Other
settings may be provided to indicate whether the communi-
cation should be audible, tactile, or both, and whether people
other than the patient (e.g., a loved one or caregiver) should be
notified.

[0045] In accordance with a further aspect of the present
invention, information may be pushed to the remote alarm by
the patient’s caregiver, by the patient’s medical service pro-
vider, by a loved one, or by a service organization associated
with the wearable medical device. For example, where the
service organization or manufacturer of the wearable medical
device has a message about the device for the patient (e.g., a
product recall, a product update, etc.), a message may be
pushed to the device for later review by the patient at the next
possible timeframe. Alternatively, a message from the
patient’s medical service provider or a loved one may be
pushed to the remote alarm, such as, for example, a reminder
about a medical appointment, etc.

[0046] Although each of the remotealarms 200A, 200B has
been described herein as including an RF receiver 220 or
transceiver 221 to receive an RF signal from the wearable
medical device 300, it should be appreciated the present
invention is not so limited. For example, in an alternate
embodiment, the remote alarm may simply include a micro-
phone capable of receiving alarms, voice prompts and mes-
sages issued by the wearable medical device and an audio
circuit and speaker capable of repeating those alarms, voice
prompts and messages, for example, at a louder volume.
Alternatively still, the communication between the wearable
medical device 300 and the remote alarm 200A, 200B could
be infrared, audio, or sub-audio.

[0047] Moreover, although the remote alarms 200A, 200B
are shown as integrated devices, it should be appreciated that
various functionality of the remote alarms 2004, 200B may
be distributed amongst various individual devices that
together provide the described functionality. For example,
FIG. 3 illustrates a remote alarm 400 that includes a number
of discrete devices 410, 420, 430, and 440 that may collec-
tively operate as a remote alarm. As shown in FIG. 3, in one
embodiment, the remote alarm 400 includes an AC receptacle
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alarm unit 410 that is configured to be plugged directly into a
conventional wall power outlet, a vibrating alarm unit 420
that is configured to be placed adjacent to the patient in the
patient’s bed or armchair, or beneath the mattress of the
patient’s bed or a seat or back cushion of the patient’s arm-
chair, a remote response button 430 that is configured to be
placed in any location convenient for the patient, such as on
the nightstand next to the patient’s bed, or adjacent the
patient, and an alarm pendant 440 that is configured to be
worn by a loved one or a caregiver of the patient.

[0048] As shown in FIG. 3, the AC receptacle alarm unit
410 includes an RF antenna 411 by which it can receive
messages from the wearable device 300 and transmit infor-
mation back to the wearable device. Although not shown, the
AC receptacle alarm unit 410 may include a second antenna
capable of communicating (e.g., via a cellular or wireless
network) with a medical service provider or emergency per-
sonnel. The AC receptacle alarm unit 410 also includes an
audio output device 413, such as a loudspeaker, an audio input
device 415, such as a microphone, a light 417, and a plurality
of contacts 419 configured to be received in the wall power
outlet. It should be appreciated that the AC receptacle alarm
unit may be modified for use with a DC wall outlet. In accor-
dance with an aspect of this embodiment, in response to an
urgent message requiring the immediate attention of the
patient or another, the AC receptacle alarm unit 410 may not
only audibly communicate the message, but may also illumi-
nate the light 417, which may be a high intensity light bright
enough to awaken a sleeping patient (e.g., equivalent in inten-
sity to a 60 watt incandescent bulb, or greater). Although not
shown, the AC receptacle alarm unit 410 may include a charg-
ing bay capable ofreceiving and charging an auxiliary battery
unit.

[0049] The vibrating alarm unit 420 is configured to be
placed adjacent the patient, or in any other location (such as
beneath a mattress upon which the patient sleeps, or beneath
or behind a cushion of an arm chair in which the patient
reposes) where its vibration would be likely to alert the
patient, if the patient is conscious. The vibrating alarm unit
410 includes an antenna 421 to receive information from the
wearable ambulatory device 300 (FIG. 2), and/or the AC
receptacle alarm unit 410, and an electro-mechanical vibra-
tor, such as a piezoelectric vibrator.

[0050] The remote response button 430 is configured to be
disposed in any convenient location where the patient can
access the remote response button, and thereby send a signal
to the wearable medical device indicating that the patient is
conscious. As shown, the remote response button 430
includes an antenna 431 for receiving communications from
the wearable medical device or the AC receptacle alarm unit
410, and for transmitting a signal to the wearable device
and/or the AC receptacle alarm unit indicating the patient’s
consciousness. Although not shown, the remote response but-
ton 430 may include an audio output device, such as a loud-
speaker, and audio circuitry to repeat the same alarms, voice
prompts, and voice messages that would be provided by the
wearable medical device. Although the remote response but-
ton 430 is described as being one of the discrete devices of the
remote alarm 400, it should be appreciated that both the
remote response button 430 and the AC receptacle alarm unit
410 may be used as standalone devices.

[0051] The alarm pendant 440 is configured to be worn
about the neck of a caregiver or loved one, and may light,
vibrate, or emit an audible sound alerting the caregiver to
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check on the patient in the event that an event requiring their
attention has been detected. Although not shown, the alarm
pendent would also include an RF antenna capable of receiv-
ing RF communications, such as Bluetooth, Wireless USB, or
ZigBee.

[0052] FIG. 4 illustrates two alternative embodiments of a
remote alarm in accordance with aspects of the present inven-
tion in the form of an earpiece remote alarm 510 and a watch
monitor remote alarm 520. The earpiece remote alarm 510
includes a clip 511 configured to be disposed about the
patient’s ear, and a control module 512 that includes an RF
transceiver, such as a Bluetooth transceiver. Although not
visible, in FIG. 4, the earpiece remote alarm 510 includes an
audio output device, such as a speaker configured to be dis-
posed proximate the patient’s ear canal for audibly commu-
nicating messages received from the wearable medical device
300 to the patient. The earpiece remote alarm may further
include a microphone, such that the earpiece remote alarm
may additionally act as a hearing aid in which sounds
received by the microphone are amplified and conveyed to the
patient. As the human ear is considered to be a relatively good
location at which to measure the pulse oxygen level of a
patient, the earpiece remote alarm 510 may include a pulse
oxygen sensor (not shown) that monitors the patient’s pulse
oxygen level and communicates this information to the wear-
able medical device 300 (FIG. 2). In some embodiments, the
earpiece remote alarm may include a response button 513 by
which the patient may indicate their consciousness in
response to a detected cardiac arrhythmia and warning of
imminent shock.

[0053] The watch monitor remote alarm 520 resembles an
ordinary wristwatch and is configured to be disposed about
the patient’s wrist using a strap in a conventional manner. The
watch monitor remote alarm may, for example, be based upon
awatch monitor reference platform, such as the eZ430 Chro-
nos Wireless Watch, available from Texas Instruments. As
shown, the watch monitor remote alarm 520 includes a dis-
play 521 which can display the date and time, and operate as
a conventional wristwatch/alarm using, for example, buttons
524 and 525 for programming the date and time, and setting
any alarms. The display 521 can also display informational
messages or prompts communicated by the wearable medical
device 300 (FIG. 2). For example, as shown in FIG. 4, the
display 521 may display a heart symbol to indicate that no
arrhythmias are currently detected, and may indicate the state
of charge of the battery unit associated with the wearable
medical device. Although not shown, the watch monitor
remote alarm 520 may include an RF transceiver to receive
messages, prompts, and other information from the wearable
medical device 300, and to communicate information back to
the wearable medical device. For example, where the wear-
able medical device detects a cardiac arrhythmia and issues a
warning that a shock is imminent, the patient may press and
hold aresponse button 526 to indicate that they are conscious.
The watch monitor remote alarm 520 may again include
functionality to determine whether the response button 526
was actuated by the patient, or by another. Communication
standards supported by the watch monitor remote alarm can
include Bluetooth, Wireless USB, ZigBee, as well as wireless
Fthernet. The watch monitor remote alarm 520 can include an
audio output device (not shown) by which alarms or audible
messages may be communicated to the patient. The watch
monitor remote alarm may also include sensors (disposed on
the back side of the watch and not visible in FIG. 4) to detect
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the patient’s pulse rate, temperature, or blood oxygen level,
which may be displayed on the display 521. Such information
may be displayed by using scrolling buttons 522 and 523.
[0054] 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 wearable remote device comprising:

astrap for disposing the wearable remote device on a wrist

of a patient; and

communications circuitry disposed in the wearable remote

device, wherein the communications circuitry can wire-
lessly communicate with a wearable defibrillator.

2. The wearable remote device of claim 1, wherein the
wearable defibrillator comprises at least one sensing elec-
trode for monitoring a parameter associated with the patient.

3. The wearable remote device of claim 1, wherein the
wearable defibrillator comprises at least one therapy elec-
trode for providing treatment to the patient.

4. The wearable remote device of claim 1, wherein the
wearable defibrillator can be worn about a torso of the patient.

5. The wearable remote device of claim 1, wherein the
wearable defibrillator comprises a receiver for receiving
wireless communications from the communications circuitry.

6. The wearable remote device of claim 1, wherein the
wearable defibrillator comprises a transceiver for wirelessly
communicating with the communications circuitry.

7. The wearable remote device of claim 1, wherein the
wearable defibrillator comprises a control unit electrically
coupled with one or more electrodes of the wearable defibril-
lator.

8. The wearable remote device of claim 1, wherein the
communications circuitry is one of a wireless receiver circuit
for wirelessly receiving communications from the wearable
defibrillator and a wireless transceiver circuit for wirelessly
communicating with the wearable defibrillator.

9. The wearable remote device of claim 1, wherein the
communications circuitry comprises a wireless transceiver,
and wherein the wireless transceiver is atleast one of a radiof-
requency transceiver, a BLUETOOTH transceiver, a wireless
Ethernet transceiver, a wireless USB transceiver, and a ZIG-
BEE transceiver.

10. The wearable remote device of claim 1, further com-
prising a sensor disposed in the wearable remote device,
wherein the sensor is at least one of a pulse rate sensor, a body
temperature sensor, and a blood oxygen level sensor.

11. The wearable remote device of claim 1, further com-
prising an audio output device disposed in the wearable
remote device, and a processor in communication with the
audio output device, wherein the processor can cause the
audio output device to provide an audible message.

12. The wearable remote device of claim 1, further com-
prising one or more buttons disposed on a housing of the
wearable remote device for receiving input from the patient.

13. The wearable remote device of claim 12, further com-
prising a processor in communication with the communica-
tions circuitry, wherein the processor can cause transmission
of a patient notification informing the patient to actuate the
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one or more buttons, and transmission of a device notification
to the wearable defibrillator upon detecting actuation of the
one or more buttons.

14. The wearable remote device of claim 1, further com-
prising a voice synthesizer for converting a text message to an
audible message.

15. The wearable remote device of claim 1, further com-
prising an electromechanical vibrator disposed in the wear-
able remote device, and a processor in communication with
the electromechanical vibrator, wherein the processor can
actuate the electromechanical vibrator to provide a vibra-
tional notification.

16. The wearable remote device of claim 1, further com-
prising at least one visual indicator disposed on the wearable
remote device for providing visual information to the patient.

17. The wearable remote device of claim 16, wherein the
visual indicator is at least one of a light bulb and a light-
emitting diode (LED).

18. The wearable remote device of claim 1, wherein the
wearable defibrillator comprises at least one visual indicator,
and wherein the visual indicator is at least one of a light bulb
and a light-emitting diode (LED).

19. The wearable remote device of claim 1, further com-
prising a processor for causing a state of at least one visual
indicator to change upon detecting an arrhythmia condition of
the patient.

20. The wearable remote device of claim 1, further com-
prising a display that can present textual information relating
to the patient.

21. The wearable remote device of claim 1, further com-
prising a display that can present an alarm notification upon
detecting an arrhythmia condition of the patient.

22. The wearable remote device of claim 1, further com-
prising a user interactive display disposed on a housing of the
wearable remote device.

23. The wearable remote device of claim 1, further com-
prising a display, wherein the display is at least one of an
integral part of a housing of the wearable remote device and
included within the housing.

24. The wearable remote device of claim 1, further com-
prising a processor in communication with the communica-
tions circuitry, wherein the processor can cause a notification
to be issued in response to a predetermined medical condition
of the patient.

25. The wearable remote device of claim 24, wherein the
notification can be presented on a display of the wearable
remote device.

26. The wearable remote device of claim 24, wherein the
notification comprises one of an indication that a shock is to
be delivered by the wearable defibrillator and an indication to
that a shock has been delivered by the wearable defibrillator.

27. A wearable remote device comprising:

a strap constructed to removably secure the wearable

remote device to a wrist of a patient;

communications circuitry for wirelessly communicating

with a wearable defibrillator;

a user interface; and

a processor coupled to the user interface, wherein the pro-

cessor causes the user interface to provide notification
relating to an arrhythmia condition of the patient based
on medical information relating to the patient received
via the communications circuitry.



US 2015/0109125 Al

28. The wearable remote device of claim 27, wherein the
user interface is at least one of a display, a user interactive
display, a button, an audio output device, a light bulb, and an
electromechanical vibrator.

29. A wearable remote device comprising:

a strap constructed to removably secure the wearable

remote device to a wrist of a patient;

communications circuitry for wirelessly communicating

with a wearable defibrillator;

a user interface; and

a processor coupled to the user interface, wherein the pro-

cessor causes the user interface to receive input from the
patient relating to an arrhythmia condition of the patient
based on medical information relating to the patient
received via the communications circuitry.

30. A wearable remote device comprising:

a strap constructed to removably secure the wearable

remote device to a wrist of a patient;

communications circuitry for wirelessly communicating

with a wearable defibrillator;

auser interface; and

a processor coupled to the user interface, wherein the pro-

cessor causes the user interface to provide notification
relating to an arrhythmia condition of the patient based
on medical information relating to the patient received
via the communications circuitry;

wherein the user interface can receive input from the

patient relating to the arrhythmia condition.
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