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57 ABSTRACT

System and methods for delivering defibrillator incident
information to a PSAP in real-time during emergency use of
an AED are described. Such information is utilized by a
telecommunicator at a PSAP to provide better guidance to
volunteer caregivers during potential cardiac arrest inci-
dents. In another aspect the AED’s current instruction state
and optionally the time in that state is provided to the PSAP.
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REAL TIME DEFIBRILLATOR INCIDENT
DATA

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of U.S. applica-
tion Ser. No. 18/193,499, filed on Mar. 30, 2023
(PO21X1C1) which is a Continuation of U.S. application
Ser. No. 17/539,909, filed on Dec. 1, 2021 (now U.S. Pat.
No. 11,640,755, issued May 2, 2023), which is a Continu-
ation-in-Part of U.S. patent application Ser. No. 17/155,852,
(P021) filed on Jan. 22, 2021 (now U.S. Pat. No. 11,210,919,
issued on Dec. 28, 2021). U.S. application Ser. No. 17/539,
909 also claims priority of U.S. Provisional Patent Appli-
cation No. 63/242,610 (P025P) filed on Sep. 10, 2021. Each
of these applications is incorporated by reference in its
entirety.

[0002] U.S. patent application Ser. No. 17/155,852 claims
priority of U.S. Provisional Patent Application Nos.: 62/964,
936, (P021P) filed on Jan. 23, 2020 and 63/081,166,
(PO21P2) filed on Sep. 21, 2020, both of which are incor-
porated by reference herein in their entirety.

[0003] In addition, U.S. patent application Ser. No.
17/155,852 is a Continuation-in-Part of U.S. patent appli-
cation Ser. No. 16/847,018, (P014X1) filed on Apr. 13, 2020
(now U.S. Pat. No. 10,957,178, issued on Mar. 23, 2021),
which is a Continuation-in-Part of U.S. patent application
Ser. No. 16/732,846 (P014AC1) filed Jan. 2, 2020 (now U.S.
Pat. No. 10,621,846, issued Apr. 14, 2020), which is a
Continuation of U.S. patent application Ser. No. 16/562,864
(PO14A) filed Sep. 6, 2019 (now U.S. Pat. No. 10,565,845,
issued Feb. 18, 2020). U.S. patent application Ser. No.
16/847,018 is also a Continuation-in-Part of U.S. patent
application Ser. No. 16/741,277 (P014BC1) filed Jan. 13,
2020 (now U.S. Pat. No. 10,665,078, issued May 26, 2020),
which is a Continuation of U.S. patent application Ser. No.
16/562,870 (P014B) filed Sep. 6, 2019 (now U.S. Pat. No.
10,580,280, issued Mar. 3, 2020). Both U.S. patent appli-
cation Ser. Nos. 16/562,864 and 16/562,870 claim the pri-
ority of U.S. Provisional Patent Application Nos.: 62/731,
306 (P014P) filed Sep. 14, 2018, and 62/846,346 (P014P2)
filed May 10, 2019. All of the foregoing applications are
incorporated herein by reference in their entirety.

FIELD

[0004] The present disclosure relates generally to commu-
nicating defibrillator incident information to emergency call
centers and many of the inventions described herein are
particularly applicable to automated external defibrillators
(AEDs).

BACKGROUND

[0005] Sudden cardiac arrest (SCA) is one of the leading
causes of death. In the United States alone, roughly 350,000
people die each year from sudden cardiac arrest. It is the
leading cause of death for individuals over 40 and the #1
killer of student athletes. The most effective treatment for
sudden cardiac arrest is the use of CPR coupled with
defibrillation. Automated external defibrillators (AEDs) are
portable devices designed to automatically check for life-
threatening heart rhythms associated with sudden cardiac
arrest and to send an electrical shock to the heart to try to
restore a normal rhythm when shockable heart rhythms are
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detected. The two most common conditions treated by AEDs
are Pulseless Ventricular tachycardia (aka VT or V-Tach)
and Ventricular fibrillation (VF or V-Fib). AEDs are typi-
cally designed so that they can be used by a lay person in
situations where professional medical help is not available.
[0006] Given their potential to save lives, automated
external defibrillators have been deployed in a relatively
wide variety of public and private locations so that they are
available in the event that a person in the vicinity goes in to
cardiac arrest. By way of example, AEDs may be found in
corporate and government offices, shopping centers, air-
ports, airplanes, restaurants, casinos, hotels, sports stadiums,
schools, fitness centers and a variety of other locations
where people may congregate.

[0007] Although the availability of AEDs has increased
over the years, their relatively high cost tends to limit their
placement and many locations including homes, work-
places, schools, sports fields, and a plethora of other places
where people reside, frequent, or congregate don’t have an
on-site AED available. Furthermore, although many AEDs
are considered “portable,” most commercially available
portable automated external defibrillators are bulky and
heavy enough that they are rarely carried by people other
than trained medical personnel. Thus, there are many times,
locations and events where no AED is available when a
cardiac arrest incident occurs. Even when an AED is nearby
when a sudden cardiac arrest incident occurs, the AED is
often not used because either its presence is unknown, or the
device seems intimidating to bystanders who are reluctant to
try to use a device that they are unfamiliar with to treat a
medical situation that they are unfamiliar with.

[0008] When a cardiac arrest incident is witnessed,
bystanders will typically call a known emergency number
such as 911 in the U.S. and Canada, 112 in Europe, 999 in
many jurisdictions, etc. Such calls go to emergency call
centers which are sometimes referred to as Public Safety
Answering Points (PSAPs) and include centers such as 911
call centers in the U.S. and Canada, 112 call centers in
Europe, 999 call centers in various jurisdictions and other
such emergency services call centers. When a call is
received by an emergency call center, a call-taker (telecom-
municator) typically speaks to the caller to try to determine/
categorize the nature of the incident, its location, and the
appropriate responders (e.g., police, fire, EMS, etc.) to
handle the incident. Next, a dispatcher (who may also be the
call-taker, depending on the jurisdiction) uses this informa-
tion to assign emergency responders to the emergency.
[0009] Today, there is a clear movement within emergency
response networks to try to get telecommunicators more
actively involved in encouraging/directing bystanders to
serve as caregivers that render aid to patients suffering from
medical emergencies before emergency medical services
(EMS) arrives. For cardiac arrest specifically, EMS Chiefs
and Medical Directors are implementing telephone/telecom-
municator CPR (T-CPR). That is, when a telecommunicator,
in partnership with the caller, identifies a patient suffering
from cardiac arrest, the telecommunicator will provide AED
use and/or CPR instructions to the caller, as appropriate, in
addition to quickly dispatching the appropriate EMS
response. The belief is that the telecommunicator and the
caller form a unique team in which the expertise of the
telecommunicator and the willingness of the caller or a
responder in proximity to the caller to provide CPR repre-
sents an opportunity to improve SCA survival rates. The
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American Heart Association provides T-CPR recommenda-
tions and guidance. See, e.g., https://cpr.heart.org/en/resus-
citation-science/telephone-cpr/t-cpr-recommendations-and-
performance-measures.

[0010] Although T-CPR is clearly helpful in some cases, it
has limitations. One limitation is that the telecommunicator
typically doesn’t have the ability to independently monitor
the volunteer responder’s/caregiver’s actions and is typi-
cally limited to feedback provided by the caller (which may
or may not be the person actually performing CPR and/or
using an AED). Therefore, it is sometimes difficult for the
telecommunicator to determine whether any actions are
being performed or evaluate the impact of actions being
performed and provide effective instructions based on such
evaluation.

[0011] A number of entities have proposed enabling two
way voice communications between an AED and a telecom-
municator at a PSAP or other call center. Similarly, a number
of entities have proposed sending a message and/or selected
defibrillator information to a PSAP when an AED is acti-
vated or in use. Although such proposals have been made,
the challenges of implementing such systems are significant
and the present inventors are unaware of any commercially
available AEDs that actually support such functionality.

[0012] Although existing sudden cardiac arrest response
systems have saved many lives, sudden cardiac arrest
remains one of the leading causes of death. Accordingly,
continuing efforts to develop systems that have the potential
to improve cardiac arrest survival rates in different settings.

SUMMARY

[0013] To achieve the foregoing and other objects, meth-
ods, systems, AED network servers, emergency services
interfaces and frameworks are described that facilitate deliv-
ering defibrillator incident information to a PSAP in real-
time during emergency use of a defibrillator. Such informa-
tion can be utilized by a telecommunicator at the PSAP to
provide better guidance to volunteer caregivers and/or call-
ers during a potential cardiac arrest incident.

[0014] In one aspect, selected defibrillator incident infor-
mation generated by an AED is sent directly or indirectly to
from the AED to an AED network server in real time during
emergency use of the AED. The AED network server also
receives the current location of the AED that has been
deployed for emergency use. The AED network server then
transmits the selected defibrillator incident information
directly or indirectly to a Public Safety Answering Point
(PSAP) responsible for handling calls to emergency services
originating from an area that includes the current location of
the AED. The defibrillator incident information is forwarded
to the PSAP in real time during the emergency use of the
AED thereby enabling the telecommunicator to provide
more focused directions to a caregiver utilizing the AED or
a caller at the location of the AED during the emergency use
of the AED.

[0015] The AED network server may simply forward the
defibrillator information as received, or it may process some
of' the received information before forwarding it to the PSAP
in a format that is better suited for use at the PSAP.
[0016] Preferably, at least some of the defibrillator inci-
dent information is rendered on a display at the PSAP for use
by the telecommunicator in real time while communicating
with the caregiver or caller (e.g., to provide directions to the
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caregiver or caller during the emergency use of the AED
based at least in part on the received information).

[0017] In some embodiments, the AED network server is
responsible for determining the appropriate PSAP to for-
ward the incident information to based at least in part on the
current location of the AED. In others, the AED network
server forwards the incident information to an emergency
services interface which determines the appropriate PSAP to
forward the incident information to based at least in part on
the current location of the AED. In various embodiments,
the PSAP integration functions of the AED network server
and the emergency services interface may be consolidated at
a single location—which can be at the location of an AED
management server, at the location of a traditional emer-
gency services interface or any other suitable location.
[0018] In various embodiments, the defibrillator incident
information may be transmitted to the AED network server
by any of: (a) a communications unit that is an integral part
of'the defibrillator; (b) an interface unit that is a separate unit
that detachably attached to the defibrillator; (¢) a commu-
nication unit associated with the defibrillator that is not
physically attached to the defibrillator; (d) a mobile com-
munication device having a defibrillator support app
installed thereon that coordinates communications with the
defibrillator and with the defibrillator network server; or (e)
any other suitable mechanism.

[0019] In some embodiments, the selected defibrillator
incident information includes a current instruction state of
the AED. The defibrillator incident information may also
include an indication of an amount of time that the AED has
been in the current instruction state.

[0020] More generally, in some implementations, the defi-
brillator incident information conveyed to the PSAP may
include one or more of: (i) a current instruction state of the
AED; (ii) an indication of an amount of time that the AED
has been in the current instruction state; (iii) a next instruc-
tion; (iv) a current operational state of the AED; (v) an
indication of an amount of time that the AED has been in the
current operational state; (vi) a shockable rhythm/non-
shockable rhythm diagnosis made by the AED; (vii) a shock
history associated with the incident; (viii) details of one or
more shock(s) delivered by the AED; (ix) a timestamp that
indicates when the AED was activated; (x) an indication of
an amount of time that has passed since the AED was
activated; (xi) an impedance detected by the AED or (xii)
information indicative of a quality of CPR being adminis-
tered by the caregiver; (xiii) an electrode pad status; (xiv) an
indication of whether electrode pads associated with the
AED have been removed from a pad storage location; (xv)
an indication of whether the electrode pads are currently
attached to a patient; (xvi) an indication of whether the
electrodes pads have been previously attached to the patient
but are no longer attached; (xvii) an indication of a language
that the AED is currently providing instruction in; (xviii) an
indication of a current ambient temperature; (xix) an AED
self-test result or status; (xx) an AED serial number; (xxi) an
electrode pad serial number; (xxi) a hardware and/or soft-
ware version of the AED.

[0021] In some embodiments defibrillator incident infor-
mation includes an impedance graph or feed that shows
variations in the patient impedance as a function of time.
Alternatively, or additionally, the incident information may
include an ECG segment or ECG feed, a video feed or other
streamed defibrillator sensor data.
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[0022] In some embodiments, the system is configured so
that the telecommunicator may send a message or alert to the
AED via the AED network server—e.g., during emergency
use of the AED. In some embodiments, the message sent to
the AED is a triggering message that causes the AED to
generate a predetermined audio instruction that is prestored
by the AED. The triggering message may cause the AED to
generate a variety of different instructions as may be appro-
priate based on the situation as understood by the telecom-
municator.

[0023] In other aspects, specific types of defibrillator inci-
dent information are conveyed in real time from an AED to
a PSAP. Such real time defibrillator incident information can
be used by telecommunicator at a PSAP to provide better
guidance to a caregiver utilizing the AED or a caller in close
proximity to the caregiver. In some specific embodiments, a
current instruction state of the AED is transmitted to the
PSAP. In some embodiments, the defibrillator incident infor-
mation also includes an indication of an amount of time that
the AED has been in the current instruction state.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The invention and the advantages thereof, may best
be understood by reference to the following description
taken in conjunction with the accompanying drawings in
which:

[0025] FIGS. 1A and 1B are block diagrams illustrating
representative architectures for facilitating communications
between an AED and a PSAP in accordance with two
different embodiments.

[0026] FIGS. 2A and 2B are flow charts illustrating rep-
resentative communications between an AED and a PSAP in
accordance with two different embodiments corresponding
to the two different embodiments illustrated in FIGS. 1A and
1B.

[0027] FIGS. 3A and 3B are flow charts illustrating two
different approaches that facilitate bi-directional communi-
cations between a user of an AED and a telecommunicator
at the PSAP.

[0028] FIG. 4 is a block diagram illustrating a represen-
tative status message sent by an AED during emergency use
of the AED.

[0029] In the drawings, like reference numerals are some-
times used to designate like structural elements. It should
also be appreciated that the depictions in the figures are
diagrammatic and not to scale.

DETAILED DESCRIPTION

[0030] Anissue with T-CPR (which as used herein encom-
passes AED use guidance), and more generally with guid-
ance provided by dispatchers/telecommunicators to volun-
teer responders/caregivers using an AED is that the
telecommunicator often has little or no view of what is
actually happening at the emergency scene and therefore
doesn’t have a way to determine whether their CPR and/or
AED use instructions are at all effective. The present dis-
closure proposes sending selected defibrillator data and/or
other incident data to the telecommunicator during use of the
AED which may provide the telecommunicator with some
level of feedback on the incident. With such information at
hand, the telecommunicator can deliver more targeted and
effective feedback for the AED user/volunteer responder that
is trying to save a life.
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[0031] In some implementations, such information is sent
to the call center’s Computer Aided Dispatch (CAD) Sys-
tem. In others, it may be sent to an emergency services
interface (ESI) portal or an AED network portal acting as an
ESI. In each of these cases, the defibrillator/incident data
may be displayed on a display screen viewable by the
telecommunicator (often referred to as the telecommunica-
tor or dispatcher dashboard). For example, some call center
workstations include both a CAD screen driven by the CAD
system and a separate outside data screen driven by an
emergency service interface (ESI) client designed to operate
with one or more emergency services interfaces. In such
systems, the defibrillator incident information may be pre-
sented through the ESI client. When a CAD system has the
ability to integrate outside data into the CAD display, then
the data may be shown directly on the CAD display. Of
course, there are a variety of other pathways through which
the defibrillator incident information can presented to the
telecommunicator.

[0032] The information presented to the call center tele-
communicator may vary with the preferences of different
call center administrators and/or the entity that implements
the integration, and the types of information that are actually
available from the AED. For example, the information
presented to the telecommunicator in real time may include
information such as the current state of an AED being used
on the victim, including whether or not the AED has been
powered on; an indication of the AED state and/or an audio
instruction state of the AED (i.e., what audio instruction is
currently being communicated by the AED); how long the
user has been on a specific AED state or on a specific
instruction; the next expected instruction state; whether
electrode pads have been removed from the AED (for
application to the patient); whether the electrode pads are
currently placed on a patient; whether the pads have previ-
ously been connected to a patient (when they are not
currently connected to the patient); the time since the AED
was activated; an operating mode of the AED (e.g., whether
the AED is in child (pediatric) or adult mode); an operational
language (e.g., English/Spanish, etc.); a timestamp that
indicates when the AED was activated or an indication of the
amount of time that has passed since the AED was activated;
the patient’s impedance—which may be one or more dis-
crete measurements, a graph, or continuous (streamed);
changes to the patient’s impedance; ECG samples or
streamed ECG data; an available classification of the latest
cardiac rhythm detected by the AED (which may be a simple
shockable/not shockable classification, or if/when available,
a more specific classification of the detected rhythm); the
detected ECG waveform; indications of whether a shock has
been delivered; the nature of a or each delivered shock(s)
(e.g., energy level delivered, the time the shock was deliv-
ered, etc.); the number of shocks delivered; CPR compres-
sion depth, CPR rate, CPR recoil; a feed of streamed
defibrillator sensor data; a Serial Number, hardware version
and/or software version of the AED; an electrode pad Serial
Number and Status (e.g., expired, used or good); an ambient
temperature (which may be useful to the dispatcher for
instructing the user to move if possible); a “self-test status”
which indicates whether the AED passed its self-tests; an
AED battery charge level; the geo-coordinates of the AED;
and/or a variety of other information as desired by the call
center.
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[0033] The information available to the telecommunicator
may also include information about AEDs that are near an
incident. This can be helpful in the scenario where an AED
is not immediately at hand at the scene of a potential cardiac
arrest incident as a bystander may be instructed to go get an
AED. Such information may include the specific location of
nearby AEDs (e.g., the geo-coordinates and/or street
address, etc. of the AED), and when desired, selected
operational status information about such AEDs (e.g., opera-
tional status, self-test results status, battery charge level,
etc.). This can be helpful in that it facilitates the PSAP
dispatcher guiding a caller to a nearby AED. In some
applications, the PSAP dispatcher/telecommunicator also
has the ability to activate a volunteer/AED responder net-
work as described in U.S. Pat. Nos. 10,621,846 and 10,665,
078 or to select volunteer responders from a list presented on
the dispatcher’s dashboard. The referenced patent applica-
tions are incorporated herein by reference. In such circum-
stances, the information available to the telecommunicator
may further include the location, path of travel, etc. of such
responders and/or AEDs.

[0034] When available from the defibrillator or a device
associated therewith, other real time information can be
provided as well. For example, if CPR compression rate or
compression depth feedback is available from the defibril-
lator or an associated device, such feedback can also be
provided to the telecommunicator. Similarly, if the defibril-
lator or a device associated therewith supports audio or
video communication, an audio and/or video feed may be
delivered to the telecommunicator and/or two way commu-
nications may be supported through the defibrillator or the
associated device.

[0035] The defibrillator state information (and particularly
the emergency workflow state of the defibrillator) can be
particularly useful because it gives the telecommunicator
insight as to where the user is in the emergency workflow
and thereby allows the telecommunicator to better tailor
their advice and instructions to the immediate situation. The
indication of how long the user has been on a particular
instruction can be helpful since it may indicate that the user
is having difficulty with a particular step and the telecom-
municator can tailor their advice/instructions to that step.
For example, if the AED has been stuck on a “Place
Electrode Pads” instruction for an extended time, the tele-
communicator knows to intervene and potentially help the
user through that step. In another example, when the tele-
communicator knows that next step that is coming, they can
prepare the user to act accordingly.

[0036] The detected patient impedance can be used for
several purposes. For example, if the impedance indicates an
open circuit, that may suggest that at least one of the
electrode pads has not yet been properly placed on the
patient’s body and the telecommunicator’s instructions can
be tailored appropriately. When the measured impedance is
reported to be in an expected range, that suggests that the
pads have been placed properly which may be confirmed by
the caller or vice versa. If the measured impedance is outside
of an expected range, that may suggest that the pads have
been placed improperly and the telecommunicator can tailor
their guidance accordingly.

[0037] In some embodiments, a real-time feed of the
patient impedance, or the patient’s ECG, as sensed by the
AED electrode pads is provided to the call center and is
displayed on the telecommunicator’s CAD system. Patient
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impedance and/or ECG can be helpful because, when CPR
is being administered, the detected patient impedance and
ECG is expected to vary in a discernible manner with factors
such as chest compressions. Thus, a real-time impedance or
ECG log can be used to confirm that the responder/caregiver
is indeed trying to perform CPR and can provide some level
of feedback on the nature of the CPR being performed. The
real-time impedance or ECG measurements are a very
valuable piece of information as they can give the telecom-
municator some indication as to whether the user is per-
forming CPR, and whether CPR is being applied at the right
time. For example, with many AEDs, CPR is not supposed
to be performed when the AED is analyzing the heart rhythm
for classification purposes. When both the patient imped-
ance (or ECG) and the current AED state are provided, the
dispatcher can verify that the caregiver is performing CPR
when intended and importantly is not continuing with the
CPR in periods when the AED is in an “analyzing heart
rhythm” state or preparing to deliver a defibrillation shock
(stand_back) state. The real-time detected impedance can
also be a helpful indicator of whether the caregiver (or other
bystander) is touching the patient during an inappropriate
period (e.g., when analyzing the patient’s heart rhythm,
during shock delivery, etc.). Real-time impedance or ECGs
can be provided in feeds that stream current data that is
rendered in graphs at the PSAP, or discrete graphs transmit-
ted to the PSAP in frequent intervals to provide updates.

[0038] Information such as the specific location of nearby
AEDs (e.g., geo-coordinates) and whether any of these
AEDs have been powered-on can be helpful because it gives
the telecommunicator an idea of whether there is an AED at
the scene, nearby the scene, or on its way to the scene. In
practice there are times when an AED is already present or
readily available at the scene of a sudden cardiac incident
when EMS arrives, but it was never used simply because the
bystanders didn’t feel confident enough to try to use the
AED. By providing the telecommunicator with a mechanism
for knowing that an AED is at or nearby the scene but has
not yet been activated, the telecommunicator can encourage
the caller to use the AED (e.g., there is an AED on scene,
turn it on and I’ll guide you through using it). In another
example, as will be described in more detail below, when a
responder/bystander picks up a connected AED in response
to an incident alert, the AED may frequently or continuously
convey its location to the call center. This allows the
telecommunicator to see the AED traveling to the victim in
real-time. In still another example the telecommunicator can
direct a caller to the location of a nearby AED.

[0039] Some AEDs and/or AED accessories are designed
to detect chest compressions. Some detect the rate of chest
compressions, others detect the depth of compressions, and
some detect both. Some CPR detectors are accelerometer
based, others utilize electrocardiograms or impedance car-
diograms, and others contemplate using other types of
sensors. Regardless of the type of CPR detectors used, when
available, the information made available by such devices
may additionally or alternatively be provided to the tele-
communicator. Of course, any other information that is
available from the defibrillator may also or alternatively be
provided to the telecommunicator’s CAD system for use by
the telecommunicator.

[0040] There are a number of different workflows by
which an AED may be associated with a particular emer-
gency (e.g., 911) call. In some instances, a bystander may
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call 911 (or other appropriate emergency call center). The
dispatcher may diagnose the incident as a potential cardiac
arrest incident and activate a responder network. A
responder may accept the emergency alert through an AED,
which associates the AED with the particular incident. When
an emergency alert is accepted through an AED or an AED
is otherwise deployed, it begins sending real-time incident
data to the dispatcher so that the dispatcher has increased
visibility as to what is actually happening at the emergency
scene before EMS arrives.

[0041] In other instances, an AED or a communications
unit associated therewith may be configured to automatically
contact an emergency call center (PSAP) when the AED is
deployed. As will be described in more detail below, the
PSAP may be contacted through an AED network server or
other suitable intermediary(ies). The AED or a device asso-
ciated with the AED may further be configured to provide its
geo-location to the call center. Separately, a bystander may
have already called or may subsequently call 911. When the
call center receives a bystander call, the call taker will verify
the incident location if it has already been entered automati-
cally in the CAD system or determine and enter the incident
location (if it has not already been entered automatically).
The CAD system, an ESI portal or other suitable system may
be configured to automatically determine when an AED
activation appears to coincide with an incident location
associated with a voice call and flag the co-location to the
telecommunicator. The telecommunicator can then confirm
with the caller that the AED is present at the incident
location and is being used on the patient. Alternatively, the
telecommunicator may manually check to see whether there
is an activated AED that appears to coincide with the
incident location. If so, the telecommunicator may make the
association themself. In still other circumstances, voice
communications may be supported on the same channel that
delivers the defibrillator data which directly ties the data and
voice call. Regardless of the way that the association is
made, at this point, the telecommunicator understands that
the incident and the incident data from the AED relate to the
same event and can act accordingly.

[0042] FIG.1Aillustrates a communication architecture in
accordance with a first embodiment that is suitable for
facilitating the aforementioned communications from an
AED (or a communications unit associated with an AED) to
a PSAP. The architecture includes a subject AED 10 (rep-
resented as AEDs 10(a), 10(b) and 10(c)), an AED network
server 20, an emergency services interface (ESI) 28 and the
participating PSAP 30. In some embodiments, an interme-
diary device is used to facilitate communications between
the AED and the AED network servers. A variety of different
types of devices can be used as intermediaries, with some of
the most likely including: an interface unit 15 mounted on
and at least semi-permanently attached to the AED; a nearby
mobile communications device 18 (e.g., a Smartphone)
executing an app configured to communicate with the AED;
and/or a communications unit (not shown) that is associated
with, but not necessarily attached to the AED.

[0043] Some AEDs (e.g., 10(a) in FIG. 1) have built-in
cellular and/or Wi-Fi communication abilities and have the
ability to communicate directly with the AED network
server 20 through a cellular or Wi-Fi/Internet network.
Others may be configured to communicate with the AED
network server through an intermediary device. For
example, Applicant has described a modular defibrillator
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architecture in which an interface unit 15 may optionally be
mounted on and detachably attached to a base defibrillator
unit (e.g., AED 10(b) in FIG. 1). In some such embodiments,
the base defibrillator unit is a fully functional AED. When
the base defibrillator unit is activated for emergency use with
the interface unit 15 attached thereto, the base defibrillator
unit periodically sends status messages to the interface unit
15 that provide information about defibrillator’s then current
status. The interface unit passes such messages on to the
AED network server 20 as appropriate. By way of example,
such an architecture is described in U.S. Pat. Nos. 10,773,
091 and 10,737,105, which are incorporated herein by
reference.

[0044] In other instances, a mobile communication device
18 or other suitable communications units may serve as the
intermediary between the AED (e.g., AED 10(c) in FIG. 1)
and the network server 20. A number of communications
protocols have been proposed for conveying defibrillator
information to a server through an intermediary. For
example, Applicant has described an architecture in which
an AED broadcast status messages wirelessly using a short
range communications protocol such as Bluetooth Low
Energy (BLE). The wireless messages can be received by
any of a variety of listening devices, including cell phones,
and other suitable listening devices (including, when
desired, interface unit 15). When the listener has an app or
other software or firmware designed to receive and process
such broadcasts, the receiving listener can forward the
received messages on to the AED network server 20 as
appropriate. Such a communications architecture is
described in U.S. patent application Ser. Nos. 16/733,591
and 16/733,684, which are incorporated herein by reference.
Additionally, or alternatively, a wireless connection may be
established between the AED and the intermediary device to
facilitate the transfer of defibrillator information to the
intermediary device. In still other embodiments, the mobile
communications device 18 or other suitable listener may
communicate with the AED through a wired connection
such as a USB-C cable.

[0045] The AED network server 20 may be a server that
has the ability to communicate with (or at least receive
communications from) a number of different AEDs either
directly or indirectly through appropriate intermediaries. In
various implementations, the AED network server 20 may
optionally also serve as an AED management server that
helps coordinate management of the various AEDs, and/or
as an AED responder network server that facilitates sending
incident alerts to AEDs and/or volunteer responders as
described in U.S. Pat. Nos. U.S. Pat. Nos. 10,621,846 and
10,665,078, which are incorporated herein by reference.

[0046] The AED network server 20 is configured to com-
municate with an emergency services interface (ESI) 28. By
way of background PSAPs were originally designed to
handle voice calls (e.g., 911 calls), but were not well suited
to receive data from external sources that might be relevant
to such calls. As the availability of data relevant to emer-
gency incidents increased, emergency services interfaces
were developed that helped route data (including, but not
limited to device data) that is relevant to a particular incident
to the correct PSAP and to provide mechanisms for associ-
ating such data with the correct voice call(s) reporting an
incident. In general, ESIs have the ability to receive data
relevant to an emergency incident, determine the appropriate
PSAP to handle that incident based on the location of the
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incident, and deliver the relevant data to the appropriate
PSAP in a manner than can be utilized by a telecommuni-
cator that is handling a voice call.

[0047] Telecommunicators within a PSAP will frequently
have access to an ESI portal that allows them to receive data
relevant to various emergency calls. This may take the form
of a separate ESI screen, an ESI frame or window within the
computer aided dispatch (CAD) system or in other suitable
presentations. In such systems, the telecommunicator is able
to view data associated with a voice call in the ESI portal.
In some circumstances, the ESI serves as a clearinghouse for
data supplied to the PSAP. That is, the ESI may take data
from one or more distinct sources, process such data appro-
priately and display the relevant information on the tele-
communicator’s ESI portal.

[0048] In the United States, RapidSOS is currently the
largest emergency services interface and is well suited for
such applications. One particularly desirable feature of Rap-
idSOS is that they currently have relationships with a large
percentage of the emergency call centers in the United States
and are already set up to send data received from other
sources, including data from other connected devices (not
defibrillators) to the call centers. Although RapidSOS is
mentioned specifically, it should be appreciated that the
same approach can be used with any or with multiple
different ESIs as appropriate.

[0049] The ESI 28 is configured communicate with a
number of (and potentially a large number of) PSAPs 30.
The ESI can use the location data forwarded by the AED
network server to determine the appropriate PSAP 30 to
handle any particular incident. As discussed above, the
PSAP’s CAD system or an ESI portal 52 which may be
associated with the CAD system is designed to receive data
relating to incidents from the ESI 28.

[0050] In some embodiments, the functionality of the ESI
28 may be integrated into the AED network server 20 (or
vice versa). Such an architecture is illustrated in FIG. 1B
which is substantially similar to the architecture discussed
above with respect to FIG. 1A except that the AED Network
server 20 itself determines the appropriate PSAP for any
particular incident based on the incident location reported by
the AED (and any other relevant factors). The AED network
server then communicates directly with the selected PSAP
thereby eliminating the need for a separate ESI.

[0051] In some circumstances the AED network server 20
also functions as an AED management server. That is, it is
responsible for non-emergency management of the AEDs. In
such circumstances, it may receive regular status reports
from the AEDs when the AEDs are in standby mode and
may send notifications to the AEDs owners/administrators
when maintenance is required (e.g., the AED battery needs
to be charged or replaced, the electrode pads need to be
replaced, etc.). The AED management server may handle a
wide variety of functions including software updates and
providing owners with the ability to manage AEDs that they
are responsible for.

[0052] In other embodiments, the AED network server
may only be responsible for handling emergency commu-
nications with the AEDs or only handling communications
between AEDs and PSAPs during emergency use of the
AEDs. That is, the AED network server 20 is effectively an
AED emergency network server and a separate AED man-
agement server is provided for non-emergency communica-
tions or for any non-PSAP related communications. A
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potential advantage of the integrated approach is that the
AED (or a communications unit associated with the AED)
only needs to communicate with one designated server
regardless of whether it is in an emergency operating mode
or a standby mode. Additionally, since there will often be
substantial overlap between the handling of emergency and
non-emergency messages, it may reduce the need for main-
taining parallel systems with many duplicate functions.
Conversely, a potential advantage of discrete emergency and
non-emergency network servers is that network bandwidth
taken up by non-emergency communication can’t adversely
impact the emergency AED network server.

[0053] In some implementations the AED network server
may also function as a responder network server as
described in U.S. patent application Ser. No. 16/847,018,
which is incorporated herein by reference.

[0054] FIG. 2A is a flow chart that illustrates a commu-
nications path/protocol 300 for transmitting defibrillator
related information from an AED (or an intermediary device
associated with an AED) to an appropriate PSAP for use by
a telecommunicator at the PSAP. In some circumstances, the
receiving telecommunicator may be handling a live voice
call with the caregiver using the AED or another responsible
bystander. In such circumstances, the defibrillator informa-
tion received at the PSAP can be used to help support
T-CPR. Independently, if/when the desired/permitted within
the context of the PSAP’s dispatch protocols, the defibril-
lator information can potentially be used as a trigger for
dispatching emergency medical services (EMS) to the scene
of the incident when the information provided to the PSAP
includes the geo-location of the AED that is in use.

[0055] In some embodiments, an initial emergency use
message or alert 302 is generated when the AED is activated
for use in an emergency setting. The initial emergency use
alert may be discrete message that is sent when the AED is
used in an emergency, or it may be inferred from the
contents of a status message or status report that is more
routinely sent by the defibrillator. In practice, a variety of
different triggers may be used to initiate such a message. In
some embodiments, the initial emergency use alert 302 is
generated when the AED is first activated (e.g., when a
power button is activated), or the electrode pads are opened
or removed from their storage location, or an electrode pad
cartridge is opened, etc. In others, the emergency use alert
may be generated when the AED detects an impedance
suggestive that the electrode pads have been placed on a
patient. In still others, the emergency use alert 302 may be
generated when the AED is first turned on in a non-training
mode. Of course, other triggers can be used as well.
[0056] When such an initial emergency use alert is trig-
gered, the AED, or a communications unit associated with
the AED transmits selected information to a server that the
AED (or a communications unit associated with the AED) is
configured to communicate with as represented by block 308
(e.g., AED network server 20). In some implementations,
the AED network server may be a server that performs
various AED management services in addition to handling
messages from the AED or communication unit in the
emergency use setting now described.

[0057] As discussed above, in some implementations, the
AED may be configured to communicate directly with the
AED network server 28 (e.g., through a cellular or Wi-Fi/
Internet network). In others, the AED may communicate
through an intermediary such as, an interface unit 15
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attached to the AED, a nearby mobile communications
device 18 (e.g. a Smartphone) or another external commu-
nications unit that is associated with the AED. The use of
such an intermediary is illustrated by optional block 305 in
FIG. 2A. When an intermediary is used, the initial use alert
is transmitted from the AED to the intermediary 305 and
then from the intermediary to the AED network server 308.
Alternatively, in some embodiments, the intermediary
device may be configured to independently detect the acti-
vation/use of the AED.

[0058] Applicant has described systems that routinely
send status messages to either (or both of) an attached
interface unit or other intermediary devices such as nearby
mobile phones both when the AED is in an emergency mode
and when the AED is in the standby mode. Such status
messages can be sent over wired or wireless communica-
tions paths and effectively accomplish step 305. The receiv-
ing intermediary devices are configured to automatically
forward the status reports to an AED network server 28
together with the geo-location of the intermediary thereby
effectively accomplishing step 308. When appropriate, the
intermediary can forward additional information as well.
[0059] The status messages sent during emergency use of
the AED may contain a variety of information that may be
useful to a telecommunicator. By way of example, such
information may include, a unique incident identifier, an
indication of whether the AED has been activated, the
current AED state (which may include a current instruction
state), an indication of whether the electrode pads have been
deployed, the impedance detected by the pads, the nature of
any cardiac rhythms detected by the AED, any of the other
AED information discussed above or below, etc. If the AED
is location aware, it can include its current location. Alter-
natively, when available, the location may be supplied by the
intermediary device (e.g., the interface unit 15, mobile
communications device 18, etc.).

[0060] When the AED network server 20 first receives a
message indicating that an AED has been deployed and is
being used in an emergency setting, the AED network server
20 sends an incident alert to the ESI server 28 as represented
by block 311. In practice this may take the form of an API
call or any other suitable message format. The incident alert
includes incident information received by the AED network
server that is considered relevant to the telecommunicator
and an indication of the location of the incident (e.g.,
geo-location). It may also include information that has been
processed or summarized by the AED network server 20.
[0061] The ESI 28 uses the incident location identified in
the incident alert to determine the PSAP that is appropriate
for handling calls from the geographic area that includes the
location of the incident as represented by block 312. The ESI
then establishes a data connection with the appropriate
PSAP and delivers the defibrillator incident information/data
to that PSAP as represented by block 314. Alternatively, if
the ESI has a standing connection with the target PSAP, the
incident information may be delivered over that standing
connection. The defibrillator data is then displayed on the
screen of the telecommunicator handling the incident as
represented by block 317 (e.g., on a CAD workstation 53
display or ESI portal 52).

[0062] At this point, there are connections or at least
established communications paths between each of the
nodes in the delivery path. The AED network server may
have a connection established with either an intermediary
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device (e.g., interface unit 15, smartphone 18, etc.) or the
AED 10(a) itself. The AED network server 20 also has a
direct connection with the ESI 28. The ESI server 28, in turn
has a direct connection with the PSAP. With these connec-
tions in place, any further updates provided by the AED can
be immediately transmitted to the PSAP, thereby providing
a path for delivering real-time defibrillator incident data
from the AED to the appropriate PSAP and for continually
updating such data in real time. Block 303 in FIG. 2A
illustrates the transmission of such additional information.
The additional information may then be conveyed to the
appropriate PSAP following the same path. The telecom-
municator at the PSAP that is responsible for handling the
incident can use the information received to help facilitate
the incident response. That can include helping the dis-
patcher guide a user (e.g., to facilitate T-CPR), determining
the resources needed for the incident, passing information to
EMS, and a variety of other suitable uses.

[0063] To help the various nodes associate messages with
a particular incident, each message preferably includes a
unique incident identifier. The incident identifier provides
each receiving node with a mechanism for correlating later
received information with an earlier reported incident. A
variety of techniques can be used to assign the unique
incident identifier to a particular incident and the incident
identifier may take a variety of forms. By way of example,
in one specific implementation, a unique number that can be
used as the incident identifier may be formed from otherwise
useful information by concatenating the AED’s serial num-
ber and the time that the AED was activated. Of course, the
incident identifiers may be selected in a variety of other
ways and in some implementations the incident identifier
may be a UUID.

[0064] The method described with respect to FIG. 2A
contemplates the use of a discrete ESI 28 that is distinct from
AED network server 20 as illustrated in FIG. 1A. When the
AED network server 20 itself functions as an ESI, the
process can be simplified as illustrated in FIG. 2B. In this
circumstance, the network server 20 determines the appro-
priate PSAP for handling the incident as represented by
block 322. The network server 20 then forwards the AED
info to the identified PSAP as represented by block 324. In
other respects, the process of FIG. 2B may be similar to that
described above with respect to FIG. 2A.

[0065] There are times when it may be desirable to enable
two way voice communications between an AED user and a
PSAP telecommunicator through the AED itself (or a com-
munications unit associated with the AED), rather than
forcing the user to try to make a separate call to emergency
services (e.g., 911) through their cell phone or relying on a
bystander as an intermediary. If/when desired, such 2-way
communications can readily be facilitated using substan-
tially the same architecture and flow discussed above with
respect to FIGS. 1A and 2A. One such flow is shown in FIG.
3A. In the illustrated embodiment, the initial connection and
additional defibrillator data flow may be substantially the
same as discussed above with respect to FIG. 2A and
repeated in blocks 302-317 of FIG. 3A.

[0066] Upstream voice messages from the user (block
335) may be transported to the telecommunicator using the
same path and rendered in real time at the telecommunica-
tor’s workstation (block 317). Conversely, downstream
voice messages from the telecommunicator to the user may
be delivered via the reverse path. That is, when the tele-
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communicator sends a voice message to a user, the message
is first transmitted from the PSAP system 30 to the ESI 28
as represented by block 340. The ESI 28 then forwards the
dispatcher message to the AED network server as repre-
sented by block 343. The AED network server then forwards
the dispatcher message to the appropriate rendering device,
as represented by block 346. The rendering device, which
may be interface device 15, Smartphone 18, a suitable
enabled AED 10(a) or other suitable device then plays the
message to the user in real-time as represented by block 349.
As will be apparent to those familiar with the voice mes-
saging arts, a variety of readily available real-time voice
messaging technologies can be used to facilitate such 2-way
voice communications between the AED user and the PSAP
telecommunicator over the defined path.

[0067] In the description above, 2-way voice communi-
cations has been described. However, it should be appreci-
ated that textual, graphical imagery and/or other messages
can be transmitted back and forth between the user (or a
bystander) and dispatcher using the same approach. There
are a wide variety of use cases for such messaging.

[0068] In some circumstances, the telecommunicator can
send a message to the AED that causes the AED to generate
a specific audio instruction. For example, an AED that has
the capability of operating in either a normal (adult) or
pediatric (child) mode may have an audio instruction some-
thing like: “if patient is a child under 8 years old, press the
child button.” The telecommunicator may know from a
caller (or other source) or otherwise suspect that the patient
is a child. In parallel, the telecommunicator may see that the
AED is not in pediatric mode. In such circumstances, the
dispatcher can send a ‘trigger’ message to the AED that
causes the AED to generate the “if patient is a child under
8 years old, press the child button™ instruction in response to
the trigger. The AED can generate the triggered instruction
at a convenient time in its workflow. In various embodi-
ments, the triggered instruction can include audio and/or
associated graphics to be displayed on a display screen. The
triggered instruction(s) may be played or rendered by the
AED itself, by an interface unit associated with the AED,
and/or by a connected device as discussed in some of the
incorporated patents.

[0069] Of course, there are many other examples of mes-
sages or instructions that may be triggered by the dispatcher.
For example, if the dispatcher knows that an AED is present
at the scene but has not been powered on, the dispatcher can
send a trigger message that causes the AED or associated
device to generate a “Turn me on” message to encourage
user to activate the AED. In another example, if the dis-
patcher sees that pads have not been applied to the patient,
appropriate pad placement instruction(s) may be triggered.
The triggered instruction may be the standard pad placement
instruction or, if available, a more detailed pad placement
instruction than is normally rendered by the AED.

[0070] In another example, if the dispatcher sees that the
caregiver’s CPR performance is dropping off, the dispatcher
may send a trigger message to the AED that causes the AED
to play or re-play an appropriate message or instruction. The
specific message(s)/instruction(s) rendered may vary based
on the capabilities of the AED. For example, the message
may be a general instruction that encourages the user to push
hard and deep, or more a more tailored instruction to push
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harder and deeper, or at a consistent rate, etc. that they
dispatcher may trigger based on what performance criteria is
dropping off.

[0071] Often, it will be desirable to constrain the instruc-
tions that are triggerable by the telecommunicator to a small
set of pre-defined instructions that the AED is configured to
handle in a specific predetermined ways. Such constraints
can be particularly valuable from a security standpoint. The
security if further enhanced by the described architecture in
which the instructions are passed to the AED by way of the
AED network server—which from the AED’s perspective, is
a known and trusted source. In some implementations,
triggering instructions are only acted on by the AED if they
are received via the AED network server.

[0072] Like the method described in connection with FIG.
2A, the method of FIG. 3A contemplates the use of a discrete
ESI 28 that is distinct from AED network server 20 as
illustrated in FIG. 1A. When the AED network server 20
itself functions as an ESI, the process can be simplified as
illustrated in FIG. 3B. In this circumstance, the PSAP 30
send messages for the AED user directly to the AED network
server 20 as represented by block 342. In other respects, the
flow of downstream communications from the PSAP to an
AED may be similar to those described above with respect
to FIG. 3A. The upstream communications may be similar
to those described above with respect to FIG. 2B.

[0073] FIGS. 3A and 3B show downstream communica-
tions 340-349 in the context of 2-way communications.
However, it should be appreciated that the same flow can be
used to accommodate any downstream communications
from a dispatcher to a user including dispatcher initiated
communications regardless of whether 2-way communica-
tions are enabled.

[0074] Using the AED network server and optionally an
emergency services interface as intermediaries in commu-
nications between the AED and emergency services has
several advantages both in implementation ease and overall
security. The security is enhanced because the AEDs are
known as authenticated by the AED network server 20.
When a separate ESI 28 is utilized, the AED network server
20 is known and trusted by the emergency services interface
28. The ESI 28 or the AED network server 20 when it also
functions as an ESI, is known and trusted by the emergency
call centers (PSAPs 30). From the perspective of the PSAP,
any communications received from an AED are received
from a trusted source (e.g., the AED network server 20 or the
ESI 28), which can be white listed. Similarly, from the
perspective of the distinct ESI 28, all data received over an
IP connection from an AED are received from a trusted
source (the AED response network server 20, which again
can be white listed). In contrast, allowing call centers to
accept connections from AEDs without going through the
AED response network server would introduce a significant
security risk to the call centers.

[0075] Furthermore, it is believed that the described
approach is particularly easy to implement. This is in part
due to the fact that existing emergency services interfaces 28
are already trusted data providers for many call centers,
which significantly simplifies the AED network/call center
integration process. It also leverages the benefits of AED
networks which may be utilized independently for managing
AEDs and other purposes. Furthermore, since PSAPs are
currently accustomed to working with ESIs, the described
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framework is particularly easy to integrate with PSAPs even
if the AED network server is designed to function as a “new”
ESL

[0076] It is noted that ESI’s may be notified of potential
emergency incidents from a number of different devices/
sources well outside the realm of medical devices in general
and AEDs in particular. Due to the risk of false alarms, most
of the detected actions or events that trigger an API call to
the ESI must be verified before a call is made or data is sent
to a PSAP. Consider for example a security alarm system in
which an alarm is triggered if a person entering a premise
doesn’t enter the correct PIN quickly enough to disable the
alarm. In large part due to the risk of false alarms, most
device triggers must be verified by a human before a voice
call is made or data is sent to a PSAP. This is typically
accomplished by a monitoring service. As such, when the
ESI receives a device triggered alarm, the message is
typically sent to a monitoring service that verifies that the
alarm is a real emergency. If the incident was a false alarm,
the ESI call is effectively ignored, and no voice call is made
and no incident data is sent to a PSAP. In contrast, when the
emergency is verified (using the protocols defined by the
monitoring service), a voice call is typically made by the
monitoring service to the appropriate PSAP to report the
incident. In parallel, the ESI is informed that the incident has
been verified which causes any appropriate device data to be
forwarded to the appropriate PSAP.

[0077] When the AED server 20 determines that an AED
is being used in an emergency incident (e.g., when it is
determined that the AEDs electrode pads have been
deployed), there is a high degree of confidence that the AED
is being used in a real emergency that needs to be responded
to. Therefore, in some embodiments, the API call from the
AED network server 20 may be treated as a Verified
Request. The Verified Request causes the ESI to immedi-
ately respond to the incident alert by transmitting any
appropriate data directly to the PSAP. If desired, the ESI or
the AED network can further employ a monitoring service
(internal or external) that makes a parallel voice call to the
PSAP to report the incident. In other embodiments, a moni-
toring service could be used to verify the defibrillator
incident prior to forwarding the defibrillator data to the
appropriate PSAP—although such an approach inherently
slows the response time.

[0078] In some embodiments, AEDs 10 are configured to
periodically send incident status messages during emer-
gency use of the AED. Such incident status messages may
be passed on to the AED network server 20 and the infor-
mation that is relevant to the PSAP can be forwarded on to
the ESI 25 and PSAP 30 as appropriate. The format and
content of the incident status messages may vary widely. By
way of example, one suitable incident status message format
is diagrammatically illustrated in FIG. 4. Others are
described in the incorporated U.S. patent application Ser.
Nos. 16/733,591 and 16/733,684 and a variety of other
message structures/contents may be utilized. In the embodi-
ment illustrated in FIG. 4, the incident status message 400
includes: (1) an AED identifier field 401; (2) a state field
404; a time in state field 406; and (3) various incident related
information 410.

[0079] The AED identifier field 401 may include a device
identifier 402 that uniquely identifies the AED. In some
embodiments this may take the form of a device serial
number. The state field 404 includes a state identifier 405
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that corresponds to the current event state of the AED. In
some implementations each instruction that can be issued by
the AED during emergency use of the defibrillator is
assigned a unique state identifier. Thus, some of the avail-
able event states are instruction states. Therefore, any device
that receives the incident status message 400 knows the
AEDs current instruction state. The instructional state may
be used by receiving devices such as interface unit 15,
Smartphones 18 or other intermediary devices to facilitate
the display of graphic instructions on the listening device
that are synchronized with audio instructions issued by the
AED. Such a system is sometimes referred to herein as “in
sync graphics” and is described in detail in U.S. patent
application Ser. No. 16/145,657 which is incorporated
herein by reference. Although instruction states are an
important set of the potential defibrillator states, it should be
appreciated that the set of available states is not limited to
instruction states. Rather, there may be any number of
defibrillator states that are not associated with any particular
instruction. The AED state information can also be utilized
to inform the telecommunicator of the AEDs current state in
real time.

[0080] The time in state field 406 includes a state timer
407 that indicates how long the AED has been in the current
state identified by state identifier 405. As discussed above,
the amount of time that the AED has been in any particular
instruction state can provide useful information to the tele-
communicator. For example, if the AED has been in a
particular instruction state (e.g. apply the red electrode pad)
for an extended period, that may suggest that the caregiver
is stuck on that step and the telecommunicator can provide
specific guidance that may be helpful to the caregiver based
on the actions required given the state that the caregiver
appears to be stuck on.

[0081] The incident related information that is conveyed
as part of a incident status message 400 may vary widely as
appropriate for any particular implementation. In general,
any defibrillator related information that is perceived to be
useful to any of the caregiver that is utilizing the AED,
responding emergency medical technicians (EMTs) and/or
the telecommunicator may be included in the incident status
messages. In the embodiment illustrated in FIG. 4, the
incident related information includes an activation time field
415, an elapsed time field 418, a detected impedance field
422, an ECG field 424, a rhythm diagnosis field 426 and a
shock field 430. In other embodiments, more, fewer and/or
different information fields may be provided.

[0082] The activation time field 415 includes an activation
time identifier 416 that is effectively a timestamp of when
the AED was activated. As mentioned above, in some
implementations, the device identifier 402 and the activation
time identifier 416 may be concatenated to create a unique
Incident ID (UUID) that can be used to ensure that infor-
mation transmitted to the network server 20, ESI 28 and
PSAP 30 is always associated with the correct incident.
[0083] The time elapsed field 418 includes an elapsed time
identifier 419 that indicates the amount of time that has
elapsed since the AED was activated. In other embodiments,
the time elapsed field may include a timestamp or equivalent
indicating the current time so that a receiving device itself
can determine the elapsed time and/or verify the order of
received messages.

[0084] The impedance field 422 may include an indication
of the most recent patient impedance detected by the AED,
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an impedance graph 423 showing variations in the detected
impedance over time and/or any other desired indication of
impedance detected by the AED. The detected impedance
can be helpful in verifying whether the electrode pads have
been placed on the patient and/or if out of the range of
expected impedance may suggest that the pads have not
been attached properly or have been placed wrong. The
impedance graph can provide the telecommunicator with an
indication of whether CPR is being performed (and/or
performed at the right time).

[0085] ECG field 424 may provide a recently detected
ECG segment 425 (e.g., the most recent ECG segment).

[0086] The rhythm diagnosis field 426 includes a rhythm
identifier or diagnosis 427. In some embodiments that may
take the form of a simple flag that indicates whether the
cardiac rhythm detected is shockable or not. In others, the
rhythm diagnosis may indicate the type of cardiac rhythm
that has been identified by the AED’s classifier (e.g., ven-
tricular fibrillation (VF), ventricular tachycardia (VT), etc.).
In some implementations multiple rhythm identifications
can be provided. For example, it may be desirable to provide
an original (pre-shock) rhythm diagnosis in addition to the
current rhythm diagnosis. If multiple shocks have been
delivered, it may be desirable to provide the original rhythm
classification together with the diagnosis that was made after
each administered shock including the current rhythm diag-
nosis (e.g., normal, VF, VT, etc.).

[0087] The shocks field 430 includes a shock count iden-
tifier 431 that indicates the number of shocks that have been
delivered as part of the current incident. In some embodi-
ments, the shock count identifier 431 may be followed by
shock information that identifies the timing and nature of
each delivered shock. The specific shock information pro-
vided may vary widely based on the design goals and needs
of any particular systems. By way of example, in some
embodiments, for each administered shock, a timestamp 432
and a power level indicator 433 provided. The timestamp
432 indicates the time that the shock was delivered. The
power level indicator 433 indicates the nominal (or mea-
sured) energy delivered by the associated shock (e.g., 150
joules, 180 joules, etc.).

[0088] When CPR related feedback (e.g., compression
rate, compression depth, etc.), the incident status messages
may include such information as well (not shown). Such
CPR related feedback can be useful to the telecommunicator
to facilitate coaching the responder/caregiver to provide
more effective CPR when appropriate. When the AED or a
device associated therewith has the ability to analyze the
quality of CPR compressions the status reports may include
such information as well (e.g., an indication of the quality of
compressions delivered, or the percentage of compressions
were quality compression vs. not).

[0089] Although a few specific incident status message
indicators have been shown, it should be appreciated that a
variety of other indicators/fields may be provided as appro-
priate for any given implementations. For example, in some
embodiments, a child/adult indicator is provided that indi-
cates whether the AED is/was in a normal or pediatric
operating mode. In some embodiments a language indicator
is provided which indicates the language that instructions
are being delivered in (e.g., English/Spanish, etc.) Of course,
the specific information that is conveyed as part of an
incident status message 400 may vary widely, with more,
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less or different information being transmitted as appropriate
for any particular implementation.

[0090] When the AED is activated for emergency use, the
AED transmits the incident status message 400 at regular
intervals. The specific intervals used may vary but they are
preferably fairly frequent. By way of example, frequencies
on the order of one or more status messages per second
works well (e.g., 0.5-20 Hz) for facilitating in-synch graph-
ics and allows impedance variations to be tracked very
closely. Although such frequencies work well for the pur-
poses of T-CPR, it should be apparent that the messages can
be transmitted and/or forwarded to the PSAP at lower or
higher frequencies to meet the needs of T-CPR. In some
specific implementations, incident status messages are sent
at regular intervals (e.g., at a frequency of 1 Hz) and any
time there is a change in audio instruction (or other) state.
[0091] There are a number of services that can be provided
by software executing on one or more of the nodes to make
the defibrillator information more presentable to the tele-
communicator. For example, it may be useful for the tele-
communicator’s Ul to include a timer that shows how long
the AED has been in the current instruction state. If such
information is not explicitly transmitted by the defibrillator,
the time in current state can be determined at any of the
nodes that receive the current instruction state (e.g., AED
network server 20, ESI 28, etc.) and included in the incident
information transmitted to the PSAP, or may be determined
at the PSAP itself. The Ul in the telecommunicator’s ESI
portal 52 may then include a field that identifies the current
AED instruction state and a timer that indicates how long the
AED has been in that state. It should be apparent that the
AED server, and/or software executing at the PSAP or at any
other node can readily tract the time from the point at which
it first received a status report indicating that the AED is in
a particular state (e.g. a particular instructions state, or that
the pads are connected to a patient). Such “time in state”
information can then be transmitted to the PSAP and/or
rendered on the telecommunicator’s display screen in con-
junction with the associated state or instruction state.
[0092] In another example, a service may be provided to
create a graph showing the detected impendence or ECG and
its variations over time. For example, if the AED’s status
reports simply provide an indication of the most recently
detected impedance, a service at the AED network server or
any other suitable node can create a graph or set of imped-
ance readings that shows impedance variations over time.
Such time based impedance information can be transmitted
to the PSAP and/or rendered on the telecommunicator’s
display screen. Similarly, services may be provided to
combine ECG segments or any other information received
from the AED and/or sensors in graphs or other suitable
renderings that show variations in the detected parameters as
a function of time.

[0093] Applicant has developed AED interface units that
have the ability to receive real-time incident data from an
AED during emergency use of the AED. The interface units
are also able to communicate with external systems during
emergency use of the AED as well as in non-emergency
settings. Such communications may be made via Wi-Fi
networks, cellular networks, and/or other suitable networks.
By way of example, some representative interface units are
described in U.S. patent application Ser. Nos. 16/145,657
and 16/146,096 and PCT Application No. PCT/US18/53321
which are all incorporated herein by reference. Other exist-
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ing and proposed AEDs have incorporated or proposed
various levels of communication capabilities or are config-
ured to work with separate communication units that facili-
tate communications with remote servers. Applicant is also
developing an AED that is capable of communicating with
remote devices via other intermediaries, such as bystander’s
mobile communications devices (e.g., cellular smartphones)
and/or other suitable configured nearby devices. By way of
example, some such AEDs are described in U.S. patent
application Ser. No. 16/733,591 and PCT Application No.
PCT/US20/12146, which are also each incorporated by
reference.

[0094] Still further, Applicant is developing responder
networks which allow emergency services call centers to
notify volunteer responders and AEDs of nearby potential
cardiac arrest incidents and facilitate selected communica-
tions between AEDs and emergency call centers. In some
implementations, communications between an AED and an
emergency service call center is facilitated through interme-
diaries such as a responder network server and/or an emer-
gency services interface such as RapidSOS. By way of
example, some such responder networks are described in
U.S. Patent Application Nos. 63/242,610 (PO25P); 16/562,
870 and 16/562,864 and PCT Application No. PCT/US19/
49876, which are also all incorporated herein by reference.
[0095] The various incorporated patents and patent appli-
cations describe systems that can be used to communicate
incident data detected by an AED to an appropriate emer-
gency services call center (and/or other appropriate medical
institutions/personnel) in real-time during emergency use of
the AED. The present disclosure contemplates making
selected AED incident information available to the telecom-
municator that is handling the incident in real-time so that
such information can be used to help the telecommunicator
provide more effective T-CPR and/or AED use instructions
to the caller. In different circumstances, the caller may be:
(a) a bystander that is distinct from a volunteer responder/
caregiver (user) that is using the AED and/or providing
CPR; (b) the (or one of the) volunteer responder(s) using the
AED and/or providing CPR; or (c) the call may be initiated
by the AED itself, or by an interface or communications unit
associated with the AED.

[0096] Data Transfers to Hospitals and EMS

[0097] It is also desirable to deliver defibrillator incident
data to the medical personnel and/or medical facility(ies)
that are responsible for treating the patient after the handoff
from EMS. Such data can be delivered in a number of
different ways. In some embodiments, the emergency call
center can forward defibrillator incident data to the respond-
ing EMS unit. If available and desired, the EMS can view
such data on the way to an incident so that they have a better
understanding of situation before they arrive at the scene.
Even when EMS does not itself review the incident data
(which may often be the case), it can still provide a mecha-
nism for delivering the incident data to the patient’s medical
records.

[0098] Specifically, when a patient is taken by EMS to a
medical facility such as hospital, the EMS responder will
typically deliver an incident record to the medical facility.
Sending the defibrillator incident data to EMS via the
emergency call center allows the EMS unit to include the
defibrillator incident data in the incident record provided to
the medical facility, which in turn can enter such data into
the patient’s medical records.
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[0099] In other embodiments, the defibrillator incident
data can be provided to the appropriate medical facility(ies)
directly (or indirectly) from a defibrillator management
server that receives the incident data directly from the
defibrillator. In some implementations, the management
server may integrate with medical records/medical facilities
through an Electronic Patient Care Reporting (ePCR) ser-
vice. It should be appreciated that in some embodiments, the
defibrillator incident data will be sent from the AED to the
defibrillator management server during emergency use of
the AED—which forwards such information to the respon-
sible emergency call center either directly or through an
emergency services interface as discussed above, so the
defibrillator management server may already have the defi-
brillator incident data available to forward to medical facili-
ties/personnel as appropriate.

[0100] Additionally, or alternatively, the defibrillator may
create an incident log during emergency use that contains all
data from the incident that is considered important. The
incident log may then be transmitted to, retrieved by, or
otherwise conveyed to an incident report server and/or an
ePCR service—which makes the reports available to appro-
priate medical and/or emergency services personnel, and/or
integrates the incident log with the patient’s record. By way
of example, U.S. patent application Ser. Nos. 63/004,320
and 17/217,738 (P022), which are incorporated herein by
reference, describes some specific ways of making incident
logs available to medical personnel. There is a variety of
defibrillator based information that may be of interest to
medical personnel that is not available from other sources.
Any or all of such information can be included in the
defibrillator incident record provided by the defibrillator.
This may include information such as the ECG rhythms
detected by the defibrillator, AED use related information,
various information about the shock decisions and any
shocks that are delivered, CPR related feedback, etc.
[0101] With respect to the ECG rhythms, one rhythm of
particular interest is the initial thythm detected by the AED.
The true initial rhythm can be a very important piece of
information for electrophysiologists when they are deciding
a care plan for the patient and are not conventionally
available since the presenting rhythm when EMS arrives is
often different than the initial rhythm that the patient expe-
rienced, especially when a defibrillator has been used.
Various other ECG segments are also of interest. In some
embodiments, the defibrillator incident record includes all
ECG segments detected by the defibrillator while the elec-
trode pads are coupled to the patient. In other embodiments
selected ECG strips are presented—as for example, the
initial segment, each segment used in a shock/no shock
determination, and the rhythms detected after each shock
delivery.

[0102] The AED use related information may include
information such as the time from AED activation to inci-
dent end, etc.

[0103] Shock related information may include the number
of shocks delivered (if any), the time that each shock was
delivered (relative to AED activation) and the energy level
imparted by the shock. It may also include the results of each
shock/no shock decision and the relative timing of such
decisions.

[0104] In some embodiments, the incident report may
include an annotated timeline that identifies the timing of
various events of significance—e.g., CPR started (or CPR
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instruction given), shockable rhythm detected, shock deliv-
ered, normal rhythm detected, etc.

[0105] CPR related feedback may include feedback such
as compression rates, compression depths, the quality of
compressions delivered, what percentage of compressions
were quality vs. not, the percentage of time that CPR was
actually performed when it was supposed to, vs. not, etc.
[0106] Of course, the defibrillator incident record deliv-
ered to the medical facility may include any other informa-
tion available to the defibrillator that is deemed of interest to
medical personnel. For example, in some devices associated
with a patient may have medical related information that
may be useful to attending medical personnel. For example,
a health app on a victim’s Smartphone or an EKG monitor-
ing product such as the AliveCor KardiaMobile may have
information about the patient’s health immediately preced-
ing a cardiac arrest incident, e.g., ECGs, heart rate, blood
pressure, blood oxygen levels, etc., which may be useful to
medical personnel. In some implementations, the AED may
be designed to query such devices associated with the
patient and to add relevant information from such devices to
the incident report.

[0107] Other Features

[0108] Although only a few embodiments of the invention
have been described in detail, it should be appreciated that
the invention may be implemented in many other forms
without departing from the spirit or scope of the invention.
In the foregoing specification, several specific types of AED
incident information that can be particularly useful for
telecommunicators when guiding volunteer caregivers
through the use of an AED and/or CPR have been described.
One such example is the AEDs current instruction state
which can be particularly useful for providing the telecom-
municator with an understanding of where the caregiver is in
the process. Another example is providing an indication of
the time that the AED has been in a particular state (e.g., a
particular instruction state, or more generally a particular
AED state)—which may provide clues as to when a care-
giver is stuck on that step. The detected patient impedance
or an impedance graph can also provide a variety of useful
be useful information as to the likely current state of the
defibrillators use (e.g. whether the electrode pads have been
place properly or feedback illustrative of whether CPR is
being performed).

[0109] In some of the embodiments described above,
communications between the AED and the PSAP pass
through AED both network server 20 and ESI 28. In
alternative implementations, one or both of these interme-
diaries can potentially be eliminated. For example, AEDs (or
communication units associated therewith) could directly
contact ESI 28 or AED network server 20 could be arranged
to communicate directly with the PSAP.

[0110] Further, if desired, the novel types of AED incident
information delivered to a PSAP for facilitating T-CPR
(which as used herein encompasses AED use guidance) can
be delivered directly from an AED (or a communications
unit associated therewith) to a PSAP if/when the PSAP is
designed to directly accept data calls. Of course, such AED
incident information can be delivered to the PSAP via any
other suitable means as well.

[0111] Mouch of the discussion above refers to communi-
cations between an AED and an AED network server. Some
AEDs will have an integrated communications unit so that
communications can be made directly with the AED. How-
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ever, in many other applications, the AED itself will not
have a communications unit that is suitable for communi-
cating with the AED network sever. Rather, a separate
interface unit or communications unit may be provided that
has such abilities. In some circumstances, the interface unit
may be a separate unit that is physically attached to a fully
functional AED such that it can be (and is intended to be)
carried together with the AED as a single unit even though
it is architected as a modular system. In such circumstances,
the AED (which might be considered a base defibrillator
unit) may be a fully functional defibrillator that is capable of
(and/or designed to) operate independently with or without
the presence of the interface unit. In such circumstances the
communications with the AED network server may be with
the independent interface unit or communication unit rather
than the base defibrillator unit itself. A good example of such
a modular system is described in the incorporated U.S.
Patent Application Nos. 10,773,091 and 10,737,105. How-
ever, for the purposes of this disclosure and claims, com-
munications with such systems is contemplated to be within
the scope of the described communications with an AED
unless the context precludes such interpretation. Communi-
cations between the various nodes in the system can be made
using any suitable communications protocol.

[0112] Several of the workflows described above were
described at least in part through the use of flow charts
which suggest a particular order of steps. In some circum-
stances the order of events may be important as suggested by
the context. However, in others various steps may be reor-
dered or eliminated and other steps may be added without
departing from the spirit and scope of the invention.
[0113] The inventions have been described primarily in
the context of telecommunicator providing guidance to
callers in circumstances in which a volunteer responders/
caregiver is utilizing an AED while responding to cardiac
arrest incidents. However, it should be appreciated that a
similar approaches and systems can be used in conjunction
with telecommunicator guidance involving the use of other
types of connected medical instruments, devices or kits (as
for example a connected first aid kit or a connected EpiPen).
Therefore, the present embodiments should be considered
illustrative and not restrictive, and the invention is not to be
limited to the details given herein but may be modified
within the scope and equivalents of the appended claims.

1. A method of communicating information to a telecom-
municator, the method comprising:

at a medical device network server, receiving incident
information generated by a medical device, the incident
information being received directly or indirectly from
the medical device in real time during emergency use
of the medical device; and

transmitting at least selected portions of the incident
information from the medical device network server
directly or indirectly to a Public Safety Answering
Point (PSAP) responsible for handling calls to emer-
gency services originating from an area that includes
the current location of the medical device, wherein the
selected incident information is forwarded to the PSAP
in real time during the use of the medical device such
that the selected incident information can be utilized in
real time by the telecommunicator to provide directions
to a caregiver utilizing the medical device or a caller at
the location of the medical device during the use of the
medical device.
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2. A method as recited in claim 1 wherein the medical
device network server processes at least some of the incident
information received from the medical and at least some of
the selected incident information transmitted to the PSAP is
transmitted in a different format than such incident infor-
mation was received in.

3. A method as recited in claim 1 further comprising
displaying at least some of the selected incident information
on a display at the PSAP for use by the telecommunicator in
real time while communicating with the caregiver or caller.

4. A method as recited in claim 3 further comprising the
telecommunicator utilizing the selected incident information
to provide directions to the caregiver or caller during the
emergency use of the medical device.

5. A method as recited in claim 1 further comprising, at
the medical device network server, determining the appro-
priate PSAP to forward the selected incident information to
based at least in part on the current location of the medical
device.

6. A method as recited in claim 1 wherein the medical
device network server forwards the selected incident infor-
mation to an emergency services interface, the method
further comprising, at the emergency services interface,
determining the appropriate PSAP to forward the selected
incident information to based at least in part on the current
location of the medical device.

7. A method as recited in claim 1 wherein the selected
incident information includes a current instruction state of
the medical device.

8. A method as recited in claim 7 wherein the selected
incident information further includes an indication of an
amount of time that the medical device has been in the
current instruction state.

9. A method as recited in claim 1 wherein the selected
incident information includes an indication of an amount of
time that has passed since the medical device was activated.

10. A method as recited in claim 1 wherein the selected
incident information includes an indication that the medical
device has been powered on.

11. A medical device network server configured to:

receive incident information generated by a medical

device directly or indirectly from the medical device in
real time during the emergency use of the medical
device; and

transmit at least selected portions of incident information

directly or indirectly to a Public Safety Answering
Point (PSAP) responsible for handling calls to emer-
gency services originating from an area that includes a
current location of the medical device in real time
during the emergency use of the AED such that the
selected incident information can be utilized in real
time by a telecommunicator at the PSAP to provide
directions to a caregiver utilizing the medical device or
a caller at the location of the medical device during the
emergency use of the medical device.

12. A medical device network server as recited in claim 11
wherein the medical device network server processes at least
some of the incident information received from the medical
and at least some of the selected incident information
transmitted to the PSAP is transmitted in a different format
than such incident information was received in.

13. A medical device network server as recited in claim 11
wherein the medical device network server forwards the
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selected incident information to an emergency services
interface, the emergency services interface being configured
to determine the appropriate PSAP to forward the selected
incident information to based at least in part on the current
location of the medical device.

14. A medical device network server as recited in claim 11
wherein the selected incident information includes a current
instruction state of the medical device.

15. A method as recited in claim 14 wherein the selected
incident information further includes an indication of an
amount of time that the medical device has been in the
current instruction state.

16. A method as recited in claim 11 wherein the selected
incident information includes an indication of an amount of
time that has passed since the medical device was activated.

17. A method as recited in claim 11 wherein the selected
incident information includes an indication that the medical
device has been powered on.

18. A method of communicating information from a
medical device to a Public Safety Answering Point (PSAP),
the method comprising:

outputting incident information generated by the medical

device in real time during emergency use of the medical
device, wherein the outputted incident information
includes an indication of a current instruction state of
the medical device; and

transmitting at least selected portions of the incident

information, including the current instruction state,
directly or indirectly to the Public Safety Answering
Point (PSAP) responsible for handling calls to emer-
gency services originating from an area that includes a
current location of the medical device, wherein the
selected defibrillator incident information is transmit-
ted to the PSAP in real time during the emergency use
of the medical device.

19. An automated external defibrillator (AED) configured
to electronically transmit selected defibrillator information
directly or indirectly to a Public Safety Answering Point
(PSAP) responsible for handling calls to emergency services
originating from an area that includes a current location of
the AED, wherein the selected defibrillator information is
forwarded to the PSAP in real time during an emergency
incident such that the defibrillator information can be uti-
lized in real time by a telecommunicator at the PSAP to
provide directions to a caregiver utilizing the AED or to a
caller at the location of the AED during the emergency use
of the AED, wherein the selected defibrillator information
includes an indication that the AED has been powered on.

20. An automated external defibrillator (AED) configured
to electronically transmit selected defibrillator information
directly or indirectly to a Public Safety Answering Point
(PSAP) responsible for handling calls to emergency services
originating from an area that includes a current location of
the AED, wherein the selected defibrillator information is
forwarded to the PSAP in real time during an emergency
incident such that the defibrillator information can be uti-
lized in real time by a telecommunicator at the PSAP to
provide directions to a caregiver utilizing the AED or to a
caller at the location of the AED during the emergency use
of the AED, wherein the selected defibrillator information
includes an indication of whether a cardiac rhythm detected
by the AED is a shockable or non-shockable rhythm.
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