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(57) ABSTRACT

A system for collecting and displaying emergency medical
services information according to embodiments of the
present invention includes a patient monitoring device con-
figured to monitor a patient, a navigation device, a patient
charting device, a database, a display device, and a processor
communicably coupled to the defibrillator, the navigation
device, the patient charting device, the database, and the
display device. According to embodiments of the present
invention, the processor is configured to receive emergency
medical services information from the defibrillator device,
the navigation device, and the patient charting device, store
the emergency medical services information in the database,
and display the emergency medical services information on
the display device according to an information template.
According to some embodiments, aggregated data feeds from
one or more such processors are stored in a remote server and
available to remote enterprise users via a secure web inter-
face.
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SYSTEMS AND METHODS FOR
COLLECTION, ORGANIZATION AND
DISPLAY OF EMS INFORMATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application Ser. Nos. 61/227,187, filed on Jul.
21, 2009, and 61/322,678, filed on Apr. 9, 2010, which are
incorporated herein by reference in their entirety for all pur-
poses.

TECHNICAL FIELD

[0002] Embodiments of the present invention relate gener-
ally to emergency medical services information management,
and more particularly to collection, organization, and display
of information gathered from multiple different kinds of
devices used in emergency medical services.

BACKGROUND

[0003] When an ambulance or other emergency medical
services (“EMS”) vehicle is dispatched to a medical emer-
gency, the ambulance driver as well as the EMS technician
typically rely on an array of devices in helping them locate,
diagnose, treat, transport, chart information about, and
deliver the patient. Although such devices typically facilitate
particular aspects of the EMS experience, the manual inter-
action time for each device and the shifting of attention from
device to device can in some cases increase transport time
and/or shift valuable time away from patient care or can fail to
give the crew a complete picture.

[0004] Sending certain data-intensive information from an
ambulance to a hospital or other care provider often involves
manually faxing or e-mailing such data between telephony
devices. For example, an EMS technician attempting to con-
vey 12-lead data from a defibrillator must often verbally
describe her own assessment of the data, or spend the time
e-mailing or faxing a snapshot of the 12-lead data to the
hospital. This may delay patient care and/or result in the
time-consuming transmission of a patient snapshot that may
already be several minutes old by the time it reaches the
hospital. In fact, transmission of information between an
EMS technician in the back of an ambulance and a hospital
emergency room (“ER”) nurse often involves a mobile phone
“patch” or call during which the EMS technician attempts to
verbally convey the patient’s status and treatment, and the
vehicle location, while manually sorting through various data
sources including the patient’s chart, the defibrillator visual
data, and/or the ambulance location data (e.g. looking out the
window). This often results in inefficient and sometimes inac-
curate communication between the EMS technician and the
hospital.

SUMMARY

[0005] Embodiments of the present invention communi-
cate with and gather relevant data from multiple EMS devices
(including but not limited to a defibrillator monitoring a
patient, a patient charting device, and a navigation device),
organize and store the information, and display it in real-time
on a screen in the back of an ambulance and to a hospital, or
other location such as a physician’s home, via a web browser
interface. According to embodiments of the present inven-
tion, the display screen in the back of the ambulance is a
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touch-screen with various organizational options that
instantly display different subsets of the EMS information for
different uses.

[0006] A system for collecting and displaying emergency
medical services information according to embodiments of
the present invention includes a defibrillator device config-
ured to monitor a patient, a navigation device, a patient chart-
ing device, a database, a display device separate and distinct
from the defibrillator device, the navigation device, and the
patient charting device, and a processor in communication
with the defibrillator, the navigation device, the patient chart-
ing device, the database, and the display device. According to
embodiments of the present invention, the processor is con-
figured to receive emergency medical services information
from the defibrillator device, the navigation device, and the
patient charting device, store the emergency medical services
information in the database, and display the emergency medi-
cal services information on the display device according to an
information template.

[0007] According to embodiments of the present invention,
a system for collecting and displaying emergency medical
services information, the system comprising: a patient moni-
toring device configured to monitor a patient and to make
available patient monitoring information; a patient charting
device configured to make available patient charting informa-
tion, wherein emergency medical services information
includes at least some of the patient monitoring information
and at least some of the patient charting information; a data-
base; a display device; and a processor communicably
coupled to the patient monitoring device, the patient charting
device, the database, and the display device, the processor
configured to receive the emergency medical services infor-
mation, store the emergency medical services information in
the database, and display the emergency medical services
information on the display device according to an information
template.

[0008] Thesystem ofparagraph[0007], wherein the patient
monitoring device is a defibrillator.

[0009] The system of any of paragraphs [0007] through
[0008], wherein the information template is stored in the
database.

[0010] The system of any of paragraphs [0007] through
[0009], wherein the processor is configured to display at least
some of the patient charting information and at least some of
the patient monitoring information simultaneously on the
display device.

[0011] The system of any of paragraphs [0007] through
[0010], further comprising a navigation device configured to
make available navigation information, wherein the proces-
sor is communicably coupled to the navigation device, and
wherein the emergency medical services information further
includes at least some of the navigation information.

[0012] The system of any of paragraphs [0007] through
[0011], wherein the processor is configured to display at least
some of the patient charting information, at least some of the
patient monitoring information, and at least some of the navi-
gation information simultaneously on the display device.
[0013] The system of any of paragraphs [0007] through
[0012], wherein the navigation information is information
about location of an emergency medical services vehicle.
[0014] The system of any of paragraphs [0007] through
[0013] further comprising an emergency services vehicle,
wherein the display device is mounted in the emergency
services vehicle.
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[0015] The system of any of paragraphs [0007] through
[0014], wherein the emergency services vehicle is an ambu-
lance, and wherein the display device is mounted in a back
section of the ambulance.

[0016] The system of any of paragraphs [0007] through
[0015], wherein the display device includes a touch screen
input device for sending instructions to the processor.
[0017] The system of any of paragraphs [0007] through
[0016], wherein the display device and the processor are part
of a tablet PC.

[0018] The system of any of paragraphs [0007] through
[0017], wherein the display device cycles display between an
information template comprising primarily patient monitor-
ing information and an information template comprising pri-
marily patient charting information.

[0019] The system of any of paragraphs [0007] through
[0018], wherein the display device cycles display between an
information template comprising primarily patient monitor-
ing information, an information template comprising prima-
rily patient charting information, and a patch notes informa-
tion template.

[0020] The system of any of paragraphs [0007] through
[0019], further comprising: an enterprise server communica-
bly coupled to the processor, the enterprise server configured
to receive the emergency medical services information from
the processor and send the emergency medical services infor-
mation to an enterprise environment via a web browser intet-
face.

[0021] The system of any of paragraphs [0007] through
[0020], wherein the web browser interface is substantially
similar to an interface displayed on the display device.
[0022] The system of any of paragraphs [0007] through
[0021], wherein the database is a mobile database, the system
further comprising an enterprise database on a storage
medium, wherein the enterprise server is further configured to
store at least a portion of the emergency medical services
information in the enterprise database.

[0023] According to embodiments of the present invention,
a system for collecting and displaying emergency medical
services information, the system comprising: a patient moni-
toring device configured to monitor a patient and to make
available patient monitoring information; a navigation device
configured to make available navigation information about an
emergency medical services vehicle, wherein emergency
medical services information includes at least some of the
patient monitoring information and at least some of the navi-
gation information; a database; a display device; and a pro-
cessor communicably coupled to the patient monitoring
device, the navigation device, the database, and the display
device, the processor configured to receive the emergency
medical services information, store the emergency medical
services information in the database, and display the emer-
gency medical services information on the display device
according to an information template.

[0024] According to embodiments of the present invention,
a system for collecting and displaying emergency medical
services information, the system comprising: a patient moni-
toring device configured to monitor a patient in a medical
emergency and to make available patient monitoring infor-
mation; a display device configured for placement in a mobile
environment for deployment in the medical emergency; an
EMS device that does not monitor the patient but that records
or observes information about the medical emergency, the
EMS device configured to make available EMS information
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based on recorded or observed information; and a processor
communicably coupled to the patient monitoring device, the
EMS device, and the display device, the processor configured
to display at least a portion of the patient monitoring infor-
mation and the EMS information on the display device
according to a data model.

[0025] The system of any of paragraphs [0007] through
[0024], wherein the EMS device is a patient charting device,
and wherein the EMS information is patient charting infor-
mation.

[0026] The system of any of paragraphs [0007] through
[0025], wherein the EMS device is a navigation device, and
wherein the EMS information is navigation information
about the mobile environment.

[0027] The system of any of paragraphs [0007] through
[0026], wherein the patient monitoring device is a defibrilla-
tor.

[0028] The system of any of paragraphs [0007] through
[0027], wherein the EMS device is a first EMS device and the
EMS information is a first type of EMS information, the
system further comprising: a second EMS device that does
not monitor the patient but that records or observes informa-
tion about the medical emergency, the second EMS device
configured to make available a second type of EMS informa-
tion different from the first type of EMS information, wherein
the processor is communicably coupled to the second EMS
device, and is configured to display at least a portion of the
second type of EMS information on the display device.
[0029] The system of any of paragraphs [0007] through
[0028], wherein the first EMS device is a patient charting
device, wherein the first type of EMS information is patient
charting information, wherein the second EMS device is a
navigation device, and wherein the second type of EMS infor-
mation is navigation information about the mobile environ-
ment.

[0030] The system of any of paragraphs [0007] through
[0029], further comprising: an enterprise server communica-
bly coupled to the processor, the enterprise server configured
to receive the EMS information and the patient monitoring
information from the processor and send the EMS informa-
tion and patient monitoring information to an enterprise envi-
ronment via a web browser interface.

[0031] The system of any of paragraphs [0007] through
[0030], wherein the enterprise environment is a hospital.
[0032] According to embodiments of the present invention,
a system for collecting and displaying emergency medical
services information, the system comprising: a clinical device
configured to gather clinical data related to a clinical encoun-
ter; a non-clinical device configured to gather non-clinical
datarelated to a clinical encounter; wherein emergency medi-
cal services information includes at least some of the clinical
data and at least some of the non-clinical data; a database; a
display device; and a processor communicably coupled to the
clinical device, the non-clinical device, the database, and the
display device, the processor configured to receive the emer-
gency medical services information, store the emergency
medical services information in the database, and display the
emergency medical services information on the display
device according to an information template.

[0033] The system of any of paragraphs [0007] through
[0032], wherein the clinical device is a defibrillator.

[0034] The system of any of paragraphs [0007] through
[0033], wherein processor is further configured to display on
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the display device a differential diagnosis indication based on
the emergency medical services information.

[0035] The system of any of paragraphs [0007] through
[0034], wherein the information template is stored in the
database.

[0036] The system of any of paragraphs [0007] through
[0035], wherein the processor is configured to display at least
some of the clinical data and at least some of the non-clinical
data simultaneously on the display device.

[0037] The system of any of paragraphs [0007] through
[0036], wherein the non-clinical device is a navigation device
configured to make available navigation information, and
wherein the non-clinical data is the navigation information.
[0038] The system of any of paragraphs [0007] through
[0037], wherein the non-clinical device is a patient charting
device configured to make available patient charting informa-
tion, and wherein the non-clinical data is the patient charting
information.

[0039] The system of any of paragraphs [0007] through
[0038] further comprising an emergency services vehicle,
wherein the display device is mounted in the emergency
services vehicle.

[0040] The system of any of paragraphs [0007] through
[0039], wherein the emergency services vehicle is an ambu-
lance, and wherein the display device is mounted in a back
section of the ambulance.

[0041] The system of any of paragraphs [0007] through
[0040], further comprising: an enterprise server communica-
bly coupled to the processor, the enterprise server configured
to receive the emergency medical services information from
the processor and send the emergency medical services infor-
mation to an enterprise environment via a web browser inter-
face.

[0042] The system of any of paragraphs [0007] through
[0041], wherein the web browser interface is substantially
similar to an interface displayed on the display device.
[0043] The system of any of paragraphs [0007] through
[0042], wherein the database is a mobile database, the system
further comprising an enterprise database on a storage
medium, wherein the enterprise server is further configured to
store at least a portion of the emergency medical services
information in the enterprise database.

[0044] While multiple embodiments are disclosed, still
other embodiments of the present invention will become
apparent to those skilled in the art from the following detailed
description, which shows and describes illustrative embodi-
ments of the invention. Accordingly, the drawings and
detailed description are to be regarded as illustrative in nature
and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] FIG.1illustrates a system for mobile and enterprise
user real-time display of medical information collected from
multiple different EMS devices, according to embodiments
of the present invention.

[0046] FIG. 2 illustrates one example of a menu template
for the display of a “back of ambulance” (“BOA”) device,
according to embodiments of the present invention.

[0047] FIG. 3 illustrates a display and graphical user inter-
face displayed when the user selects the navigation button of
the menu template, according to embodiments of the present
invention.
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[0048] FIG. 4 illustrates a display and graphical user inter-
face displayed when the user selects the patient monitoring
button of the menu template, according to embodiments of
the present invention.

[0049] FIG. 5 illustrates a display and graphical user inter-
face displayed when the user selects the patient charting
button of the menu template, according to embodiments of
the present invention.

[0050] FIG. 6 illustrates a display and graphical user inter-
face displayed when the user selects the “patch notes™ button
of the menu template, according to embodiments of the
present invention.

[0051] FIG. 7 illustrates a display and graphical user inter-
face displayed when the user selects the protocols button of
the menu template, according to embodiments of the present
invention.

[0052] FIG. 8illustrates an enterprise display and graphical
user interface shown when the enterprise user selects the
patient monitoring button, according to embodiments of the
present invention.

[0053] FIG. 9illustrates an enterprise display and graphical
user interface shown when the enterprise user selects the
navigation button, according to embodiments of the present
invention.

[0054] FIG. 10 illustrates an enterprise display and graphi-
cal user interface shown when the enterprise user selects the
patient charting button, according to embodiments of the
present invention.

[0055] FIG. 11 illustrates a treatment domain system over-
view for real-time display of medical information collected
from multiple different EMS devices, according to embodi-
ments of the present invention.

[0056] FIG. 12 illustrates a device adapter/communication
engine and medical device interface, according to embodi-
ments of the present invention.

[0057] FIG. 13 illustrates an exemplary pipe, according to
embodiments of the present invention.

[0058] FIG. 14 illustrates a method performed by a pipe of
the device adapter that uses discovery supporting transport,
according to embodiments of the present invention.

[0059] FIG. 15 illustrates a method performed by a pipe of
the device adapter that uses non-discovery supporting trans-
port, according to embodiments of the present invention.
[0060] FIG. 16 illustrates a method performed by a BOA
module, according to embodiments of the present invention.
[0061] FIG. 17 illustrates a method performed by a BOA
module, according to embodiments of the present invention.
[0062] FIG. 18 illustrates an exemplary computer system,
according to embodiments of the present invention.

[0063] FIG. 19 illustrates a system for mobile and enter-
prise user real-time display of medical information collected
from multiple different EMS devices, according to embodi-
ments of the present invention.

[0064] FIG. 20illustrates a carrier board design for an EMS
communication interface device, according to embodiments
of the present invention.

[0065] FIG. 21 illustrates a system overview for an EMS
communication interface device, according to embodiments
of the present invention.

[0066] FIG. 22 illustrates another system overview for an
EMS communication interface device, according to embodi-
ments of the present invention.
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[0067] FIG. 23 illustrates a software logic diagram for an
EMS communication interface device, according to embodi-
ments of the present invention.

[0068] FIG. 24 illustrates a conventional mesh network.
[0069] FIG. 25 illustrates an indoor geolocation system.
[0070] FIG. 26 illustrates an example explanation of differ-

ential diagnosis of acute dyspnea in adults.

[0071] FIG. 27 illustrates an example explanation of clues
to differential diagnosis of dyspnea.

[0072] FIG. 28 illustrates an example listing of physical
exam findings in the diagnosis of acute dyspnea.

[0073] FIG. 29 shows an example treatment protocol for
asthma, COPD, and acute decompensated heart failure.
[0074] FIG. 30 illustrates a data transmission interface,
according to embodiments of the present invention.

[0075] FIG. 31 illustrates an EMS communication inter-
face transmission processing block diagram, according to
embodiments of the present invention.

[0076] FIG. 32 illustrates a EMS communications interface
device client architecture, according to embodiments of the
present invention.

[0077] FIG. 33 illustrates an enterprise display and graphi-
cal user interface shown when the enterprise user selects the
patient monitoring button, according to embodiments of the
present invention.

[0078] FIG. 34 illustrates an enterprise display and graphi-
cal user interface shown when the enterprise user selects the
patient charting button, according to embodiments of the
present invention.

[0079] FIG. 35 illustrates an enterprise display and graphi-
cal user interface shown when the enterprise user selects the
navigation button, according to embodiments of the present
invention.

[0080] FIG. 36 illustrates an alternative enterprise display
and graphical user interface shown when the enterprise user
selects the navigation button, according to embodiments of
the present invention.

[0081] FIG. 37 illustrates an enterprise display and graphi-
cal user interface shown when the enterprise user selects the
patch notes button, according to embodiments of the present
invention.

[0082] FIG.38illustrates a display and graphical user inter-
face displayed when the user selects the patient charting
button of a BOA menu template, according to embodiments
of the present invention.

[0083] FIG.39illustrates a display and graphical user inter-
face displayed when the user selects the patient monitoring
button of a BOA menu template, according to embodiments
of the present invention.

[0084] FIG.40illustrates a display and graphical user intet-
face displayed when the user selects the navigation button of
a BOA menu template, according to embodiments of the
present invention.

[0085] FIG. 41 illustrates an alternative display and graphi-
cal user interface displayed when the user selects the naviga-
tion button of a BOA menu template, according to embodi-
ments of the present invention.

[0086] FIG.42illustrates a display and graphical user inter-
face displayed when the user selects the shift start button of'a
BOA menu template, according to embodiments of the
present invention.

[0087] FIG. 43 illustrates an alternative display and graphi-
cal user interface displayed when the user selects the naviga-
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tion button of a BOA menu template, according to embodi-
ments of the present invention.

[0088] FIG. 44 illustrates a display and graphical user inter-
face displayed when the user selects the patch notes button of
a BOA menu template, according to embodiments of the
present invention.

[0089] FIG. 45 illustrates a display and graphical user inter-
face displayed when the user selects a live patient data button
of a BOA menu template, according to embodiments of the
present invention.

[0090] FIG. 46 illustrates a start screen for a role-based
EMS technician mobile device in communication with a
BOA device, according to embodiments of the present inven-
tion.

[0091] FIG. 47 illustrates a role selection screen for a role-
based EMS technician mobile device in communication with
a BOA device, according to embodiments of the present
invention.

[0092] FIG. 48 illustrates a lead medic quick log screen for
a role-based EMS technician mobile device in communica-
tion with a BOA device, according to embodiments of the
present invention.

[0093] FIG. 49 illustrates a lead medic ECG graph screen
for a role-based EMS technician mobile device in communi-
cation with a BOA device, according to embodiments of the
present invention.

[0094] FIG. 50 illustrates a lead medic patient data screen
for a role-based EMS technician mobile device in communi-
cation with a BOA device, according to embodiments of the
present invention.

[0095] FIG. 51 illustrates a lead medic chief complaint
screen for a role-based EMS technician mobile device in
communication with a BOA device, according to embodi-
ments of the present invention.

[0096] FIG. 52 illustrates a drug medic quick log screen for
a role-based EMS technician mobile device in communica-
tion with a BOA device, according to embodiments of the
present invention.

[0097] FIG. 53 illustrates a drug medic ECG graph screen
for a role-based EMS technician mobile device in communi-
cation with a BOA device, according to embodiments of the
present invention.

[0098] FIG. 54 illustrates a role selection screen for a role-
based EMS technician mobile device in communication with
a BOA device, according to embodiments of the present
invention.

[0099] FIG. 55 illustrates an airway medic ECG graph
screen for a role-based EMS technician mobile device in
communication with a BOA device, according to embodi-
ments of the present invention.

[0100] FIG. 56 illustrates an airway medic quick log screen
for a role-based EMS technician mobile device in communi-
cation with a BOA device, according to embodiments of the
present invention.

[0101] FIG. 57 illustrates a CPR medic quick log screen for
a role-based EMS technician mobile device in communica-
tion with a BOA device, according to embodiments of the
present invention.

[0102] FIG. 58 illustrates a CPR medic ECG graph screen
during idle for a role-based EMS technician mobile device in
communication with a BOA device, according to embodi-
ments of the present invention.

[0103] FIG. 59 illustrates a CPR medic ECG graph screen
during administration of compressions for a role-based EMS
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technician mobile device in communication with a BOA
device, according to embodiments of the present invention.
[0104] FIG. 60 illustrates a CPR medic ECG graph screen
during administration of compressions for a role-based EMS
technician mobile device in communication with a BOA
device, according to embodiments of the present invention.
[0105] FIG. 61 illustrates a CPR medic ECG graph screen
during administration of compressions for a role-based EMS
technician mobile device in communication with a BOA
device, according to embodiments of the present invention.
[0106] FIG. 62illustrates a system for role-based data feeds
from a BOA device to EMS technician mobile devices,
according to embodiments of the present invention.

[0107] While the invention is amenable to various modifi-
cations and alternative forms, specific embodiments have
been shown by way of example in the drawings and are
described in detail below. The intention, however, is not to
limit the invention to the particular embodiments described.
On the contrary, the invention is intended to cover all modi-
fications, equivalents, and alternatives falling within the
scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION

[0108] As illustrated in FIG. 1, a system 100 according to
embodiments of the present invention performs advanced
data management, integration and presentation of EMS data
from multiple different devices. System 100 includes a
mobile environment 101, an enterprise environment 102, and
an administration environment 103. Devices within the vari-
ous environments 101, 102, 103 may be communicably
coupled via a network 120, such as, for example, the Internet.
[0109] As wused herein, the phrase “communicably
coupled” is used in its broadest sense to refer to any coupling
whereby information may be passed. Thus, for example,
communicably coupled includes electrically coupled by, for
example, a wire; optically coupled by, for example, an optical
cable; and/or wirelessly coupled by, for example, a radio
frequency or other transmission media. “Communicably
coupled” also includes, for example, indirect coupling, such
as through a network, or direct coupling.

[0110] The network 120 may also take the form of an ad
hoc, self-configuring, self-healing network 2400 such as a
MESH network, as illustrated in FIG. 24, according to
embodiments of the present invention. FIG. 24, as well as the
following information about MESH networks in paragraphs
[00109] to [00117]. is taken directly from Poor, Robert;
WIRELESS MESH NETWORKS; Sensors (Feb. 1, 2003),
available at http://www.sensorsmag.com/networking-com-
munications/standards-protocols/wireless-mesh-networks-
968, which is incorporated herein by reference. Wireless sys-
tems for industry conventionally use cellular phone-style
radio links, using point-to-point or point-to-multipoint trans-
mission. But research at MIT’s Media Lab in Cambridge,
Mass., indicated that traditional wireless formats have limi-
tations in industrial applications. These include rigid struc-
ture, meticulous planning requirements, and dropped signals.
This can pose an acute challenge in an EMS or mass casualty
environment in which existing infrastructure may be either
sparse (e.g. a rural environment) or dysfunctional (e.g. a mass
casualty or disaster situation).

[0111] In contrast, wireless mesh networks 2400 are mul-
tihop systems in which devices assist each other in transmit-
ting packets through the network, especially in adverse con-
ditions. Such ad hoc networks may be implemented with
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minimal preparation, and they provide a reliable, flexible
system that can be extended to thousands of devices. accord-
ing to embodiments of the present invention.

[0112] The wireless mesh network topology developed at
MIT for industrial control and sensing is a point-to-point-to-
point, or peer-to-peer, system called an ad hoc, multihop
network. A node can send and receive messages, and in a
mesh network, a node also functions as a router and can relay
messages for its neighbors. Through the relaying process, a
packet of wireless data will find its way to its destination,
passing through intermediate nodes with reliable communi-
cation links, as illustrated in FIG. 24.

[0113] In a wireless mesh network 2400, multiple nodes
cooperate to relay a message to its destination. The mesh
topology enhances the overall reliability of the network,
which is particularly important when operating in harsh
industrial environments. Like the Internet and other peer-to-
peer router-based networks, a mesh network offers multiple
redundant communications paths throughout the network. If
one link fails for any reason (including the introduction of
strong RF interference), the network automatically routes
messages through alternate paths. In a mesh network 2400,
the distance between nodes can be shortened, which dramati-
cally increases the link quality. Reducing the distance by a
factor of two, the resulting signal is at least four times more
powerful at the receiver. This makes links more reliable with-
out increasing transmitter power in individual nodes. The
reach of a mesh network may be extended, redundancy added,
and general reliability improved simply by adding more
notes.

[0114] Network 2400 may be a self-configuring and self-
healing network, according to embodiments of the present
invention. According to embodiments of the present inven-
tion, a network 2400 does not require a system administrator
to tell it how to get a message to its destination. A mesh
network 2400 is self-organizing and does not require manual
configuration. Because of this, adding new gear or relocating
existing gear is as simple as plugging it in and turning it on,
according to embodiments of the present invention. The net-
work discovers the new node and automatically incorporates
it into the existing system, according to embodiments of the
present invention.

[0115] A meshnetwork 2400 is not only inherently reliable,
it is also highly adaptable, according to embodiments of the
present invention. For example, if a tank-level sensor and data
logger are placed too far apart for a robust RF communica-
tions link, one or more repeater nodes may be added to fill the
gaps in the network 2400.

[0116] On the Internet, if one router goes down, messages
are sent through an alternate path by other routers. Similarly,
if a device or its link in a mesh network fails, messages are
sent around it via other devices. Loss of one or more nodes
does not necessarily affect the network’s operation. A mesh
network is self-healing because human intervention is not
necessary for re-routing of messages. Such networks 2400
provide redundancy and scalability, according to embodi-
ments of the present invention.

[0117] In a mesh network, the degree of redundancy is
essentially a function of node density. A network can be
deliberately over-designed for reliability simply by adding
extra nodes, so each device has two or more paths for sending
data. This is a simpler way of obtaining redundancy than is
possible in most other types of systems. A mesh network is
also scalable and can handle hundreds or thousands of nodes.
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Because the operation of network 2400 does not depend on a
central control point, adding multiple data collection points or
gateways may be convenient.

[0118] Reliability, adaptability, and scalability are notable
attributes of a wireless network for industrial control and
sensing applications, according to embodiments of the
present invention. Point-to-point networks provide reliability,
but they are often challenging to scale to handle more than one
pair of end points. Point-to-multipoint networks can handle
more end points, but their reliability may depend on place-
ment of the access point and end points. Mesh networks are
inherently reliable, adapt easily to environmental or architec-
tural constraints, and can scale to handle thousands of end
points.

[0119] According to embodiments of the present invention,
the mobile environment 101 is an ambulance or other EMS
vehicle—for example a vehicular mobile environment
(VME). The mobile environment may also be the local net-
work of data entry devices as well as diagnostic and thera-
peutic devices established at time of treatment of a patient or
patients in the field environment—the “At Scene Patient
Mobile Environment” (ASPME). The mobile environment
may also be a combination of one or more of VMFEs and/or
ASPMEs. The mobile environment may include a navigation
device 110 used by the driver 112 to track the mobile envi-
ronment’s position 101, locate the mobile environment 101
and/or the emergency location, and locate the transport des-
tination, according to embodiments of the present invention.
The navigation device 110 may include a Global Positioning
System (“GPS”), for example. The navigation device 110
may also be configured to perform calculations about vehicle
speed, the travel time between locations, and estimated times
of arrival. According to embodiments of the present inven-
tion, the navigation device 110 is located at the front of the
ambulance to assist the driver 112 in navigating the vehicle.
The navigation device 110 may be, for example, a Res-
cueNet® Navigator onboard electronic data communication
system available from Zoll Data Systems of Broomfield,
Colo.

[0120] FIG. 25, as well as the following information about
geolocation in paragraphs [00119] through [00120], is taken
directly from K. Pahlavan, et al., “An Overview of Wireless
Indoor Geolocation,” Mobile and Wireless Communications
Networks IFIP-TCé/European Commission NETWORK-
ING 2000 International Workshop, MWCN 2000 Paris,
France, May 16-17, 2000, which is incorporated herein by
reference. More generally, the mobile environment may
include a geolocation sensor in one or more of the devices in
the VME or ASPME. The geolocation sensor may be of a
common type such as, for example, a Global Positioning
System (GPS). GPS, though, may be subject to certain limi-
tations: 1) line of sight to more than one GPS satellite, which
may limit its performance in indoor environments; 2) in some
urban environments, location accuracy is reduced due to sig-
nal reflections off of buildings; and 3) normal accuracy may
be insufficient in the case of a mass casualty in which accu-
racies of better than +/-5 feet may be required when there are
multiple casualties and the locations of each victim needs to
be integrated into a software mapping environment, accord-
ing to embodiments of the present invention.

[0121] Therefore, additional locator base stations may be
deployed on-scene outdoors, or within buildings, that may
augment or replace the conventional GPS-based geolocator
systems, according to embodiments of the present invention.
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Similar to the cellular geolocation system, the architecture of
indoor geolocation systems may fall within one of two main
categories: mobile-based architecture and network-based
architecture. Most conventional indoor geolocation applica-
tions have been focused on network-based system architec-
ture as shown in FIG. 25. The geolocation base stations
(GBS) extract location metrics from the radio signals trans-
mitted by the mobile station and relay the information to a
geolocation control station (GCS). The connection between
GBS and GCS can be either wired or wireless, according to
embodiments of the present invention. Then the position of
the mobile station may be estimated, in an indoor environ-
ment. As a result, dedicated indoor geolocation systems pro-
vide accurate indoor geolocation services. This may be
applied as well to a mobile environment such as a battlefield
or other mass casualty situation in which base stations with
better known accuracy based on landmarks or more sophis-
ticated GPS systems such as differential GPS (DGPS) can be
deployed to provide highly accurate and complete informa-
tion about the patient status integrated into the navigation
software or other mapping software, such as, for example,
Google maps.

[0122] Asillustrated in FIG. 1, a patient monitoring device
106 and a patient charting device 108 are also often used for
patient care in the mobile environment 101, according to
embodiments of the present invention. The EMS technician
114 attaches the patient monitoring device 106 to the patient
116 to monitor the patient 116. The patient monitoring device
106 may be, for example, a defibrillator device with elec-
trodes and/or sensors configured for attachment to the patient
116 to monitor heart rate and/or to generate electrocardio-
graphs (“ECG’s”), according to embodiments of the present
invention. The patient monitoring device 106 may also
include sensors to detect or a processor to derive or calculate
other patient conditions. For example, the patient monitoring
device 106 may monitor, detect, treat and/or derive or calcu-
late blood pressure, temperature, respiration rate, blood oxy-
gen level, end-tidal carbon dioxide level, pulmonary function,
blood glucose level, and/or weight, according to embodi-
ments of the present invention. The patient monitoring device
106 may be a Zoll E-Series® defibrillator available from Zoll
Medical Corporation of Chelmsford, Mass., according to
embodiments of the present invention. A patient monitoring
device may also be a patient treatment device, or another kind
of device that includes patient monitoring and/or patient treat-
ment capabilities, according to embodiments of the present
invention.

[0123] The patient charting device 108 is a device used by
the EMS technician 114 to generate records and/or notes
about the patient’s 116 condition and/or treatments applied to
the patient, according to embodiments of the present inven-
tion. For example, the patient charting device 108 may be
used to note a dosage of medicine given to the patient 116 at
a particular time. The patient charting device 108 and/or
patient monitoring device 106 may have a clock, which may
be synchronized with an external time source such as a net-
work or a satellite to prevent the EMS technician from having
to manually enter a time of treatment or observation (or
having to attempt to estimate the time of treatment for chart-
ing purposes long after the treatment was administered),
according to embodiments of the present invention. The
patient charting device 108 may also be used to record bio-
graphic and/or demographic and/or historical information
about a patient, for example the patient’s name, identification
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number, height, weight, and/or medical history, according to
embodiments of the present invention. According to embodi-
ments of the present invention, the patient charting device 108
is a tablet PC, such as for example the TabletPCR component
of the RescueNet® ePCR Suite available from Zoll Data
Systems of Broomfield, Colo. According to some embodi-
ments of the present invention, the patient charting device 108
is a wristband or smart-phone such as an Apple iPhone oriPad
with interactive data entry interface such as a touch screen or
voice recognition data entry that may be communicably con-
nected to the BOA device 104 and tapped to indicate what was
done with the patient 116 and when it was done.

[0124] The navigation device 110, the charting device 108,
and the monitoring device 106 are each separately very useful
to the EMS drivers 112 and technicians 114 before, during,
and after the patient transport. A “back of ambulance”
(“BOA”) device 104 receives, organizes, stores, and displays
data from each device 108, 110, 112 to further enhance the
usefulness of each device 108, 110, 112 and to make it much
easier for the EMS technician 114 to perform certain tasks
that would normally require the EMS technician 114 to divert
visual and manual attention to each device 108, 110, 112
separately, according to embodiments of the present inven-
tion. In other words, the BOA device centralizes and orga-
nizes information that would normally be de-centralized and
disorganized, according to embodiments of the present inven-
tion.

[0125] Although device 104 is referred to herein as a “back
of ambulance” device because the EMS technician 114 would
normally benefit the most from having such a display device
mounted in the back 152 of an ambulance, one of ordinary
skill in the art, based on the disclosure provided herein, will
recognize that some or all of the BOA device 104 may be
located in any part of a mobile environment 101, EMS
vehicle, and/or anywhere else useful to an EMS technician
114. For example, the BOA device 104 may be located in the
front 150 of an ambulance, and/or may include components
that are portable and can be carried into a patient residence,
according to embodiments of the present invention.

[0126] The BOA device 104 is communicably coupled to
the patient monitoring device 106, the patient charting device
108, and the navigation device 110, according to embodi-
ments of the present invention. The BOA device 104 is also
communicably coupled to a storage medium 118. The BOA
device 104 may be a touch-screen, flat panel PC, and the
storage medium 118 may be located within or external to the
BOA device 104, according to embodiments of the present
invention. The BOA device 104 may include a display tem-
plate serving as a graphical user interface, which permits the
user (e.g. EMS tech 114) to select different subsets and/or
display modes of the information gathered from and/or sent to
devices 106, 108, 110, according to embodiments of the
present invention.

[0127] FIG. 2 illustrates one example of a menu template
200 for the display of BOA device 104, according to embodi-
ments of the present invention. The menu template 200
includes a navigation button 202, a patient monitoring device
button 204, a patient charting device button 206, a “patch
notes” button 208, and a protocols button 210, according to
embodiments of the present invention. Pressing one of the
buttons takes the user (e.g. EMS tech 114) to a particular page
displaying all or a subset of information from devices 106,
108, 110. FIGS. 3-7 illustrate examples of particular infor-
mation templates according to which information from the
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one or more EMS devices 106,108, 110 is displayed, accord-
ing to embodiments of the present invention. Based on the
disclosure provided herein, one of ordinary skill in the art will
recognize various other information templates according to
which such information may be displayed.

[0128] FIG. 3 illustrates a graphical user interface dis-
played when the user selects the navigation button 202,
according to embodiments of the present invention. One part
ofthe display includes a status section 302 and another part of
the display includes a map section 304, according to embodi-
ments of the present invention. The status section 302
includes one or more fields identifying information about the
EMS vehicle trip, according to embodiments of the present
invention. For example, the fields of the status section 302
may include one or more of a Unit field 306 identifying the
name of the EMS vehicle for which information is displayed,
aCrew unit 308 identifying one or more crew members of the
EMS vehicle, a Status unit 310 identifying the status of the
trip (e.g. “transporting” or “en route to patient™), an ETA field
312 identifying an estimated time of arrival at the destination,
a Destination field 314 identifying the destination of the EMS
vehicle (e.g. the hospital), and a Patch Info field 316 identi-
fying a phone number or other information for contacting the
EMS vehicle destination (e.g. the hospital), according to
embodiments of the present invention.

[0129] Themap section 304 may display street information
along with the origin, destination, route identification, and/or
progress information, according to embodiments of the
present invention. The navigation device 110 may also supply
vehicle status information for display, which may also be
useful when a transport has not yet begun. A user may select
a Cycle Feeds button 318 in order to continuously transition
the display between one or more of the various displays of
FIGS. 3-7, according to embodiments of the present inven-
tion. The information illustrated in FIG. 3 would normally be
available only to the driver 112 in the front of the ambulance
101, but because BOA device 104 is communicably coupled
to the navigation device 110, the BOA device 104 can display
all or a selected subset of the information available to the
navigation device 110.

[0130] FIG. 4 illustrates a graphical user interface dis-
played when the user selects the patient monitoring button
204 of the menu template, according to embodiments of the
present invention. FI1G. 4 displays information received by the
BOA device 104 from a patient monitoring device 106 that is
a Zoll E-Series® defibrillator. The display includes a vertical
vital signs section 402, a horizontal vital signs summary
section 404, a graphical section 406, and interpretation sec-
tion 414, according to embodiments of the present invention.
The vertical vital signs section 402 includes one or more
fields indicating a condition of the patient 116 to which the
device 106 is attached. For example, the vital signs section
402 includes a heart rate field, a respiration rate field, a blood
pressure field, a blood oxygen level field, and an end-tidal
carbon dioxide level field. Each field may include a visual
indication of a further subset of information. For example, the
heart rate field may include a numerical indication 408 of the
heart rate, a time indication 410 reflecting the time that the
measurement was taken or derived, and a historical graph 412
indicating generally how the heart rate has increased or
decreased since the first measurement or a predetermined
time, according to embodiments of the present invention.
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Other fields may include similar indicators, according to
embodiments of the present invention. Vital sign trending
may also be displayed.

[0131] A horizontal vital signs summary section 404 indi-
cates, for example, the numerical values represented simul-
taneously in the vertical vital signs section 402, according to
embodiments of the present invention. The graphical section
406 includes a visual representation of an electrocardiograph,
such as that acquired from a twelve-lead sensor placement on
the patient 116, according to embodiments of the present
invention. Just above the ECG is an indication of when the
ECG was acquired. As new vital signs information and/or
new ECG information becomes available, the display of FIG.
41is automatically refreshed to show the most recent data from
the patient monitoring device 106, according to embodiments
of the present invention. The interpretation section 414
includes automatically-generated information from the
device 106, for example, indicating potential causes of the
symptoms observed by the device 106, according to embodi-
ments of the present invention.

[0132] FIG. 5 illustrates a graphical user interface dis-
played when the user selects the patient charting button 206 of
the menu template, according to embodiments of the present
invention. The display of FIG. 5 includes a biographical sum-
mary 502, an interventions section 504, and a vital signs
section 506, according to embodiments of the present inven-
tion. The biographical summary 502 may display the patient’s
name, age, and gender as recorded by the EMS technician 114
with the patient charting device 108, according to embodi-
ments of the present invention. The interventions section 504
displays the patient 116 interventions (e.g. treatments admin-
istered) recorded with the patient charting device 108,
according to embodiments of the present invention. For
example, the interventions section 504 includes a listing of
each intervention made, the time of the intervention, a
description of the intervention (e.g. name of the drug admin-
istered), and the name of the person administering the treat-
ment, according to embodiments of the present invention.
[0133] The vital signs section 506 includes a historical
listing of certain vital signs data observed by the EMS tech-
nician 114 and recorded in the patient charting device 108,
and stored in the patient charting device 108 and/or the data-
base 118, according to embodiments of the present invention.
The historical listing of vital signs data in the vital signs
section 506 includes a time stamp, heart rate, blood pressure,
respiration rate, blood oxygen level, end-tidal carbon dioxide
level, blood glucose level, Glasgow Coma Scale rating
(“GCS”), and the name of the technician or device that
observed or recorded the vital sign, according to embodi-
ments of the present invention.

[0134] FIG. 6 illustrates a graphical user interface dis-
played when the user selects the “patch notes™ button 208 of
the menu template, according to embodiments of the present
invention. Patch notes are notes used by an EMS technician
114 to place a call to a hospital or other treatment facility to
confirm that the hospital will accept the patient 116 and/or to
provide information about the patient 116 to help the hospital
or treatment facility prepare for admission. Because time is
typically of the essence for such phone calls (because placing
the call can temporarily divert the EMS technician’s 114
attention away from patient 116 care), the EMS technician
typically consults and interacts with several different devices
106, 108, 110 and/or informal data sources to compile alist of
notes to convey to the nurse or other responsible party at the
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hospital or treatment facility. Such patch notes often take
considerable time to assemble, and are often hastily written
on a glove, for example, which also results in inaccuracy and
in some of the patch notes representing old information by the
time the call is placed and the information conveyed to the
hospital.

[0135] The BOA device 104, on the other hand, automati-
cally creates a display of several different fields that would
typically comprise patch notes, according to embodiments of
the present invention. The display of FIG. 6 includes fields
representing information from multiple different devices,
such as, for example, devices 106, 108, 110. The patch notes
display may organize the information into a predefined tem-
plate, and/or may organize the information into a customized
template associated with a particular EMS technician 114,
according to embodiments of the present invention. Not only
does the BOA device 104 automatically receive and display
information from multiple different devices 106, 108, 110 in
asingle display summarized to function as patch notes, but it
also automatically refreshes the display to reflect the most
recent information, thus permitting real-time conveyance of
patient information, according to embodiments of the present
invention.

[0136] For example, without the BOA device 104, if a
patient’s heart rate rose from 75 to 115 over the course of three
minutes, and if an EMS technician 114 wrote “HR 75” on his
glove before consulting his patient chart for name and back-
ground information and the driver 112 for location informa-
tion before calling the hospital three minutes later, the EMS
technician 114 might report a heart rate of 75 to the hospital.
With the BOA device 104, however, the patch notes are gen-
erated automatically and displayed as in FIG. 6, and the Defib
Vitals section would list the current heart rate of 115 when the
EMS technician 114 conveyed the patient status to the hos-
pital.

[0137] In addition to one or more of a Hospital field 602
identifying the name and phone number of the hospital to
which the patient 116 is en route and an age field 604 identi-
fying the patient’s age, the display of FIG. 6 may also include
one ormore of a History Present Illness field, an Interventions
field, a Unit identification field (e.g. identifying the particular
EMS vehicle), a Gender field, a Past Medical History Field, a
patient charting device vital signs field, an Expected Time of
Arrival field, a Chief Complaint field, an Assessments field,
and a patient monitoring device vital signs field, according to
embodiments of the present invention.

[0138] Each of the fields may be configured to display
either past or current or derived content from one or more of
the EMS devices (e.g. devices 106, 108, 110) which are
communicably coupled with the BOA device 104, according
to embodiments of the present invention. For example, the
Hospital, Unit, and ETA fields may be based on information
received from the navigation unit 110. The Age, Gender,
Chief Complaint, History Present Illness, Past Medical His-
tory, and Interventions fields may be based on information
received from the patient charting unit 108. The patient chart-
ing device vital signs field may be based on information
received from the patient charting unit 108 (e.g. GCS score),
and the patient monitoring device vital signs field may be
based on information received from the patient monitoring
device 106 (e.g. ECQG), according to embodiments of the
present invention. According to embodiments of the present
invention, a BOA device 104 may be located in the front of the
ambulance to permit the driver 112 or another EMS techni-
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cian to place the call to the hospital based on the real-time
patch notes, thereby providing the attending EMS technician
114 more time and attention for direct patient care.

[0139] According to embodiments of the present invention,
the BOA device 104 receives information from at least one
patient monitoring EMS device and at least one non-patient
monitoring EMS device. The patch notes screen of FIG. 6
illustrates one example of EMS information (e.g. information
related to an emergency medical encounter or transport) from
at least one patient monitoring device and at least one other
device that does not directly monitor a patient (e.g. a naviga-
tion device and/or a patient charting device) on the same
display, according to embodiments of the present invention.
Similarly, in another embodiment of the present invention,
the BOA device 104 receives information from at least one
patient clinical device and at least one non-clinical device,
and analyzes, combines, stores, displays, and/or transmits the
clinical and non-clinical information in a format useful to the
user. As used herein, the term “clinical” is used in its broadest
sense to refer to that which is directly implicated in monitor-
ing or treatment or diagnosis of a patient. As used herein, the
term “non-clinical” is used in its broadest sense to refer to that
which is not directly implicated in monitoring or treatment or
diagnosis of a patient. For example, a defibrillator is a clinical
device, and a navigation device is a non-clinical device. As
another example, a patient’s ECG information or heart rate is
clinical information, while a patient’s address is non-clinical
information.

[0140] FIG. 7 illustrates a graphical user interface dis-
played when the user selects the protocols button 210 of the
menu template, according to embodiments of the present
invention. The display of FIG. 7 includes an interactive guide-
lines manual for the particular locale where the medical emer-
gency occurred, where the treatment occurs, and/or where the
patient is delivered, according to embodiments of the present
invention. Alternatively, the protocols button 210 may link to
a manual or guideline document for the use of a particular
device and/or the administration of a particular technique
and/or information about a drug. For example, the display of
FIG. 7 may include an interactive page listing of chapters in a
county’s protocol index, which may be a locally-stored pro-
tocol index and/or a protocol index accessed through an Inter-
net connection. Clicking on one or more of the chapters or
links opens a page containing more detail about the particular
chapter or subject selected, for example.

[0141] Based on the disclosure provided herein, one of
ordinary skill in the art will appreciate that the BOA device
104 may be configured to display additional or different sub-
sets of information from one or more EMS devices and/or
external data sources. According to embodiments of the
present invention, the BOA device 104 not only seamlessly
integrates information from a patient monitoring device 106,
a patient charting device 108, and a navigation device 110 for
display in mobile environment 101, but it also does so for
display in a remote environment such as, for example, enter-
prise environment 102. Enterprise environment 102 may be a
hospital and/or dispatch environment, for example.

[0142] Data from the BOA device 104 (and therefore data
from the devices 106, 108, 110 communicably coupled with
the BOA device 104) may be received by one or more enter-
prise storage servers 126 in an administration environment
103 and stored in an enterprise database 130, and the same
information may be accessed and provided by one or more
enterprise application servers 128 to a workstation 122 of an
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enterprise user 124, according to embodiments of the present
invention. According to embodiments of the present inven-
tion, the BOA device 104 is communicably coupled to the
storage server 126 which is communicably coupled to the
database 130, and the application server 128 is communica-
bly coupled to the database and to the enterprise workstation
122. Such devices may be communicably coupled via a net-
work 120 such as, for example, the Internet.

[0143] When the BOA device 104 receives updated infor-
mation from one or more of the devices (e.g. devices 106, 108,
110) to which it is communicably coupled, the BOA device
104 sends the updated information to the enterprise storage
server 126, which stores the updated information in a data-
base which may be contained on a storage medium 130,
according to embodiments of the present invention. Hence,
information from one or more devices (e.g. devices 106, 108,
110) may be stored in mobile database 118, remote enterprise
database 130, or both, according to embodiments of the
present invention. An enterprise user 124, who may be an
emergency room nurse monitoring and/or preparing for
ambulance arrivals, an emergency room physician, and/or a
medical director at home, for example, may access informa-
tion similar to information displayed by the BOA device 104
by requesting the information via an enterprise workstation
122. For example, the enterprise workstation 122 accesses a
web interface and/or thin client web browser application
which requests the information over the network 120 from
application server 128. Application server 128 queries the
database 130 for the information, and returns a display to
enterprise workstation 122 that looks the same as or similar to
what the EMS technician 114 is currently seeing on the BOA
device 104 display, according to embodiments of the present
invention.

[0144] FIGS. 8-10 illustrate examples of user interface and
display screens available to the enterprise user 124 via the
enterprise workstation 122, according to embodiments of the
present invention. FIG. 8 illustrates a web browser based
client interface including, in one portion of the display, a list
of available EMS vehicles 802, 804 for which EMS device
data is available, according to embodiments of the present
invention. Clicking on ALS2 804, for example, brings up a
screen similar to FIG. 8 which allows the enterprise user 124
to select one of the buttons, including but not limited to the
patient monitoring button 806, the navigation button 808,
and/or the patient charting button 810. When user 124 clicks
on the patient monitoring button 806, the screen display of
FIG. 8 is presented and includes current information from the
patient monitoring device 106 of ambulance ALS2, according
to embodiments of the present invention. According to
embodiments of the present invention, the patient monitoring
display of FIG. 8 is automatically updated continuously or
semi-continuously; according to other embodiments of the
present invention, the user 124 selects “get updates” or the
browser’s “refresh” button in order to obtain the most current
information available. The enterprise display of FIG. 8 con-
tains information similar to the mobile display of FIG. 4,
according to embodiments of the present invention.

[0145] According to embodiments of the present invention,
the website display in the enterprise environment 102 is
accessed via a generic internet browser by a doctor waiting in
the emergency room for the patient to arrive by ambulance.
The website may be secured by logon username and pass-
word, for example. Each ambulance may be identified by a
vehicle name; the doctor chooses from a list of incoming
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vehicle, after which the data for that patient is displayed. The
data may be shown just as it appears on the mobile screen,
also in “clinical time.” According to embodiments of the
present invention, the enterprise environment 102 website
displays data only for those patients whose destination is the
same as the destination logged on the user’s facility.

[0146] When the user 124 clicks on the navigator button
808, the screen display of FIG. 9 is presented and includes
current information from the navigation device 110 of ambu-
lance ALS2, according to embodiments of the present inven-
tion. The enterprise display of FIG. 9 contains information
similar to the mobile display of FIG. 3, according to embodi-
ments of the present invention.

[0147] When the user 124 clicks on the patient charting
button 810, the screen display of FIG. 10 is presented and
includes current information from the patient charting device
108 of ambulance ALS2. according to embodiments of the
present invention. The enterprise display of FIG. 10 contains
information similar to the mobile display of FIG. 5, according
to embodiments of the present invention.

[0148] Although FIG. 1 depicts a single BOA device 104 in
the mobile environment 101, more than one BOA device 104
may be used in the mobile environment 101 to communicably
connect to the same or a different set of devices 106,108, 110.
And although FIG. 1 depicts one mobile environment 101,
more than one mobile environment 101 and/or more than one
BOA device 104 may be communicably coupled with the
administration environment 103 and/or the enterprise storage
server 126, according to embodiments of the present inven-
tion. According to embodiments of the present invention, the
enterprise storage server 126 receives EMS device informa-
tion from BOA device 104 and stores it in database 130 along
with an authenticated time stamp and an identifier associating
the information with a particular EMS device and/or a par-
ticular EMS vehicle. In this way, data from multiple vehicles
and/or multiple devices may be accessed by the enterprise
user 124,

[0149] Also, theenterprise storage server 130 may securely
store the information received from one or more BOA devices
104 for longer periods of time to permit later use of the
information. For example, the BOA device 104 may receive
patient-identifying information such as name, address, and/or
social security number via the patient charting device 108 or
directly through the BOA device 104, and then may convey
some or all of the patient-identifying information to enter-
prise storage server 126 with a request for the enterprise
storage server 126 to query the database 130 for past records
involving the same patient 116. The enterprise storage server
126 may then forward any such records or portions of such
records back to the BOA device 104 (e.g. for display in the
patient charting screen or the Past Medical History in the
patch notes screen) to assist the EMS technician 114 with the
current emergency. Similarly, such past EMS encounter
record information may also be accessed by the enterprise
user 124, according to embodiments of the present invention.
A system administrator 134 may access and/or monitor the
data in database 130 and/or modify the instructions of the
servers 126, 128 via administration workstation 132, which
may be communicably coupled to the servers 126, 128,
according to embodiments of the present invention.

[0150] According to some embodiments of the present
invention, the BOA device 104 may connect with (e.g. auto-
matically or manually or selectively) a wearable medical
device, such as, for example, a Lifevest® wearable defibril-
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lator, to receive and display patient monitoring information
therefrom. The BOA device 104 may also be configured to
receive patient-identifying information from such a wearable
device, to permit the BOA device 104 to query an external
database, for example across network 120, to retrieve addi-
tional information about the patient. The BOA device 104
may also be configured to connect with an implantable car-
dioverter-defibrillator (“ICD”)ina similar fashion, according
to embodiments of the present invention.
[0151] FIG. 11 illustrates a treatment domain system 1100
overview for real-time display of medical information col-
lected from multiple different EMS devices, according to
embodiments of the present invention. System 1100 includes
a patient monitoring device module 1102 communicably
coupled with mobile domain modules 1126 communicably
coupled with remote or enterprise domain modules 1128
communicably coupled with a thin client display module
1124, according to embodiments of the present invention.
According to embodiments of the present invention, the data-
base 130 may be accessed by multiple hospitals throughout a
region, state, country, and/or the world.
[0152] The mobile domain modules 1126 includes the
device adapter 1104, a mobile asset management nodule
1106 which may access a mobile database 1108, a BOA
module 1110, a patient charting module 1112, a navigation
module 1114, and a network adapter 1116, according to
embodiments of the present invention. The remote/enterprise
modules 1128 include the network adapter 1116, an enter-
prise asset management module 1118 which may access an
enterprise database 1120, and an enterprise application server
module 1122, according to embodiments of the present inven-
tion.
[0153] The patient monitoring device module 1102 oper-
ates the patient monitoring device 106 and generates one or
more data pipes containing information about a patient 116
condition. The device adapter/communication interface mod-
ule 1104 manages data communications between a comput-
ing device and one or more medical devices such as, for
example, between the patient monitoring device module 1102
and the mobile asset management module 1106 and/or BOA
module 1110. The device adapter module 1104 includes one
or more of the following attributes, according to embodi-
ments of the present invention:

[0154] Supports multiple communications transports

(e.g., devices can use Bluetooth, 802.11, Ethernet, Serial
cable).

[0155] Supports multiple data transfer protocols.
[0156] Supports multiple medical device types.
[0157] Supports multiple data storage profiles (e.g., stor-

age to file system, storage by asset management module
1106 to database 1108).

[0158] Allows administrator or user to associate trans-
port, protocol, device and multiple storage profiles
together to represent a communication “pipe” over
which data can be exchanged with medical devices.

[0159] Supports multiple pipes at the same time.

[0160] Allows administrators or users to specify one or
more specific medical devices to which it communicates
in which case the module 1104 will use transport spe-
cific discovery protocols to find and attach to the
devices.

[0161] Allows administrators or users to specify ANY as
a medical device in which case it will use transport
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specific discovery protocols to find and attach to any
compatible medical device found.

[0162] Whena pipeis configured to use a protocol which
does not support discovery (e.g. serial cable), module
1104 will allow the device to initiate the connection and
then allow or deny it based on whether the specific
medical device is selected or not.

[0163] Supports multiple client applications (local or
remote) by allowing them to connect to module 1104
and receive asynchronous notification of data arrival
from medical devices and a means to retrieve the data.

[0164] Maintains a communications ‘pipe’ should the
medical device have a data asset to communicate,
regardless of whether any application is running or ready
to receive the data asset.

[0165] A user may configure the medical device(s) appli-
cations communicate with, and such configuration may
be persistent and easily changed.

[0166] Communications policies may be configurable.
For instance, Bluetooth may require pairing with a
device before communications occur. A user may con-
figure whether the pairing is ‘automatic’ or ‘manual’ or
‘continuously reacquired’, for example.

[0167] Applications may access previously received
data assets via a relatively simple, expressive AP1.

[0168] Applications may be notified of newly received
assets and may filter those notifications based on specific
devices and/or asset type.

[0169] Applications may query the communications
layer for status, available devices, and the like, for cus-
tomizable user interface elements.

[0170] The communications layer may be controllable
from a notification icon which also indicates status.

[0171] Configurable items may be protected from mali-
cious or erroneous alteration by common users through
the use of a privileged ‘admin’ mode and a common user
mode in the notification area icon applet.

[0172] Configuration may be “portable’ and “distribut-
able,” such that one configuration may be created and
copied to each device rather than having to actually
configure each device through a notification applet.

[0173] Particular features or limitations of the commu-
nications ‘pipe’ may be hidden from the application by
default.

[0174] The communications layer may itself be layered
and support multiple plug-in style transport drivers for
managing different communications transports and mul-
tiple plug-in style protocol drivers for handling the
receipt of data assets from different devices and different
asset types. This may allow for the rapid extension of the
communications layer to new transports or to new pro-
tocols as they are developed.

[0175] FIG. 12 illustrates a diagram of the device adapter/
communication module 1104, which includes one or more
pipes 1202, 1204, 1206 each associated with a medical device
1208, 1210, 1212. The communication module 1104 may be
a PELICAN™ communication interface available from Zoll
Data Systems of Broomfield, Colo., according to embodi-
ments of the present invention. According to embodiments of
the present invention, the communication engine 1104 is an
“always on” operating system service which implements the
communications pipes 1202, 1204, 1206 and handles the
incoming data from medical devices 1208,1210, 1212. Com-
munication engine 1104 also includes an API 1216, which is
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a collection of objects and methods exposed by the commu-
nications engine 1104 which can be used by an application to
configure and interact with the engine 1104 for tasks like
getting data assets and configuring the engine 1104, accord-
ing to embodiments of the present invention. For example, the
mobile asset management module 1106 may interact with the
API 1216 to receive medical device data.

[0176] FIG. 13 illustrates a diagram of pipe 1202, accord-
ing to embodiments of the present invention. Pipe 1202
includes one or more storage plug-ins 1302, 1304, 1306 asso-
ciated with one or more storage configurations 1312, 1314,
1316 of the medical device; a medical device plug-in 1308
associated with a medical device configuration 1318 of the
medical device, and a transport plug-in 1310 associated with
a transport configuration 1320 of the medical device, accord-
ing to embodiments of the present invention. As used herein,
a “transport” is an operating system supported underlying
communications medium, for example TCP/IP, Bluetooth,
and Serial. Some transports are packet oriented (e.g. TCP)
while others are stream oriented (e.g. Serial). Some support
discovery, some do not. Some support pairing, some do not.
Each transport may include unique configurations.

[0177] A transport plug-in may be a .NET assembly that is
dynamically loaded by the communications engine 1104 and
which provides data communications support for a specific
transport (e.g. Serial Port, Bluetooth, TCP/IP, and File Sys-
tem). The communications engine 1104 may be configured
for auto-pairing (e.g. for transports that support pairing, the
engine 1104 uses rules specific to the transport to automati-
cally create and maintain pairings with medical devices
depending on configuration and user preference) and/or for
auto-discovery (e.g. for transports that support discovery, the
engine 1104 may be configured to automatically find new
medical devices and enter them into the known device list),
according to embodiments of the present invention.

[0178] A medical device plug-in may be a .NET assembly
that is dynamically loaded by the communications engine
1104 which provides transport independent data communi-
cations services for a particular type of medical device, for
example ZOLL M/E-Series ZOLLModem or ZOLL E-Series
DUN. A storage plug-in may be a .NET assembly that is
dynamically loaded by the communications engine 1104
which provides storage services to the engine.

[0179] As shown in FIG. 13, a pipe may be a combination
of transport, medical device, and storage configurations
which represent a medical device from which the user has
indicated data will be received, and which allows communi-
cations to occur. Pipes may be configured by the user and/or
may be predefined. For example, a pipe may specify Trans-
port Serial Port with configuration (COM1, Baud=9600),
Medical Device E/M Series ZOLLModem (Any Medical
Device) and Storage (Local File System). This configuration
would accept data assets from any device connected to COM1
at 9600 baud and store them to the local file system. As
another example, a pipe may specify Transport Bluetooth
(Baud=115200, Auto-Pair), Medical Device E/M Series
ZollModem (ZOLLO005611), Storage (Local File System)
and Storage (Asset Management). This configuration would
cause Bluetooth to pair to ZOLLO005611, maintain that pair-
ing even when broken and accept any data assets from that
specific device and store them both to the local file system and
submit them to Asset Management (e.g. mobile asset man-
agement module 1106 and/or enterprise asset management
module 1118).
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[0180] As yet another example, a pipe may specify Trans-
port Bluetooth (Baud=115200, Auto-Pair), Medical Device
E/M Series ZOLLModem (Any Device). This configuration
would cause Bluetooth to automatically pair with any medical
device found during periodic discovery and accept any data
assets from any paired device and store them via all loaded
and enabled storage plug-ins. As yet another example, a pipe
may specify Transport TCP/IP (LocallP=192.168.1.20,
Port=7743), Medical Device E/M Series DUN (Any Device),
Storage (Asset Management). This configuration would
cause the engine 1104 to start listening on the specified IP
address and port for DUN traffic and store it via Asset Man-
agement (e.g. by sending it to mobile asset management
module 1106 and/or enterprise asset management module
1118), according to embodiments of the present invention.

[0181] For each “pipe” of device adapter 1104 that uses
Discovery Supporting Transport, the adapter 1104 performs
the method outlined in FIG. 14, and for each pipe of device
adapter 1104 that uses Non-Discovery Supporting Transport,
the adapter 1104 performs the method illustrated in FIG. 15,
according to embodiments of the present invention.

[0182] As described above, the mobile asset management
module 1106 receives medical device data from the device
adapter and communications interface 1104, according to
embodiments of the present invention. The mobile asset man-
agement module 1106 performs the secure storage, retrieval
and management of medical device data together with asyn-
chronous events informing other applications of the storage
or modification of these data assets. The mobile asset man-
agement module 1106 supports local or remote service ori-
ented API to store, retrieve and modify medical device data,
and provides local or remote asynchronous message-based
notification of events to applications which subscribe for
them, according to embodiments of the present invention.
These events may include notification of the arrival of medi-
cal device data.

[0183] The BOA module manages data feeds from multiple
data providers (including but not limited to, the device
adapter 1104, the patient charting module 1112, and the navi-
gation module 1114) and presents these feeds on a touch-
screen flat panel, according to embodiments of the present
invention. The BOA module 1110 also communicates these
aggregated data elements to a back-office module (e.g. the
enterprise asset management module 1118). The patient
charting module 1112 controls the patient charting device 108
and the information sent and received by it, and the navigation
module 1114 controls the navigation device 110 and the infor-
mation sent and received by it, according to embodiments of
the present invention. The BOA module 1110 includes one or
more of the following attributes, according to embodiments
of the present invention:

[0184] Allows the user to configure the device adapter/
communication interface module 1104, including but
not limited to selection of a medical device.

[0185] Allows the user to select a patient charting device
from which it will receive a data feed containing medical
record information as it is entered in patient charting
device.

[0186] Allows the user to select a navigation device from
which it will receive a data feed containing navigational
and dispatch information on a periodic basis.

[0187] Receives notification from the communication
interface module 1104 and/or the mobile asset manage-
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ment module 1106 about the arrival of new medical
device data including but not limited to 12-lead ECG and
vital trend records.

[0188] Receives asynchronous messages from a selected
patient charting device which contain data about the
currently open patient record including but not limited
to: patient demographics, medical history, current
assessments, interventions performed and/or vital signs.

[0189] Receives asynchronous messages from a selected
navigation device which contains data about the current
dispatch state, destination, crew, location, route and/or
map of current position.

[0190] Cyclically presents a graphic display of each of
the received data feeds for viewing in the back of the
ambulance on the flat panel, or elsewhere on another
display device.

[0191] Allows the caregiver or EMS technician 114 to
temporarily freeze the cycling display on a feed for more
careful examination of that particular data in that par-
ticular information template.

[0192] Aggregates the data feeds into a data construct
which is sent periodically to the enterprise asset man-
agement module 1118.

[0193] Presents a customer customizable view of the
aggregated data feed for the purpose of facilitating a
verbal report to the receiving facility (e.g. a report in the
Patch Notes information template displayed on the BOA
device 104).

[0194] Presents the user with the ability to view the
regional EMS protocols for reference.

[0195] FIG. 16 illustrates a logic flow chart 1600 executed
by the BOA module 1110, according to embodiments of the
present invention. The logic flow chart 1600 starts at block
1602. A user selects particular devices or selects a “read
from” configuration to determine which devices’ data will be
read and displayed by the BOA device 104 (block 1604). A
data model is prepared (block 1606), for example the current
state of the system that will be displayed on the BOA device
104 and which may eventually be communicated to the enter-
prise environment 102 and/or enterprise application server
128. The data model may expand to contain other data ele-
ments as feeds are added, and may contract to eliminate
container properties for unused data feeds (e.g. installations
that do not include a patient charting device 108), according
to embodiments of the present invention. The BOA module
1110 queries the mobile asset management module 1106 to
determine whether new medical device data is available
(block 1608) and, if so, updates the medical device data in the
data model (block 1610). The BOA module 1110 queries the
mobile asset management module 1106 to determine whether
new patient charting data is available (block 1612) and, if so,
updates the patient charting data in the data model (block
1614).

[0196] The BOA module 1110 queries the mobile asset
management module 1106 to determine whether new navi-
gation data is available (block 1616) and, if so, updates the
navigation data in the data model (block 1618). The BOA
module 1110 determines whether it is time to send updated
information to the enterprise asset management module 1118
(block 1620) and, if so, sends the data model to the enterprise
asset management module (block 1622) and generates an
asynchronous message (block 1626). According to embodi-
ments of the present invention, the asynchronous message
generated at block 1626 is destined for the enterprise appli-
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cation server 128; according to alternative embodiments of
the present invention, the asynchronous message generated at
block 1626 is destined for the enterprise storage server 126
which, in turn, stores the data and notifies the enterprise
application server 128 of the data’s availability. The data
model is then rendered (block 1624), for example in the form
of a display update on the BOA device 104, according to
embodiments of the present invention. According to embodi-
ments of the present invention, the procedures indicated by
blocks 1608, 1612, 1616, and 1620 are not executed as
“stages” but are instead each events which trigger a different
thread of execution that modifies a data model, which in turn
triggers the update of the BOA device 104 display.

[0197] The network adapter/communication interface
module 1116 is a communications channel that includes one
or more of the following attributes, according to embodi-
ments of the present invention:

[0198] General purpose and data format independent.
Each application may be responsible for the format of its
messages.

[0199] Message addressing may be by name rather than
transport address (IP address for instance) so that mes-
sages can be sent to entities for which no route currently
exists (e.g. when the sender is disconnected from the
Internet). Name resolution into actual machine address
may be deferred until a route actually exists.

[0200] Tree relationship between entities that use com-
munication interface module 1116, in which name infor-
mation may be “percolated” up the tree but not down. As
such, each node has a simple routing choice: if the name
is the current device or below, route there, otherwise
route to the current device’s parent. The root of the tree
may be the primary message broker and it accumulates
all name information. The primary message broker is the
unique node in the communications tree which contains
all name information and thus can perform routing from
one sub-tree to another, according to embodiments of
the present invention.

[0201] Message delivery may be deferred until the
recipient actually appears. Messages may be stored until
the recipient becomes routable.

[0202] Messages may be stored in a transaction safe
database at each node so that even a node unexpectedly
failing does not risk message loss.

[0203] Full encryption of messages may be maintained
until the recipient actually receives them. While stored
in databases, the messages may remain encrypted.

[0204] Robust operation over intermittently connected
wireless connections. Messages may be stored until a
connection is resumed. Within certain time-limits, if the
connection is restored, message transmission may con-
tinue from where it left off rather than starting anew.

[0205] Messages intended for machines or applications
that are ‘local’ may be routed locally even when that
segment of the tree is disconnected from the primary
message broker.

[0206] Messages may be sent with an expiration time
after which the message will not be delivered and the
sender may be notified of the expiration.

[0207] Thecommunications interface 1116 may bea MER-
CURY™ communication interface available from Zoll Data
Systems of Broomfield, Colo., according to embodiments of
the present invention.
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[0208] The messaging components for the BOA module
1110 may be implemented using the communication inter-
face module 1116 as a channel. These messaging components
implement one or more of the following characteristics,
according to embodiments of the present invention:

[0209] Publish-Subscribe Model: The data feed consum-
ers (e.g. the BOA mobile module 1110) subscribe with
the providers (e.g. the patient charting module 1112) to
receive the data feed. The subscription request includes
the duration of the subscription. As the providers modify
the data feed items, the data feed items are sent to all
subscribers. According to embodiments, the BOA mod-
ule 1110 is a data feed consumer for feeds from the
patient charting module 1112 and the navigation module
1114 but a data feed provider for the aggregated feed
going to the enterprise asset management module 1118.

[0210] Message Queue Throttling: Using the message
expiration feature of the communications interface mod-
ule 1116, all messages may be sent with a short expira-
tion time and then a new, current copy is sent upon
expiration notification. This keeps the system from hav-
ing a large queue of stale data feed messages when
components are disconnected; at most, one current mes-
sage is in the system.

[0211] Complex message format: The data feed mes-
sages include graphical, textual and binary data which
may be turned into objects by the recipient for ease of
use.

[0212] The enterprise asset management module 1118
receives an aggregated data feed from multiple BOA modules
1110 and provides presentation of those aggregated data
feeds on displays remote from the originating ones. For
example, such aggregated data feeds may be fetched from the
database 1120 associated with the enterprise asset manage-
ment module 1118 by the enterprise application server mod-
ule 1122 and displayed to an enterprise user via a thin client
display application module 1124 running on a web browser,
according to embodiments of the present invention. Such a
web page may be secured, encrypted, password-protected,
and/or HIPAA compliant, according to embodiments of the
present invention. The enterprise asset management module
1118 includes one or more of the following attributes, accord-
ing to embodiments of the present invention:

[0213] Receives asynchronous messages from multiple
BOA modules 1110 containing aggregated data feeds
including but not limited to data feeds from patient
charting modules 1112, navigation modules 1114, and
medical devices.

[0214] Uses destination data from the BOA module
1110, set either by the navigation module 1114 or manu-
ally by the user on the flat panel BOA device 104, creates
a web page for each hospital destination containing the
feeds from each BOA module 1110 with that hospital as
the destination.

[0215] Asynchronously updates the web page as new
versions of the aggregated data feeds arrive for each
BOA module 1110 sending data regarding a patient 116
en route to the hospital or treatment facility.

[0216] Renders the aggregated data feeds with diagnos-
tic resolution of the 12-Lead data.

[0217] Prevents unauthorized access by employing hos-
pital specific logins to the secured EMS data feed web
page module 1124.
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[0218] Although FIG. 1 illustrates the BOA device 104
communicably coupled with a patient monitoring device 106,
a patient charting device 108, and a navigation device 110, in
alternative embodiments of the present invention the BOA
device 104 is communicably coupled with additional EMS-
related devices not shown in FIG. 1, and/or is communicably
coupled with multiple devices of the kind shown in FIG. 1,
and/or is communicably coupled with different models or
versions of the devices of the kind shown in FIG. 1. For
example, the BOA module 1110 may be configured to com-
municate EMS-related device data to and from, either directly
and/or indirectly via a device adapter/communication intet-
face module 1104, one or more of the following devices: a
defibrillator, a patient charting device, a navigation device, a
GPS device, a pulse oximeter, an automatic cardiopulmonary
resuscitation device (e.g. Autopulse® non-invasive cardiac
support pump), a driver safety monitoring system, a standal-
one blood pressure monitor, a blood glucose measurement
device, an inventory control system, a blood alcohol monitor,
a breathalyzer instrument, and a crew scheduling system. A
defibrillator or patient monitoring device may be one of a
broad range of defibrillators or patient monitoring devices
made and/or sold by a number of different manufacturers,
according to embodiments of the present invention. The BOA
device 104 may also be communicably coupled with, and
configured to aggregate with patient data, data obtained from
a CodeNet Writer™ device manufactured by Zoll Medical
Corporation, or the like, according to embodiments of the
present invention.

[0219] According to embodiments of the present invention,
the BOA device 104 is communicably coupled to only one or
two of the patient monitoring device 106, the patient charting
device 108, and the navigation device 110, and is configured
to organize and display EMS information from only the one
or two such devices.

[0220] Although the modules and applications described
with respect to FIG. 11 can roughly correspond to the hard-
ware devices with similar designations in FIG. 1, one of
ordinary skill in the art, based on the disclosure provided
herein, will understand that the various modules and/or
instructions for performing the described procedures may be
located on different and various hardware devices and/or on
hardware devices not depicted, in different combinations,
according to embodiments of the present invention. For
example, although the BOA device 104 may be a touch-
screen PC including and configured to perform the tasks of
the BOA module 1110, the BOA device 104 may alternatively
be a simple display device such as a monitor, with the com-
putational functions of the BOA module 1110 and/or mobile
asset management module 1106 performed by other hard-
ware, such that only the display information is communicated
to the BOA device 104, according to embodiments of the
present invention.

[0221] The BOA device 104 according to embodiments of
the present invention may be configured to facilitate data
entry via a touch screen device with software that permits
rapid and easy data entry, similar to the Quicklog capability of
the Zoll Data Systems RescueNet® ePCR Suite. In addition,
the BOA device 104 may be configured to permit selection
and display of patient monitoring data (e.g. 12-lead ECG
data) from prior transports and/or other agencies retrieved
from mobile database 118 and/or enterprise database 130,
according to embodiments of the present invention. Such
historical and/or shared patient data may also be made avail-

Dec. 1,2011

able to hospitals, and/or stored by hospitals or other care
institutions as part of a data management program. The BOA
device 104 may also be configured to display streaming ECG
information similar to the “live” display of such information
by a defibrillator device, for example. The BOA device 104
may also be configured to display feedback to the EMS tech-
nician 114 about cardiopulmonary resuscitation being per-
formed, to evaluate the CPR technique during and/or after it is
administered. According to embodiments of the present
invention, the BOA device 104 may be configured to com-
municably couple with and receive information from an
accelerometer and/or other CPR evaluation device, such as a
device configured to detect the presence of and/or the timing
of and/or the depth/displacement of and/or the velocity of
and/or the acceleration of chest compressions, for example
the devices and methods described or referenced in U.S. Pat.
No. 6,390,996 issued on May 21, 2002, U.S. Pat. No. 6,827,
695 issued on Dec. 7, 2004, U.S. Pat. No. 7,122,014 issued on
Oct. 17, 2006, and U.S. Pat. App. Pub. No. 2006/0009809
published on Jan. 12, 2006, which are incorporated by refer-
ence herein in their entireties.

[0222] FIG. 17 depicts a flow chart 1700 illustrating a
method performed by BOA module 1110, according to
embodiments of the present invention. The process begins at
block 1701. The BOA module 1110 is initialized (block
1702), and the user may then select devices (block 1704) from
which medical and/or EMS information will be received. For
example, such device selection may involve generating an
asynchronous message to be received by the patient monitor-
ing module 1102 for establishing a connection (block 1706),
an asynchronous message to be received by the navigation
module 1114 for establishing a connection (block 1708),
and/or an asynchronous message to be received by the patient
charting module 1112 for establishing a connection (block
1710). A different subset of devices (different devices, fewer
devices, or more devices) may be selected at any time when
the user initiates an asynchronous event to select or change
devices (block 1712).

[0223] Once devices have been selected, the BOA device
104 cycles through a series of different displays (block 1714).
This cycling may be programmed to occur at preset intervals;
for example, the BOA device 104 may be configured to cycle
the display between different data models every seven sec-
onds. For example, a navigation device data model may be
displayed (block 1716), which may be similar to the data
model depicted in FIG. 3, for example. After a preset time, the
display may be switched to a patient monitoring device data
model (block 1718), similar to the data model depicted in
FIG. 4, for example. After another preset time, the display
may be switched to a patient charting device data model
(block 1720), similar to the data model depicted in FIG. 5, for
example. Once the display has cycled through each data
model, it may return to the first data model displayed and
repeat the cycle, according to embodiments of the present
invention. Such a cycling may be initiated or re-initiated
during other tasks when the user initiates an asynchronous
event (block 1722) by selecting the cycle feed button (similar
to the button 318 of FIG. 3), for example.

[0224] When a user selects one of the “feed” buttons (block
1724), an asynchronous event is generated causing the data
mode] corresponding to that feed to displayed (block 1726)
for a longer predetermined period of time, for example one
minute. As an example, if the user selects the patient charting
button 206 (see FIG. 2), the patient charting data model
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similar to FIG. 5 will immediately be displayed and will
remain displayed for a period of time longer than the default
cycle time. When a user selects the patch notes button 208
(block 1728), an asynchronous event is generated causing the
patch notes data model similar to FIG. 6 to be displayed
(block 1730) until the user next selects the cycle feeds button
318 or a particular feed button 202, 204, 206, according to
embodiments of the present invention. When a user selects
the protocols button (block 1732), an asynchronous event is
generated causing the protocols data model similar to FIG. 7
to be displayed (block 1734) until the user next selects the
cycle feeds button 318 or a particular feed button 202, 204,
206, according to embodiments of the present invention.

[0225] When one of the EMS devices receives or generates
new data, it may be configured to generate an asynchronous
notification to be received by the BOA module 1110, accord-
ing to embodiments of the present invention. For example, the
patient charting module 1112 may generate an asynchronous
message when it has new information to share (block 1736),
the patient monitoring module 1102 may generate an asyn-
chronous message when it has new information to share
(block 1738), and the navigation module 1114 may generate
an asynchronous message when it has new information to
share (block 1740), according to embodiments of the present
invention. These asynchronous messages may include within
them the new or updated data itself. When the BOA module
1110 receives one or more of these notifications, it updates the
data model or data models that correspond to the particular
device and/or information received (block 1742). For
example, if new patient charting information is received from
the patient charting module 1112 (which may be running on
the patient charting device 108), the BOA module 1110 will
update the patient charting data model to reflect the most
recent data. The BOA module 1110 then refreshes its display
(block 1744), which results in the currently displayed data
model being replaced with the new data model immediately if
any data in the data model was updated in block 1742. The
data model update may then be sent to the BOA enterprise
module which may reside on enterprise application server
128 (block 1746), which may result in an asynchronous mes-
sage being generated to the BOA enterprise module (block
1748), according to embodiments of the present invention.

[0226] Some embodiments of the present invention include
various steps, some of which may be performed by hardware
components or may be embodied in machine-executable
instructions. These machine-executable instructions may be
used to cause a general-purpose or a special-purpose proces-
sor programmed with the instructions to perform the steps.
Alternatively, the steps may be performed by a combination
of hardware, software, and/or firmware. In addition, some
embodiments of the present invention may be performed or
implemented, at least in part (e.g., one or more modules), on
one or more computer systems, mainframes (e.g., IBM main-
frames such as the IBM zSeries, Unisys ClearPath Main-
frames, HP Integrity NonStop servers, NEC Express series,
and others), or client-server type systems. In addition, spe-
cific hardware aspects of embodiments of the present inven-
tion may incorporate one or more of these systems, or por-
tions thereof.

[0227] As such, FI1G. 18 is an example of a computer sys-
tem 1800 with which embodiments of the present invention
may be utilized. According to the present example, the com-
puter system includes a bus 1801, at least one processor 1802,
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at least one communication port 1803, a main memory 1804,
a removable storage media 1805, a read only memory 1806,
and a mass storage 1807.

[0228] Processor(s) 1802 can be any known processor, such
as, but not limited to, an Intel® Itanium® or Itanium 2®
processor(s), or AMD® Opteron® or Athlon MP® processor
(s), or Motorola® lines of processors. Communication port(s)
1803 can be any of an RS-232 port for use with a modem
based dialup connection, a 10/100 Ethernet port, or a Gigabit
port using copper or fiber, for example. Communication port
(s) 1803 may be chosen depending on a network such a Local
Area Network (LAN), Wide Area Network (WAN), or any
network to which the computer system 1800 connects. Main
memory 1804 can be Random Access Memory (RAM), or
any other dynamic storage device(s) commonly known to one
of ordinary skill inthe art. Read only memory 1806 can be any
static storage device(s) such as Programmable Read Only
Memory (PROM) chips for storing static information such as
instructions for processor 1802, for example.

[0229] Mass storage 1807 can be used to store information
and instructions. For example, hard disks such as the
Adaptec® family of SCSI drives, an optical disc, an array of
disks such as RAID (e.g. the Adaptec family of RAID drives),
or any other mass storage devices may be used, for example.
Bus 1801 communicably couples processor(s) 1802 with the
other memory, storage and communication blocks. Bus 1801
can be a PCI/PCI-X or SCSI based system bus depending on
the storage devices used, for example. Removable storage
media 1805 can be any kind of external hard-drives, floppy
drives, flash drives, IOMEGA® Zip Drives, Compact Disc—
Read Only Memory (CD-ROM), Compact Disc—Re-Writ-
able (CD-RW), or Digital Video Disk—Read Only Memory
(DVD-ROM), for example. The components described above
are meant to exemplify some types of possibilities. In no way
should the aforementioned examples limit the scope of the
invention, as they are only exemplary embodiments.

[0230] Embodiments of the present invention may be con-
figured to achieve various other solutions in an emergency
medical services environment. For example, the BOA device
104, in communication with the navigation device 110, may
be configured to provide additional mapping and/or naviga-
tion information. The BOA device 104 may display status
information about a hospital destination, and may indicate
diversion or alternative destinations to direct the ambulance
101 to an appropriate destination, according to embodiments
of the present invention. The BOA device 104 may also dis-
play characteristics about hospitals and/or other destinations,
such as the hospital’s capabilities (e.g. heart specialty, burn
specialty), insurance accepted, patient capacity and current
patient capacity status, according to embodiments of the
present invention. The BOA device 104 may also be in com-
munication with the enterprise workstation 122 of the hospi-
tal or other destination to permit preregistration or partial
preregistration of the patient 116. According to embodiments
of the present invention, a hospital without availability shows
up for the ambulance driver 112 as not available. The BOA
device 104 may be configured to display such information
simultaneously with a map and/or during navigation, to facili-
tate destination selection. This information may be obtained
over the network 120 from an enterprise server 126 or 128
and/or from an enterprise workstation 122 and/or from the
navigation device 110, according to embodiments of the
present invention.
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[0231] The BOA device 104 may also be configured to
communicate in various ways with the user, including with
the EMS driver 112 and/or the EMS technician 114, accord-
ing to embodiments of the present invention. For example, the
BOA device 104 may be configured to provide audio
prompts, alarms, scheduling, timing, and/or audio streams to
EMS users. The BOA device 104 may be configured with
Bluetooth® connectivity or capability, such that a user may
connect or pair a unique Bluetooth® device with BOA 104 to
receive audio information and/or to communicate voice
prompts. An alarm may be configured to sound or to display
visually upon a triggering event, for example upon receipt by
the BOA device 104 of an asynchronous event signal from a
sensor indicating that a detected parameter is outside an
acceptable range or value, according to embodiments of the
present invention. Audio and/or visual cues may be used to
alert a user to a particular dosage schedule, for example
beeping when a certain amount of time has elapsed since a
first administration of a drug. Such alarms and/or schedules
may be set or customized by the users. or may be selected
from a predetermined set of alarm and scheduling options,
according to embodiments of the present invention.

[0232] According to embodiments of the present invention,
the BOA device 104 may provide role-based data and/or
audio streams; for example, a technician administering CPR
may receive audio and/or visual information about the
patient’s cardiac condition, but the BOA device 104 may filter
out other information such as mapping and/or routing infor-
mation for that user. Private, customized feedback and/or
information may be provided to EMS users based on their
roles, according to embodiments of the present invention.

[0233] The BOA device 104 may further provide decision
support foran EMS technician, according to embodiments of
the present invention. Based on information entered by the
technician 114 (e.g. via a patient charting device 108) and/or
information received from a patient monitoring device 106,
BOA device 104 may compare the information with internal
or external databases to display or otherwise convey a differ-
ential diagnosis, and/or predictive diagnosis (e.g. based on
vectors or EKG information), according to embodiments of
the present invention. For example, the BOA device 104 may
present the EMS technician 114 with a decision matrix based
on symptoms and/or responses to treatments to help the EMS
technician 114 determine, for example in an interactive for-
mat, a potential diagnosis. The BOA device 104 may provide
protocols or links to protocols based on the information
received, either from the technician 114 or from one of the
devices with which it is in communication.

[0234] Inoneembodiment, the data for the patient’s history
may be entered via the BOA device 104 with patient physi-
ological measures via the monitor of BOA device 104. As the
differential diagnosis requires both patient history, patient
examination findings, and measures of the patient’s physi-
ological state via such monitoring as ECG, capnography and
pulse oximetry, these data elements are integrated into a user
interface that automatically or semi-automatically integrates
the various data elements on a single differential diagnosis
screen within the application on the BOA device 104, accord-
ing to embodiments of the present invention. The interface of
BOA 104 begins by asking the rescuer to choose from a list of
common presenting symptoms or complaints by the patient,
e.g. dyspnea or respiratory distress. The information such as
on the screens illustrated in FIGS. 26-28 (taken directly from
Am Fam Physician 2003; 68:1803-10, which is incorporated
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by reference herein) and FIG. 29 (taken directly from the
Collier County Common Medical Protocol, revised Feb. 1,
2008), provides a structured approach for rescuers to obtain
information. As patient history and physical examination
findings are entered into the BOA device 104, the differential
diagnosis page may gradually narrow down the possible diag-
noses. Heart sound measurement and detection may be incor-
porated into the monitoring device 106 for the detection of S3
and S4 heart sounds and automatically narrow the differen-
tial, or suggest for the rescuer to confirm agreement with the
software diagnosis, of heart failure or pulmonary edema. A
flowchart for incorporating heart sounds is shown in FIGS.
26-29. Pulse oximetry and capnography are also very helpful
measures and may be automatically incorporated into the
algorithm for more accurate diagnosis.

[0235] Inone embodiment, rescuers may be able to simply
touch the cursor to the history or physical exam findings listed
as possible from the screen-displayed lists of FIGS. 26-29,
thereby minimizing unnecessary keying inputs. At the bottom
of each list of possible findings or history is a data entry
position for “Other”, for those findings or history which are
not normally consistent with the presenting condition. In one
embodiment, these additional findings, history or physiologi-
cal measurements can be compared with a larger differential
diagnosis database to suggest other possibilities to the rescuer
based on a calculated probability or if the other possible
causes have been ruled out, according to embodiments of the
present invention.

[0236] In much the same way that twelve-lead data and
other BOA 104 device data may be sent to an enterprise
environment 102 and displayed and/or retrieved on an enter-
prise workstation 122 or web-based environment, the BOA
device 104 may also be configured to receive, display, and/or
store similar information from an enterprise environment
102, according to embodiments of the present invention. For
example, in a situation in which a patient is being transported
from one hospital to another to receive specialized care, the
hospital may send to the BOA device 104 information about
the patient’s vitals and/or health history and/or physician
recommendations. Alternatively, the hospital may grant elec-
tronic authorization for the remote EMS technician to query
its database or databases where such information is kept, to
enable the EMS technician 114 to select, using the BOA
device 104 interface, which and how much information he
would like to receive. In this way, technicians in an ambu-
lance 101 can see what is happening to a patient at the hos-
pital, for example.

[0237] The BOA device 104 may also include speech rec-
ognition software and/or text-to-speech software, according
to embodiments of the present invention. As such, the BOA
device 104 may provide an audio signal that reads text or
numeric data received from one or more devices, to convey
the data to the EMS technician 114 audibly, such that the EMS
technician 114 need not divert visual attention from the
patient or from another task, according to embodiments of the
present invention. The BOA device 104 may also recognize
voice command prompts, to enable the user to operate the
BOA device 104 by voice instead of having to divert manual
attention from the patient or the task at hand, according to
embodiments of the present invention.

[0238] The BOA device 104 also be configured to retrieve
audio data stored on a device, such as a patient monitoring
device 106, to help the EMS technician 114 in treatment or
diagnosis, and/or for storage, technician evaluation, quality
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control, or later playback. For example, the patient monitor-
ing device 114 may be a defibrillator that records a continuous
audio stream; the BOA device 104 may access the continuous
audio stream and permit selective play back of certain por-
tions and/or transmit the audio stream or audio file for remote
access or storage, according to embodiments of the present
invention. The BOA device 104 may also be configured to
receive audio information from a patient monitoring device
106 or other device even before the EMS technician 114 has
reached the patient, to help the EMS technician 114 to prepare
for the scene.

[0239] The BOA device 104 may be configured to connect
with a video monitoring device, for example a webcam, or a
standalone video camera, and/or a video capture device that is
mounted on or part of another device to which the BOA
device 104 connects, according to embodiments of the
present invention. For example, a video or still camera
mounted in the back of an ambulance 101 may provide visual
data to BOA 104 for storage and/or transmission and/or
retransmission to the enterprise environment 102 and/or the
administration environment 103. Such a video feed may per-
mit a physician waiting at a hospital to view the patient’s
status before the patient arrives, for example.

[0240] With an ability to connect with and interface mul-
tiple EMS-related devices, both clinical and non-clinical, and
aggregate such EMS-information (both clinical and non-
clinical) from multiple devices, the BOA device 104 may also
be configured for inventory monitoring and control. For
example, the BOA device 104 may be communicably coupled
with a bar code scanner, a radio frequency identification
(“RFID”) receiver or transceiver, or other inventory monitor-
ing device. The BOA device 104 may maintain or communi-
cate with a database that tracks a particular set of inventoried
items, whether they be medical devices, supplies, drugs, per-
sonnel, or the like.

[0241] For example, the BOA device 104 may include a
database that tracks the inventory of devices, supplies, and
drugs on board a particular ambulance 101. When a new
device is placed on the ambulance 101, the new device is
equipped with a tag or bar code or some other unique identi-
fier, and the BOA device 104 may be configured to automati-
cally sense, or to be instructed to sense (e.g. by scanning a bar
code with the bar code scanner), the presence of a new inven-
tory item. The BOA device 104 may also prompt the user with
a status update request, for example: new item, item being
removed, item being dispensed, item destroyed, item trans-
ferred. Hence, at the beginning of an ambulance 101 shift, the
crew may query the BOA device 104 to display the inventory
of devices, supplies, and/or drugs on board, and may supple-
ment the inventory for any deficient item. When a drug is
administered, it may be scanned into the BOA device 104
system with an indication that it has been dispensed and
should be replaced. At the end of a shift, the crew may check
the inventory via the BOA device 104 and restock necessary
supplies and/or transmit the inventory situation to a third
party for any appropriate restocking, monitoring, and/or veri-
fication activity.

[0242] Such inventory information may also be conveyed
by BOA 104 for remote use and/or storage. For example, a
defibrillator patient monitoring device 106 may be checked
out to each crew of each ambulance 101, and this information
may be sent by BOA device 104 through network 120 to the
enterprise storage server 126, which may aggregate such
information across multiple ambulances 101. A shift super-
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visor using a remote enterprise workstation 122 may query
such database to determine which defibrillators are out in the
field on which ambulances 101, according to embodiments of
the present invention. In this way, the BOA device 104 may
auto-upload inventory information to a central system.
[0243] The BOA device 104 may also be configured to
connect with devices (clinical and/or non-clinical) that track
EMS technician 114 and patient 116 safety, according to
embodiments of the present invention. For example, the BOA
device 104 may be configured to connect with accelerometer
and/or tire pressure sensors, and/or other vehicle-relate sen-
sors to track driving conditions, driving behavior, safety level,
and/or event occurrences, according to embodiments of the
present invention. According to one embodiment of the
present invention, the BOA device 104 may be configured to
connect with a breathalyzer device, which may be used to
sense and/or estimate the blood alcohol content of the driver
and/or patient. The BOA device 104 may collect such data
and display it to the user in a feedback format, and/or may
send such data through the network 120 for storage and/or
remote evaluation, according to embodiments of the present
invention. The BOA device 104 may also monitor a vehicle’s
maintenance schedule and alert the user when maintenance is
needed or recommended, according to embodiments of the
present invention.

[0244] Due toits connection with the network 120 and also
with other devices 106, 108, 110, the BOA device 104 may
also serve as an ambulance headquarters and/or a type of
“repeater” in a trauma or disaster situation, according to
embodiments of the present invention. For example, the BOA
device 104 may be configured to connect with multiple
devices including devices outside the ambulance 101 and/or
in a different ambulance 101, to permit the BOA device 104
user to view and manage response treatments, for example.
Such a configuration also permits data from multiple devices
(e.g. multiple defibrillators or other patient monitoring
devices) to be conveyed through the network 120 to an enter-
prise environment 102 and/or administration environment
103, according to embodiments of the present invention. In
another example, a single ambulance 101 equipped with a
BOA device 104 system as described above may be deployed
to adisaster or trauma situation, and the BOA device 104 may
be connected to and aggregating information from multiple
patient monitoring devices 106. A supervisor or situation
managet may use the BOA device 104 to monitor treatment
status, prioritize patient medical needs, transmit relevant
information to selected outside caregivers, hospitals, and/or
treatment centers, and to distribute resources accordingly.
[0245] According to some embodiments of the present
invention, the BOA device 104 is configured to perform diag-
nostics on and/or to initiate self-diagnostics for devices with
which it is connected. The BOA device 104 may also be used
for training and/or education of EMS technicians 114, by
making downloaded protocols available for display, and/or by
simulating a medical emergency (e.g. simulating the device
feeds from multiple clinical and non-clinical devices during a
medical emergency or transport).

[0246] According to some embodiments of the present
invention, the BOA device 104 provides a visual indication of
whether its connection with the navigation device 110 (or
other predetermined device) is online or offline. According to
some embodiments, the user can select to view historical
rather than current patient information; for example, the user
may select to view thumbnails of previous twelve-leads, and
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can send a collection of twelve-lead data snapshots to an
enterprise environment 102 (e.g. a hospital), each with a
unique serial number, for example. The enterprise user 124
may also view the patch notes from the BOA device 104, so
that the EMS technician 114 need not convey them telephoni-
cally, according to embodiments of the present invention.
[0247] The BOA device 104 may also include a drop-down
menu interface, listing each device to which the BOA device
104 is connected and its connection status, according to
embodiments of the present invention. The BOA device 104
may also be connected with a biometric device such as a
fingerprint reader or a retinal scanner, or a non-biometric
device such as a keypad, to assist in verifying the identity of
a patient and/or in authorizing access to patient medical
records. Such records may be stored in remote databases
and/or stored by different entities, for example.

[0248] FIGS. 20-23 illustrate an EMS communication
interface device 2000, configured to facilitate communication
between a patient monitoring module 1102 and a device
adapter/communication interface 1104 (see F1G. 11). Not all
patient monitoring devices 106 include the hardware neces-
sary for certain kinds of communication (e.g. wireless com-
munication), either with BOA device 104 or with other enter-
prise environments 103. An EMS communication interface
device 2000 may be added as an accessory to the patient
monitoring device 106 in order to supplement its communi-
cation capability, as well as provide additional functionality,
according to embodiments of the present invention.

[0249] The EMS communication interface device 2000
may be configured to interface with the patient monitoring
device 106 via an existing hardware interface, such as, for
example, via a PCMCIA card slot, a USB slot, or the like,
according to embodiments of the present invention. The fol-
lowing example illustrates an EMS communication interface
device 2000 that interfaces with a patient monitoring device
106 via a PCMCIA card slot in the device 106, according to
embodiments of the present invention.

[0250] FIG.20illustrates a carrier board 2010 design for an
EMS communication interface device 2000, according to
embodiments of the present invention. The carrier board 2010
may be a custom carrier board for a systems-on-module
(“SOM”) hosting of various subsystems. The carrier board
2010 may host a PCMCIA edge connector 2030, PCMCIA
address and control transceivers 2012, PCMCIA data trans-
ceivers 2014, a board power supply 2016, a first-in-first-out
(“FIFO”) co-processor input memory buffer 2018, a flash
memory common memory plane (“CMP”) 2020, a complex
programmable logic device (“CPLD”) attribute memory
plane (“AMP”) spoof shifter 2022; a universal serial bus
(“USB”) universal asynchronous receiver-transmitter
(“UART”) bridge 2024, a CPLD programming interface
2026, and a reset push button 2028. The power supplies for
3.3V, 1.8V, and 1.5V levels may be derived from PCMCIA
5V and possibly 12V inputs, according to embodiments of the
present invention. Device 2000 may further include a USB
2.0 port.

[0251] The carrier board 2010 may also include a SOM
coprocessor subsystem 2040 such as, for example, a Gumstix
Overo Air SOM or a LogicPD xxxSOM. SOM 2040 may
include a Bluetooth (“BT”) radio and/or antenna and/or a
WiFi (e.g. 802.11a/g) radio and/or antenna 2042. The 802.11
a/g subsystem may be initialized and configured during boot,
and may also be configured via terminal session, according to
embodiments of the present invention. SOM 2040 may also
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include a storage device 2044, such as, for example, a remov-
able micro SD storage/memory slot. A micro SD card may be
used in such a slot as random access storage as well as a
source of the boot strap code to initialize the co-processor
subsystem 2040. SOM 2040 may also include a power man-
agement integrated circuit (“IC”) 2048, such as, for example,
a Texas Instruments TPS65950 integrated power manage-
ment IC. SOM 2040 may also include a processor 2046 such
as, for example, a T Open Multimedia Applications Platform
(“OMAP”) 3503 processor with 256 MB of random access
memory (“RAM”) and 256 MB of non-volatile RAM
(“NVRAM”) in a package-on-package (“POP”) package.
The coprocessor subsystemn 2040 may be communicably
coupled to the carrier board 2010 via dual 70-pin headers,
according to embodiments of the present invention. The car-
rier board 2010 may also include a Joint Test Action Group
(“JTAG”) interface for programming, according to embodi-
ments of the present invention.

[0252] Thedevice 2000 may include CPLD firmware, such
as, for example, Actel Igloo Nano AGL250V2-VQG100_0.
Such CPLD firmware may govern linear flash (“LF”") control
signals for read/write operations, may govern FIFO control
signals for write and read operations in a manner of a FIFO
dual-ported implementation, and may employ level shifted
address and data buses for LF, FIFO, and the OMAP, accord-
ing to embodiments of the present invention. The device 2000
may include an operating system, such as, for example, OE
2.6.x Open Embedded Linux. The device 2000 may employ
the C# Common Language Runtime (2.6.2), for example the
Mono common language runtime (“CLR”), according to
embodiments of the present invention. The device 2000 may
include persistent data storage using SQLite software library,
according to embodiments of the present invention. The
device 2000 may perform asset management patterned data
storage for framed data, and/or asset management patterned
services for parameterized frame retrieval, according to
embodiments of the present invention. The device 2000 may
accomplish WiFi communications using User Datagram Pro-
tocol/Internet Protocol (“UDP/IP”) for streaming data output,
a .NET remoting service bus, and/or a NET remoting event-
ing bus, according to embodiments of the present invention.

[0253] FIG. 21 illustrates a system overview for an EMS
communication interface device 200, according to embodi-
ments of the present invention. A patient monitoring module
1102 processes and sends patient monitoring data. The
patient monitoring module 1102 may be implemented by a
Zoll E-Series Defibrillator, according to embodiments of the
present invention. Such patient monitoring module 1102 is
configured to transmit streaming patient vital signs and
twelve lead information, as well as full disclosure data, over
a BT wireless connection 2110, to a BT plug-in 2112 that is
part of a device adapter 1104, according to embodiments of
the present invention. As used herein, the term “Full Disclo-
sure Data” means all data recorded by a patient monitoring
device 106, and includes, without limitation, patient vital
signs, twelve-lead data, audio information, ECG information,
lead type, gain, defibrillator shock information, system mode,
paddle type, heart rate alarm status, heart rate, configuration
information, code marker information, non-invasive blood
pressure measurements, patient name, patient identification,
biphasic defibrillator data, invasive blood pressure informa-
tion, invasive blood pressure waveform data, temperature
data, SpO, information, SpO, waveform, sample number
information, accelerometer information, accelerometer
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waveform, impedance waveform, CPR field data, APLS
waveform, and/or APLS compression detection.

[0254] A WiFi wireless connection has a much higher
bandwidth for the transfer of information than a BT wireless
connection. However, in some cases, the patient monitoring
device 106 on which the patient monitoring module 1102 runs
may not include WiFi capabilities, but it may include a per-
sonal computer memory card international association (“PC-
MCIA”) card slot with a PCMCIA interface 2114. A PCM-
CIA card may also be referred to as a PC card. The EMS
communication interface device 2000 may be plugged in to
the PCMCIA card slot 2114. The device 2000 may include a
linear flash memory card 2122 or other memory element for
recording full disclosure data from the patient monitoring
device 106, according to embodiments of the present inven-
tion. The memory card 2122 may be used to replicate all
existing memory card functionality of the patient monitoring
device 106, by storing in linear flash memory 2122 all data
written to the patient monitoring device 106 data slot, by
permitting a utility mode user-initiated retrieval of stored data
from linear flash memory 2122, and/or by permitting a utility
mode user-initiated erasure of the linear flash memory 2122,
according to embodiments of the present invention.

[0255] The full disclosure data stream from the patient
monitoring module 1102 may also be received through the
PCMCIA slot 2114 by an EMS communication interface
module 2116, which transforms the full disclosure data into
incident data, and provides the incident data over a WiFi
connection 2118 to a WiFi plug-in 2120 that is part of the
communication interface 1104, according to embodiments of
the present invention.

[0256] FIG. 22 illustrates another system overview for an
EMS communication interface device 2000, according to
embodiments of the present invention. As illustrated in FIG.
21, full disclosure data 1s recorded in a memory module 2122,
for example a flash linear analog memory module 2122,
according to embodiments of the present invention. The flash
analog module 2122 may be read, written, and/or erased by
the patient monitoring module 1102 similarly to the fashion in
which any memory element permanently associated with the
patient monitoring device 106 may be read, written, and/or
erased by via the device 106, according to embodiments of the
present invention. This may be accomplished by using a util-
ity mode of the device 106, for example. As such, the flash
analog 2122 is not interfaced to the SOM (e.g. to micropro-
cessor 2204), but only to the patient monitoring module 1102
in write/read/erase fashion.

[0257] According to embodiments of the present invention,
the flash analog memory 2122 is designed to resemble the
linear flash card that is normally associated with, and which
may be embedded within, the patient monitoring device 106.
Certain information may be stored in a non-volatile memory
area, for example in the attribute memory plane, and certain
other information may be stored in the first series of bytes of
the common memory plane, to make the memory 2122
resemble the internal memory of the patient monitoring
device 106. The communications interface 2116 may be a
FIFO buffer 2202, which may receive full disclosure data
from the patient monitoring module 1102 via the PCMCIA
interface 2114, and pass the full disclosure data to a micro-
processor 2204. The FIFO 2202 is uni-directional from the
patient monitoring module 106 to the microprocessor 2204,
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according to embodiments of the present invention. Incident
data sent may also be persisted in the asset management
database 2314.

[0258] According to embodiments of the present invention,
the FIFO buffer 2202 and/or the flash analog memory module
2122 arehardware-only solutions that function even when the
SOM 2040 is non-operational. This functionality permits data
protection in the case in which the SOM 2040 is not func-
tional, and permits data buffering for the SOM 2040 to ini-
tialize (e.g. to boot and start the EMS communication inter-
face services), according to embodiments of the present
invention. During therapy mode data capture to the card 2122,
if the SOM 2040 were to be disabled, device 106 data would
not be lost, according to embodiments of the present inven-
tion. This also permits users who have been trained on utility
modes of a patient monitoring device 106 related to the stor-
age of data ona memory module to continue using such utility
modes, even with the data being stored on memory module
2122 instead of a memory module internal to device 106,
according to embodiments of the present invention.

[0259] Using a plug-in 2120 that is part of the communica-
tion interface 1104, incident data (“ID”) may be streamed
from the microprocessor 2204 over a WiFi connection 2118.
Such information may be received and displayed by BOA
device 104, for example, and may be displayed in real time
and/or in clinically significant time (e.g. with a delay not
larger than that which permits a medically accurate and
timely observation, diagnosis, and/or treatment decision to be
made). According to embodiments of the present invention,
the incident data may be streamed on a BOA device 104 with
no more than a one-second delay. For example, twelve-lead
data generated by a defibrillator patient monitoring device
106 may be updated at least once each second, according to
embodiments of the present invention.

[0260] The microprocessor 2204 may also be programmed
to generate asynchronous (e.g. event based) notifications via
an eventing bus, over the WiFi connection 2118, according to
embodiments of the present invention. For example, if a
patient vital sign falls outside of present parameters, the
microprocessor 2204 may be programmed to send an alarm
event via eventing bus across the communication interface
1104.

[0261] In addition, the microprocessor 2204 may be pro-
grammed to permit a two-way service bus/service interface,
to permit the requesting of incident data related specific inci-
dents, according to embodiments of the present invention. For
example, after a treatment incident, the user may request, via
aservice bus, from microprocessor 2204 all information asso-
ciated with the particular incident (using a unique incident
identifier, such as a case number, patient name, or the like).
The microprocessor 2204 would then query the asset man-
agement module 2314 and retrieve any records associated
with the particular incident, and send them back out through
service bus, according to embodiments of the present inven-
tion. In this way, users may retrieve specific incident data
rather than having to download all of the card file data (which
in many cases will relate to multiple incidents, or information
beyond the specific subset of information sought). This is
made possible by the conversion of full disclosure data into
incident data by the microprocessor 2204 prior to storage
and/or forwarding. In some cases, users may wish to request
all data stored by asset management module 2314, which
would be a similar operation to the request for the card file
directly from the patient monitoring module 1102.
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[0262] FIG. 23 illustrates a software logic diagram for an
EMS communication interface device 2000, according to
embodiments of the present invention. A Linux Kernel 2302
may include a general purpose input/output (“GPIO”) mod-
ule 2304 configured to receive the data stream (e.g. the full
disclosure data) 2301 from the patient monitoring device 106.
The data stream 2301 is interfaced to the system 2000 through
the FIFO module 2202 which is controlled with several GP1IO
2304 lines, according to embodiments of the present inven-
tion. The FIFO is read to the SOM using GPIO status, control
and eight bits of data, according to embodiments of the
present invention. The byte stream driver 2308 may be imple-
mented in user space rather than a device driver to facilitate
debugging, in some embodiments. The byte stream driver
2308 may keep the FIFO 2202 drained by monitoring the
FIFO 2202 empty flag (which may be polled as opposed to
interrupt driven for debugging efficiency in one embodi-
ment).

[0263] Bytes read from the FIFO by the byte stream driver
2308 are re-assembled as blocks similar to those delivered by
the patient monitoring device 106 and framed in the data
formatter 2310, according to embodiments of the present
invention. This results in a frame event stream 2303 from the
data formatter 2310. The frame event stream is then sent to an
asset management module 2312, which saves the frames to
the database 2314 and forwards them out the WiFi channel to
the TCP/IP module 2306 of the Linux Kernel 2302. Accord-
ing to some embodiments of the present invention, the frame
event stream 2303 is sent over the WiFi connection via an
encrypted UDP broadcast, so that it may be received by a
wide range of clients (e.g. an iPhone may be configured to
receive the UDP broadcast). The frame event stream 2303
may also be received by a clinical time feed plug-in 2316 of
the communications interface module 1104, according to
embodiments of the present invention.

[0264] Asynchronous requests for incident data stored in
the database 2314 may be made by authorized external cli-
ents, such as via an incident plug-in 2318 of the communica-
tions interface module 1104, according to embodiments of
the present invention. Such incident service calls are shown in
dashed lines in FI1G. 23. Although database 2314 is shown as
an SQLite database, one of ordinary skill in the art will
appreciate, based on the disclosure provided herein, that other
database formats may be employed by asset management
module 2312, according to embodiments of the present inven-
tion.

[0265] According to embodiments of the present invention,
the byte stream is formatted by data formatter 2310 into
blocks of data resembling device 106 data blocks, and these
full data blocks are broadcast in a WiFi format upon construc-
tion (e.g. as ablock is made, it is sent over the WiFi interface).
According to embodiments of the present invention, the asset
management module 2312 frames the byte stream into con-
sistent blocks of time, for example one second per frame, and
each frame is saved into the asset management patterned data
storage (e.g. database 2314).

[0266] Although FIGS. 21-22 show full disclosure data as
two separate feeds, a single full disclosure data feed may be
bifurcated and sent to both the flash analog module 2122 and
the FIFO 2202 simultaneously, according to embodiments of
the present invention.

[0267] A user may query the device 2000 to request health
information, for example, running time, exceptions detected,
and other information from the patient monitoring device
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106, according to embodiments of the present invention. A
user may also request specific incident-based data from the
device 2000; for example, a user may send a query that says
“send all of the cases,” or “send data relating to a specific
case” or “send all twelve-lead data from a specific case.” The
device 2000 may also stream delivery of case data so as to
permit multiple authorized receivers (e.g. multiple BOA
devices 104) to obtain the data simultaneously, according to
embodiments of the present invention. According to some
embodiments of the present invention, device 2000 facilitates
data sharing between the patient monitoring device 106 and
the enterprise environment 103.

[0268] On power up, the device 106 interrogates the occu-
pant of the PCMCIA slot 2114 to ascertain if a valid linear
flash card 2122 is present. The validity test may consist of
reading a series of bytes from the LF AMP and validating the
values against sets of acceptable cards or an acceptable card.
If a valid card is found, the device 106 reads a series of bytes
from the CMP to test for validity and to determine if the card
has been “formatted” according to the requirements of the
device 106. In the absence of such a series of bytes, the device
106 may write such information to the card 2122, according
to embodiments of the present invention. Once the card 2122
is validated, the device 106 begins to write the device data to
the LF card 2122 as byte streams that are formatted into
blocks as described, above.

[0269] Although the device 2000 is depicted as interacting
with device 106 in a one-way fashion, the device 2000 may
also be configured to interact bi-directionally with device
2000. For example, the device 2000 may be configured to
provide a WiFi user interface similar to the user interface
observed directly on the patient monitoring device 106, to
permit total or partial remote control of the patient monitoring
device 106, according to embodiments of the present inven-
tion.

[0270] Packaged in a PCMCIA type x housing, each card
2010 contains a connector 2030, an array of flash memories
packaged in thin small outline packages (“TSOP”) and card
control logic. The card control logic provides the system
interface and controls the internal flash memories as well as
the input FTFO to the SOM, according to embodiments of the
present invention. Level shifters are present to adapt PCM-
CIA logic voltages to card logic voltages.

[0271] Card logic voltages of 3.3V, 1.8V, and 1.5V may be
derived from the PCMCIA VCC voltage (TTL, +5V, possibly
+12V). A single stage for 3.3V and 5V conversions is built
using three discrete transceivers. A CPLD is used to perform
3.3V and 1.8V conversions.

Part Logic Voltages Power Notes

71 +5V +5V,+12V 2 x 34 PCMCIA
connector

Us5,U6,U7 +5Vi433V +3V, 433V Level Shifters

U3 +33V +3.3V Flash Memory

u7 +33V +3.3V FIFO

u1 +33Vi+1.8V +3.3V,+1.8V CPLD

MCU +1.8V +4.0V OMAP SOM

[0272] Data enters FIFO at 3.3V from the PCMCIA byte

stream. Reading the FIFO is clocked an 8 bit byte at a time on
the read clock shifted between 3.3 and 1.8 to OMAP, through
the CPLD. OMAP control and status interface bits may be
converted in a similar fashion. Each carrier card 2010 may
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have a USB2.0 port. OMAP UART signals are connected to a
USB to UART serial bridge 2024, according to embodiments
of the present invention.

[0273] A JTAG interface for programming the CPLD may
be provided. A 2x34, A and B sided PCMCIA Connector (J1)
may be used, that inter-connects /O, status and power signals
between the device and the card, according to embodiments
of the present invention. For the device signals that the card
interface is interested in, there is a group of three transceivers
(U5, U6, and U7) that inter-convert PCMCIA voltage (VCC)
and board voltage (3V3), according to embodiments of the
present invention. Device 2000 is interested in 26 address
bits, 8 data bits, and 6 control signals that are intended to be
level-shifted, according to embodiments of the present inven-
tion. U5 and U6 are uni-directional 16b input shifters from
device to card for address and control information, according
to embodiments of the present invention. U7 is a bi-direc-
tional 8b level shifter for 8 bits of data.

[0274] According to embodiments of the present invention,
the device 2000 reads and writes data through this interface to
LF memory. U5 shifting 16 address bits [PCAO:PCA15] to
[A0:A15]. U6 shifting 10 address bits [PC16:PC25] to [A16:
A25], and 6 control signals {PC_REGn, PC_RESET,
PC_CEln, PC_CE2n, PC_OEn, PC_BWEn} to {REGn,
RESET, CE1n, CE2n, OFn, BWEn}.

Sig Description Active
REGn Attribute Memory Select Low
CEln Card enable 1 Low
CE2n Card enable 2 Low
OEn Output enable Low
BWEn Write enable Low
RESET Reset High

[0275] [PCDO:PCD7] 8 data bits (U2). Address shifters
may be input only, in which case the card does not generate
address information to the device 2000, only outbound
addressing (device to card) is exposed, according to embodi-
ments of the present invention. The data shifter is bi-direc-
tional as the device can read and write data to and from the
card, according to embodiments of the present invention. U5
shifts 16 bits of address and U6 shifts & control signals and the
upper 8 bits of the address and control signals from PCMCIA
VCC103V3.

[0276] Device 2000 is configured to permit streaming data
transmission via WiFi during therapy mode operations of the
device 106, as well as post-case upload of device data. The
device 2000 has hardware components as well as program-
mable elements using both firmware and embedded software,
including an embedded operating system as described, above.
According to some embodiments, the EMS communication
interface device 2000 is thicker than a standard Type III
PCMCIA card.

[0277] An embodiment of the present invention may
include one of more of the following features and/or charac-
teristics:

[0278] The carrier may be a PCMCIA card

[0279] The carrier may be inserted into a patient moni-
toring device PCMCIA data slot.

[0280] The card 2000 interfaces to the patient monitor-
ing device 106 in such a way as to appear to the patient
monitoring device 106 as a valid LF card (“linear flash
analog”) 2122.
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[0281] Thecard 2000 presents the PCMCIA byte stream,
written by the patient monitoring device 106, via a buff-
ered hardware interface, to a SOM processor.

[0282] The carrier stores the received PCMCIA byte
stream to anon-volatile storage subsystem (“linear flash
analog”) such that all of the patient monitoring device
106 read/write/erase functionality is preserved in all
device 106 modes of operation supporting these opera-
tions.

[0283] The SOM provides IEEE 802.11. b/g wireless
communications capability.

[0284] The SOM provides Bluetooth V2.0+4EDR wire-
less communications capability.

[0285] The SOM provides a micro SD card slot.

[0286] The SOM supports watchdog type monitoring to
provide for automatic reset if the SOM becomes non-
functional.

[0287] During patient monitoring device 106 or SOM
reset or initialization, data is captured to flash analog
memory.

[0288] Data capture continues uninterrupted during
SOM reset.

[0289] The system 5000 is designed such that data being
written by the patient monitoring device 106 is saved to
the flash analog regardless of SOM state

[0290] The SOM is able to access data saved while the
SOM was unavailable.

[0291] The carrier board provides a USB connector.

[0292] The carrier SOM combination supports USB 2.0
On-The-Go (“OTG”).

[0293] Device 2000 form factor includes PCMCIA stan-
dard dimensions in width and height.

[0294] Device 2000 form factor includes a width of 85.6
mmx54.0 mmxa thickness (in some cases, this thickness
is greater than type III which is 10.5 mm)

[0295] Device 2000 thickness is no larger than permitted
by device 106 PCMCIA slot.

[0296] All carrier board components are mounted on one
side of the carrier card.

[0297] The interface to the patient monitoring device
106 is via slot bay via 68-pin PCMCIA card edge con-
nector.

[0298] Device 2000 is encapsulated to meet medical
device requirements for EMC/RFL

[0299] The SOM is mounted on the carrier using 2 AVX
5602 70 pin connectors.

[0300] Device 2000 is powered from the PCMCIA data
slot, which may be on the order of 2.5 W continuous with
peak current not exceeding 600 mA.

[0301] Device 2000 may utilize 15 GPIO pins to control
reading FIFO byte stream buffer.

[0302] Device 2000 may utilize 3 UART lines from the
SOM connected and a USB bridge on the carrier.

[0303] Device 2000 may include an antenna for WiFi.

[0304] Device 2000 may include an antenna for BT.

[0305] Device 2000 may use an Angstrom Open Embed-
ded Linux operating system (“O/S”).

[0306] The device 2000 O/S may include Mono for the
purposes of running code implemented in C#.

[0307] The device 2000 O/S may include SQLite.

[0308] The device 2000 may support the use of USB for
bidirectional serial communications.
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[0309] The device 2000 provides secure wireless com-
munications, including end-point authentication, confi-
dentiality, integrity, and/or delivery confirmation.

[0310] External data recipients (external processes to the
device 2000) are able to request streaming data delivery.

[0311] Data recipients are able to request complete inci-
dent data delivery by incident identifier, e.g. post-inci-
dent data.

[0312] Device 2000 software is upgradeable via wireless
interface.
[0313] Device 2000 software is verified at run time using

a cyclic redundancy code (“CRC”)-like mechanism.
[0314] A device 2000 according to an embodiment of the
present invention may permit individual screens for different
receiving devices (e.g. different receiving devices using the
communications interface 1104) to permit different users to
obtain different data. For example, one user’s settings could
be configured to receive and display the frame event stream
data relating to a patient’s twelve-lead data, while an admin-
istrative technician user’s settings could be configured to
periodically request only frames associated with error codes
generated by the patient monitoring device 106, according to
embodiments of the present invention. Similarly, the same
data may be received by and/or displayed by multiple users
simultaneously over a WiFi connection, according to embodi-
ments of the present invention.

[0315] In this way, the data from a patient monitoring
device 106 may be streamed, e.g. over a wireless WiFi con-
nection, from a patient’s house to or from an ambulance,
and/or from an ambulance to or from a hospital. Various
frames in the event stream may be filtered and/or requested,
such that a specific subset of data may be obtained. For
example, respiration data may be included in a frame event
stream generated by device 2000, according to embodiments
of the present invention.

[0316] A device 2000 according to an embodiment of the
present invention may be combined with other types of
patient monitoring devices 106, for example an automatic
external defibrillator (“AED”). The device 2000 may thus be
configured to send status information from the AED, to facili-
tate software updates for the AED, and/or to remotely test the
AED, according to embodiments of the present invention.
Such a device 2000 may also be used with a patient charting
device, for example to combine the patient charting device
108 information from one vendor/platform with the patient
monitoring device 106 information from another vendor/plat-
form, according to embodiments of'the present invention. The
device 2000 may also function as a data aggregator, to parse,
organize, and place streams of information into discrete
frames information that are more easily sorted, queried, and
supplied at a later, post-incident time frame, according to
embodiments of the present invention.

[0317] According to embodiments of the present invention,
the patient monitoring device 106 (e.g. defibrillator) sends
data to the device 2000 in data blocks, for example ECG data,
or patient’s current heart rate. A collection of data blocks
corresponding to one incident may be referred to as incident
data. Full disclosure data is the concatenation of data associ-
ated with all incidents, and may be broken into sequences of
data blocks corresponding to each individual/patient. When a
service request is received for an incident, all of the frames
stored on device 2000 for that incident are collected and put
together in sequence. According to embodiments of the
present invention, each ECG block corresponds to 100 ms of
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BCG data, which provides ten data blocks per second. The
defibrillator may add to each data block an incident identifier,
time information about when the data block was recorded,
and/or a computing hash for data integrity purposes. accord-
ing to embodiments of the present invention.

[0318] Device 2000 (which is referred to in some figures as
a “Zango” device) and BOA device 104 (which is referred to
in some figures as a RescueNet Link, or RNL, device) work
together, according to embodiments of the present invention.
Device 2000, by virtue of its embedded computer, embodies
a powerful processing engine. This processing engine is used
to manage sophisticated data, communications, and applica-
tions operations on behalf of BOA device 104 users, accord-
ing to embodiments of the present invention. According to
one embodiment of the present invention, the device 2000
does not have input/output user interfaces (e.g., no keyboard,
or display), so it works in conjunction with BOA device 104
to provide users access to the communications and data man-
agement services it supports, according to embodiments of
the present invention.

[0319] FIGS. 20 and 23 illustrate the logical and functional
architecture of the EMS communications interface card 2000
processing and the BOA device 104 processing, respectively.
When device 2000 is not connected to device 104, device
2000 stores all device data and can transmit it to device 104
when a connection is established or restored.

[0320] FIG. 30 illustrates a data transmission interface,
according to embodiments of the present invention. Zangp
device (1a), can be configured to perform a number of func-
tions, according to embodiments of the present invention:

[0321] Frame defibrillator incident data blocks.

[0322] Stream framed incident data.
[0323] Save incident data frames to Zango database.
[0324] Host a set of data management services upon the

Zango database.

[0325] Inoneembodiment, data management services
are read/erase only. Services to modify incident data
are not supplied.

[0326] The “EMS communications interface channel” (1a,
15, 1¢) provides a means to transmit patient monitoring data
(e.g. E Series data) to the BOA device 104. This channel uses
the device 2000 to connect to BOA 104.
[0327] The RNL Zango Client (1¢) can be configured to
perform a number of functions:
[0328] Receive streamed incident frame data (15).
[0329] Present incident frame data on the Mobile Link

Display (1e) (parse, render, 1d).

[0330] Store incident frame data into the Mobile Link
database (1f)
[0331] Host a set of data management services upon the

Mobile Link database (1).

[0332] In some embodiments, data management ser-

vices are read/erase only; and services to modify inci-
dent data are not supplied.

[0333] Forward 12 lead ecg and vitals data to Field Link.
(1g)

[0334] Consume Zango data management services (15).

[0335] The following table lists and describes various ele-

ments of FIG. 30, described with respect to one embodiment
of the present invention.
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Notation
(FIG. 30) Description Notes
la Zango accessory Data management
accessory for ZOLL E
Series. Captures,
stores, and transmits E
Series data written to
the E Series data slot to
comnect the E Series
data to RNL.
1b Zango UDP/IP
transmissions over
WPA?2 secured 802.11.
1b Zango TCP/IP service
invocation response
transactions over WPA2
secured 802.11.
I RNL Zango Client RNL receiver of Zango
transmissions.
la, 1b, lc Zango channel
1d Zango parsing and Zango messages from
rendering engine the E Series are parsed
and rendered for acute
medical viewing.
le Mobile Link Display
1f Mobile Link Storage
1g RNL Protocol: Reliable
UDP/IP over secured
cellular networks.
1h RNL Field Link Server Mobile link message
receiver in Fleld Link
elvironment.
¢, 1g, 1h RNL Mobile Link to Field The RNL Mobile Link to
Link Communications Field Link Channel
Channel cormects Mobile Link to
Field Link using reliable
UDP/IP over secured
cellular networks.
1 Field Link Storage
11 Field Link parsing and
rendering engine
1k Field Link web server
11 Secured connection to
Field Link users
1m Field Link web viewer
[0336] FIG. 31 illustrates an EMS communication inter-

face transmission processing block diagram, according to
embodiments of the present invention. The E Series writes a
continuous byte stream of data to the PCMCIA Data Slot. The
byte stream consists of E Series data block messages some of
which are sent periodically and some of which are sent epi-
sodically. An example a periodic message is the ecg message.
The E Series writes the ecg values for the currently displayed
lead once per 100 ms, the message contains 25 data values
(250 Hz samples, 4 ms apart), according to embodiments of
the present invention.

[0337] Examples of episodic messages are the vital sign
messages. The E Series sends a particular vital sign message
when a particular vital sign parameter value has changed;
asynchronous messages are sent with no particular frequency,
according to embodiments of the present invention.

[0338] The byte stream is bifurcated at the input to the
Zango card. One branch stores data into an on board (16 MB)
linear flash, replicating all of the E Series linear flash opera-
tions. All data written is stored in the linear flash subsystem.
The interface is hardware level, instant on prepared to receive
and save the E Series byte stream to flash subsystem.
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[0339] The second byte stream branch goes into the pro-
cessor side ofthe Zango card. The processor side of the Zango
card functions to process the byte stream performing the
logical operations illustrated in FIG. 31. In the non-faulted
case the byte stream receiver passes bytes to the byte block
factory. The byte block factory re-constructs E Series data
block messages from the byte stream. In this operation, 12
lead ecg data blocks are reconstructed and managed on a
separate path to the incident path (sets of 12 lead data blocks
are collected into entire 12 lead messages). The 12 lead data
is entirely preserved in the case stream. One of the reasons for
storing them separately is to permit a service user to request to
see a 12 lead record on the service channel, rather than
uploading the entire incident to get the 12 lead data, according
to embodiments of the present invention.
[0340] Blocks are then framed into a configurable time
interval’s worth of data blocks. For example, frames of one
second in size might have on the order of 15 data blocks in the
one second frame. Frames are collected into constructs of
cases or incidents. Frames are stored in the Zango database.
Complete incidents are marked (collection of all incident
frames) and managed as incidents as they are completed.
Frames are also streamed on WiFi where they can be received
by authorized client applications, such as the RNL Zango
Client described, below, with respect to FIG. 32.
[0341] Theupperrow of boxes in FIG. 31 identify detection
and error handling processes for risk control of compromised
data faults, according to embodiments of the present inven-
tion. Byte stream, block, framing, 12 Lead, or incident error
all result in the following behaviors, according to embodi-
ments of the present invention:

[0342] Data is marked as invalid.

[0343] Invalid data is not rendered for a user to view

during the acute treatment phase of an incident

[0344] Data is stored marked as invalid for forensic
analysis.
[0345] Any one of these faults will cause the incident to

be marked invalid.
[0346] Acute medical personnel are informed of data
faults, assuming connectivity to RNL.
[0347] These are the control measures and behaviors that
trace directly to the hazard analysis for data compromised
faults, in one embodiment of the present invention.
[0348] FIG. 32 illustrates a EMS communications interface
device client architecture, according to embodiments of the
present invention. In some cases, Zango connectivity to RNL
may be volatile as a result of the nature of wireless commu-
nications in mobile environments. For example, an E Series
equipped with a Zango card may be moved out of range of the
wireless access point to which it had been connected. When
the device is back in range and reconnects, processing
resumes as illustrated. Data written by the E Series while not
connected to RNL is persisted in the Zango database and can
be obtained in RNL upon re-connect, according to embodi-
ments of the present invention.
[0349] Theupperrow of boxes in FIG. 32 identify detection
and error handling processes for risk control of compromised
data faults and communications faults. Integrity or framing
faults detected on the streamed data result in the following
behaviors, according to embodiments of the present inven-
tion:
[0350] Data is marked as invalid.
[0351] Invalid data is not rendered for a user to view
during the acute treatment phase of an incident
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[0352] Data is stored marked as invalid for forensic
analysis.
[0353] Either of these faults will cause the incident to

marked invalid.

[0354] Acute medical personnel are informed of data
faults for either 12 leads or case frames.

[0355] Acute medical personnel are informed of com-
munications faults.
[0356]
faults.
[0357] Service responses are validated and invalid service
responses are notified to the user and invalid data is not
displayed, according to embodiments of the present inven-
tion. Connectivity status between Zango and the Zango
Stream Channel Receiver is monitored and reported to users
on the Mobile Link Display. Lost connectivity between
Zango and RNL does not result in lost data as Zango stores
data in the Zango database regardless of connection status.
Service channel connectivity is not continuously monitored,
service requests will fail (response invalid) if service connec-
tivity is not present.

[0358] FIGS. 33-37 illustrate various embodiments of
screen shots available as viewed by the enterprise user 124 via
the enterprise workstation 122, according to embodiments of
the present invention. FIG. 33 illustrates an enterprise display
and graphical user interface shown when the enterprise user
selects the patient monitoring button (e.g. the “Zoll Defib”
button), according to embodiments of the present invention.
FIG. 34 illustrates an enterprise display and graphical user
interface shown when the enterprise user selects the patient
charting button (e.g. the “ePCR” button), according to
embodiments of the present invention. FIG. 35 illustrates an
enterprise display and graphical user interface shown when
the enterprise user selects the navigation button, according to
embodiments of the present invention.

[0359] FIG. 36 illustrates an alternative enterprise display
and graphical user interface shown when the enterprise user
selects the navigation button, according to embodiments of
the present invention. The display of FIG. 36 would corre-
spond to a display created when the BOA device 104 is not
communicably coupled with a navigation device; hence, in
this situation, the enterprise display lists the positional and/or
navigation information as input by the BOA 104 user. F1G. 37
illustrates an enterprise display and graphical user interface
shown when the enterprise user selects the patch notes button,
according to embodiments of the present invention. Accord-
ing to some embodiments of the present invention, the EMS
technician 114 who is interacting with the BOA device 104
need not select the patch notes screen and relay the informa-
tion to the enterprise user 124; instead, the enterprise user
may select the patch notes button via the enterprise worksta-
tion 122 to observe the same information.

[0360] FIGS. 38-44 illustrate additional examples of screen
shots displayed by BOA device 104, according to embodi-
ments of the present invention. FIG. 38 illustrates a display
and graphical user interface displayed when the user selects
the patient charting button of a BOA menu template, accord-
ing to embodiments of the present invention. FIG. 39 illus-
trates a display and graphical user interface displayed when
the user selects the patient monitoring button of a BOA menu
template, according to embodiments of the present invention.
As illustrated by the thumbnail twelve-lead image in the
bottom left corner, this BOA device 104 may be configured to

Acute medical personnel are informed of service
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display historical snapshots of past twelve-lead data, accord-
ing to embodiments of the present invention.

[0361] FIG. 40 illustrates a display and graphical user inter-
face displayed when the user selects the navigation button of
a BOA menu template, according to embodiments of the
present invention. FIG. 41 illustrates an alternative display
and graphical user interface displayed when the user selects
the navigation button of a BOA menu template, in situations
in which a navigation device 110 is not communicably
coupled to the BOA device 104. In such situations, the screen
of FIG. 41 is configured to permit a user to manually select a
destination, as well as select an estimated time of arrival,
according to embodiments of the present invention. This
information may be replicated or otherwise transmitted to the
corresponding enterprise view (e.g. FIG. 36), according to
embodiments of the present invention.

[0362] FIGS. 38-44 illustrate that a “shift start” button
maybe included on the BOA device 104 interface. The shift
start button may be used, for example, at the beginning of a
shift, in order to permit the EMS technician or other user to
communicably couple the BOA device 104 with other
devices, according to embodiments of the present invention.
FIG. 42 illustrates a display and graphical user interface dis-
played when the user selects the shift start button of a BOA
menu template, according to embodiments of the present
invention. In this screen, the user is permitted to select a
navigation device, a defibrillator device, and a patient chart-
ing device; in this screen, the user is also able to confirm the
identities of the devices to which the BOA device 104 is
already communicably coupled, as indicated in this particular
example by a checkmark next to the device name, according
to embodiments of the present invention.

[0363] FIG. 43 illustrates an alternative display and graphi-
cal user interface displayed when the user selects the shift
start button of a BOA menu template, according to embodi-
ments of the present invention. In this alternative display, the
BOA device 104 has sensed that a navigation device 110 is not
available or is disconnected, and thus prompts the user to
identify the EMS transport unit and/or the crew members
present with the unit. This information may be used in the
corresponding navigation screens for the BOA device (FIG.
41) and the enterprise environment 102 (FIG. 36). FIG. 44
illustrates a display and graphical user interface displayed
when the user selects the patch notes button of a BOA menu
template, according to embodiments of the present invention.
[0364] FIG. 62 illustrates a system for role-based data feeds
from a BOA device to EMS technician mobile devices,
according to embodiments of the present invention. BOA
device 104 receives streaming ECG data and other data from
the patient monitoring device 106, which may be accom-
plished wirelessly via an EMS communications interface
device 2000 as described above, according to embodiments of
the present invention. The BOA device 104 displays such
information on a screen such as the screen illustrated in FIG.
45.

[0365] FIG. 45 illustrates a display and graphical user inter-
face displayed when the user selects a live patient data button
of a BOA menu template, according to embodiments of the
present invention. This display includes a list of interventions,
adisplay of patient information, a display of chief complaint,
an ECG wave form and/or an SpO2 waveform, as well as a
button console (shown as extending vertically on the right
side of the screen) listing buttons for available patient inter-
ventions, according to embodiments of the present invention.
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The intervention button console may be dynamic and/or
color-coded. The intervention button console may also
include timers.

[0366] Forexample, when a patient’s airway is checked, the
EMS technician activates (e.g. pushes or touches) the “patient
airway” button on the intervention button console. The button
activates and displays a timer, which counts down to the next
time when the patient’s airways should be checked. This
amount of time may be customized by the user and/or pre-
programmed into the BOA module operating the BOA device
104 based on established treatment protocols for the locale in
which the patient is treated. Color may also be used; for
example, the buttons of the intervention button console may
be normally gray, and the “patient airway” button may turn
yellow as soon as the button is pushed and the timer activated.
The button may turn red within a predetermined amount of
time before expiry of the timer, for example one minute
before the expiration of the time period being timed. For
example, auser may look at the intervention button console of
FIG. 45 and see that doses of Epi and Atropine have recently
been administered, because those buttons are yellow and their
timers activated, while also seeing that the patient’s airway
was previously checked and is about ready to be checked
again, because that button is red. This permits the EMS tech-
nician to rapidly visually assess which interventions have
been made, as well as which interventions should (or may,
according to protocol) be considered in the near future, for
any point in time.

[0367] Different EMS technicians may have different roles
to play in an EMS scenario, based on their training or quali-
fications, the number of available technicians, and the status
of the patient. In the same way, a single EMS technician may
need to play multiple roles in an EMS encounter. Such EMS
technicians may more effectively and efficiently perform
their corresponding tasks if they are presented only with the
information related to their particular role, such that they do
not see extraneous information which they must mentally
process and filter, and such that they are not presented with
decision-making or data input options that do not apply to
their role. One way in which such role-based information
delivery may be accomplished is by providing each EMS
technician with a mobile device with software configured to
permit an interface with a BOA device 104 based on the user’s
role.

[0368] FIG. 62 illustrates examples of such mobile devices
communicably coupled to BOA device 104, including a lead
medic mobile device 620, drug medic mobile device 622,
airway medic mobile device 624, and CPR medic mobile
device 626, according to embodiments of the present inven-
tion. According to embodiments of the present invention,
each mobile device 620, 622, 624, 626 includes a Wil trans-
ceiver that communicates wirelessly with a WiFi transceiver
of BOA device 104.

[0369] FIG. 46 illustrates a start screen for a role-based
EMS technician mobile device 620 in communication with a
BOA device 104, according to embodiments of the present
invention. The software instructions contained on the mobile
device render this start screen to permit the medic to identify
the IP Address, send port, receive port, medic name, and
medic role, according to embodiments of the present inven-
tion. FIG. 47 illustrates a role selection screen for a role-based
EMS technician mobile device in communication with a
BOA device, according to embodiments of the present inven-
tion. A checkmark next to the “Medic—Iead” listing indi-
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cates that the user of the mobile device is the lead medic.
According to embodiments of the present invention, a pass-
word or other authentication may be required in order to
restrict role based on identity.

[0370] FIG. 48 illustrates a lead medic quick log screen for
a role-based EMS technician mobile device in communica-
tion with a BOA device, according to embodiments of the
present invention. The mobile device may be configured to
display a list of menu options, for example the menu options
shown extending horizontally along the bottom of the screen
of FIG. 48 permit the lead medic to choose Quick Log, ECG
Graph, Patient Data, Chief Complaint, and Medic Role.
These options may differ based the user’s role. When the lead
medic clicks on the Quick Log tab, the lead medic is presented
with an intervention button panel, according to embodiments
of the present invention. The quick log tab display replicates
the intervention button console of the BOA live ECG display
of FIG. 45, such that when a lead medic pushes an interven-
tion button on the mobile device via the screen of FIG. 48, the
same button (and corresponding timer and/or color) is indi-
cated as being activated in the BOA display screen of F1G. 45,
and vice versa, according to embodiments of the present
invention.

[0371] FIG. 49 illustrates a lead medic ECG graph screen
for a role-based EMS technician mobile device in communi-
cation with a BOA device, according to embodiments of the
present invention, which is displayed for the lead medic when
the lead medic selects the ECG graph menu button. Because
the lead medic’s role typically requires a broad swath of
patient information, the lead medic ECG graph screen essen-
tially recreates the patient data display screen of the BOA
device 104 of FIG. 45, according to embodiments of the
present invention. FIG. 50 illustrates a lead medic patient data
screen, which permits the lead medic to enter patient infor-
mation, including the patient’s name and gender, according to
embodiments of the present invention. FIG. 51 illustrates a
lead medic chief complaint screen which permits the lead
medic to identify the patient’s chief complaint, according to
embodiments of the present invention.

[0372] FIG. 52 illustrates a drug medic quick log screen and
FIG. 53 illustrates a drug medic ECG graph screen for a medic
who has identified his or her role as drug medic, according to
embodiments of the present invention. Because the medic has
identified a role of drug medic, the quick log screen presents
only a subset of the interventions which relate to drugs,
according to embodiments of the present invention. Although
the drug medic role accesses only a subset of the full set of
intervention buttons, the same intervention buttons are tied
together across the entire platform, according to embodi-
ments of the present invention. For example, if the drug medic
indicates that a dose of atropine has been given by tapping the
atropine intervention button on his mobile device 622, the
atropine button will turn yellow as activated, and begin a
timer, not only on his mobile device 622, but also on atropine
buttons of the quick log screen of the lead medic device 620
and on the intervention button console of the BOA device 104
display, as well as any other devices whose quick log screens
include the atropine intervention button, according to
embodiments of the present invention.

[0373] FIG. 54 illustrates a role selection screen in which
an airway medic role has been identified (e.g. by tapping or
otherwise selecting that option on the mobile device 624).
FIG. 55 illustrates an airway medic ECG graph screen, and
FIG. 56 illustrates an airway medic quick log screen listing
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the subset of interventions that relate to the airway medic’s
role, according to embodiments of the present invention.
[0374] FIG. 57 illustrates a CPR medic quick log screen
illustrating a subset of interventions that relate to the CPR
medic’s role, according to embodiments of the present inven-
tion. FIG. 58 illustrates a CPR medic ECG graph screen
during idle for a role-based EMS technician mobile device in
communication with a BOA device, according to embodi-
ments of the present invention. FIGS. 59-61 illustrate a CPR
medic ECG graph screen during administration of compres-
sions, which do not show the ECG wave form but instead
show measurement and/or evaluation of chest compressions
(because the CPR medic is concerned primarily with resus-
citation), according to embodiments of the present invention.
The CPR feedback provided by the screen interface of FIGS.
58-61 may take many different forms. For example, as illus-
trated in FIG. 59, vertically descending bars may be used to
represent depth of each chest compression, spaced horizon-
tally in a manner along a time axis. The chest compression
bars descend from an axis toward another set of axes, which
specify the desirable or optimal range of depth for each chest
compression. A qualitative indicator bar, shown in the upper
right, gives the user a combined visual feedback relating to
depth and rate of chest compressions; a full box means that
both the rate and depth are within desired limits. The letter
“R”on FIG. 58 indicates a potential alert regarding the rate of
the chest compressions, and the letter “D” on FIG. 61 indi-
cates a potential alert regarding the depth of chest compres-
sions, according to embodiments of the present invention.
According to embodiments of the present invention, the CPR
feedback screen of device 626 provides information about the
rate and volume of patient ventilation.

[0375]  According to embodiments of the present invention,
the patient monitoring device 106 and/or EMS communica-
tions interface device 2000 and/or the BOA device 104
includes a filtering mechanism (e.g. a circuit or processing
instructions) that filters or removes chest compression inter-
ference from ECG signal data. Embodiments of the present
invention may include a device or utilize a method similar to
those described in U.S. Pat. No. 7,295,871, issued Nov. 13,
2007, which is incorporated by reference herein. Embodi-
ments of the present invention may also employ Real CPR
Help® technology available from Zoll Medical Corporation.
[0376] The use of role-based information delivery and
intervention tracking permits a more efficient EMS treatment
scenario by filtering data based on role, according to embodi-
ments of the present invention. For example, the drug medic,
airway medic, and CPR medic do not have menu tab selec-
tions available for patient data entry or for chief complaint
entry, while the lead medic has those options.

[0377] Although only four mobile devices 620, 622, 624,
and 626 are shown in FIG. 62, the BOA device 104 may
communicably couple with a greater or fewer number of
role-based mobile devices. Also, although particular inter-
vention options and data feed displays are shown as being
related to particular roles, one of ordinary skill in the art,
based on the present disclosure, will appreciate the numerous
different roles that may be identified and implemented, as
well as the numerous different data feeds and/or options that
may be associated with each role. Further, mobile devices
(e.g. 620) may be configured to communicably couple with
multiple BOA devices 104 and/or to receive information for
multiple patients from the same BOA device 104, to permit
the medic to toggle between various patient data feeds and/or
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to treat different patients, possibly in different roles, accord-
ing to embodiments of the present invention.

[0378] According to embodiments of the present invention,
the software modules and hardware contained within the
BOA device 104 for feeding the data to and from the mobile
devices 620 may be consolidated into an EMS communica-
tions interface device 2000, and/or directly into a patient
monitoring device 106.

[0379] Various modifications and additions can be made to
the exemplary embodiments discussed without departing
from the scope of the present invention. For example, while
the embodiments described above refer to particular features,
the scope of this invention also includes embodiments having
different combinations of features and embodiments that do
not include all of the described features. Accordingly, the
scope of the present invention is intended to embrace all such
alternatives, modifications, and variations as fall within the
scope of the claims, together with all equivalents thereof.

What is claimed is:
1. A system for collecting and displaying emergency medi-
cal services information, the system comprising:
aclinical device configured to gather clinical data related to
a clinical encounter;

anon-clinical device configured to gather non-clinical data
related to the clinical encounter; wherein emergency
medical services information includes at least some of
the clinical data and at least some of the non-clinical
data;

a database;

a display device; and

a processor communicably coupled to the clinical device,

the non-clinical device, the database, and the display
device, the processor configured to receive the emer-
gency medical services information, store the emer-
gency medical services information in the database, and
display the emergency medical services information on
the display device according to an information template.

2. The system of claim 1, wherein the clinical device is a
defibrillator.

3. The system of claim 1, wherein the processor is further
configured to display on the display device a differential
diagnosis indication based on the emergency medical ser-
vices information.

4. The system of claim 1, wherein the information template
is stored in the database.

5. The system of claim 1, wherein the processor is config-
ured to display at least some of the clinical data and at least
some of the non-clinical data simultaneously on the display
device.

6. The system of claim 1, wherein the non-clinical device is
a navigation device configured to make available navigation
information, and wherein the non-clinical data is the naviga-
tion information.

7. The system of claim 1, wherein the non-clinical device is
apatient charting device configured to make available patient
charting information, and wherein the non-clinical data is the
patient charting information.

8. The system of claim 1 further comprising an emergency
services vehicle, wherein the display device is mounted in the
emergency services vehicle.

9. The system of claim 8, wherein the emergency services
vehicle is an ambulance, and wherein the display device is
mounted in a back section of the ambulance.



US 2011/0295078 A1l

10. The system of claim 8, further comprising:

an enterprise server communicably coupled to the proces-
sor, the enterprise server configured to receive the emer-
gency medical services information from the processor
and send the emergency medical services information to
an enterprise environment via a web browser interface.

11. The system of claim 10, wherein the web browser
interface is substantially similar to an interface displayed on
the display device.

12. The system of claim 10, wherein the database is a
mobile database, the system further comprising an enterprise
database on a storage medium, wherein the enterprise server
is further configured to store at least a portion of the emet-
gency medical services information in the enterprise data-
base.

13. A system for collecting and displaying emergency
medical services information, the system comprising:

apatient monitoring device configured to monitor a patient

and to make available patient monitoring information;

a patient charting device configured to make available

patient charting information, wherein emergency medi-
cal services information includes at least some of the
patient monitoring information and at least some of the
patient charting information;

a database;

a display device; and

a processor communicably coupled to the patient monitor-

ing device, the patient charting device, the database, and
the display device, the processor configured to receive
the emergency medical services information, store the
emergency medical services information in the data-
base, and display the emergency medical services infor-
mation on the display device according to an informa-
tion template.

14. The system of claim 13, wherein the patient monitoring
device is a defibrillator.

15. The system of claim 13, wherein the information tem-
plate is stored in the database.

16. The system of claim 13, wherein processor is further
configured to display on the display device a differential
diagnosis indication based on the emergency medical set-
vices information.

17. The system of claim 13, wherein the processor is con-
figured to display at least some of the patient charting infor-
mation and at least some of the patient monitoring informa-
tion simultaneously on the display device.

18. The system of claim 13, further comprising a naviga-
tion device configured to make available navigation informa-
tion, wherein the processor is communicably coupled to the
navigation device, and wherein the emergency medical set-
vices information further includes at least some of the navi-
gation information.

19. The system of claim 18, wherein the processor is con-
figured to display at least some of the patient charting infor-
mation, at least some of the patient monitoring information,
and at least some of the navigation information simulta-
neously on the display device.

20. The system of claim 18, wherein the navigation infor-
mation is information about location of an emergency medi-
cal services vehicle.

21. The system of claim 13 further comprising an emet-
gency services vehicle, wherein the display device is mounted
in the emergency services vehicle.

27

Dec. 1,2011

22. The system of claim 21, wherein the emergency ser-
vices vehicle is an ambulance, and wherein the display device
is mounted in a back section of the ambulance.

23. The system of claim 13, wherein the display device
includes a touch screen input device for sending instructions
to the processor.

24. The system of claim 13, wherein the display device and
the processor are part of a tablet PC.

25. The system of claim 13, wherein the display device
cycles display between an information template comprising
primarily patient monitoring information and an information
template comprising primarily patient charting information.

26. The system of claim 13, wherein the display device
cycles display between an information template comprising
primarily patient monitoring information, an information
template comprising primarily patient charting information,
and a patch notes information template.

27. The system of claim 13, further comprising:

an enterprise server communicably coupled to the proces-
sor, the enterprise server configured to receive the emet-
gency medical services information from the processor
and send the emergency medical services information to
an enterprise environment via a web browser interface.

28. The system of claim 27, wherein the web browser
interface is substantially similar to an interface displayed on
the display device.

29. The system of claim 27, wherein the database is a
mobile database, the system further comprising an enterprise
database on a storage medium, wherein the enterprise server
1s further configured to store at least a portion of the emer-
gency medical services information in the enterprise data-
base.

30. A system for collecting and displaying emergency
medical services information, the system comprising:

a patient monitoring device configured to monitor a patient

and to make available patient monitoring information;

a navigation device configured to make available naviga-
tion information about an emergency medical services
vehicle, wherein emergency medical services informa-
tion includes at least some of the patient monitoring
information and at least some of the navigation informa-
tion;

a database;

a display device; and

a processor communicably coupled to the patient monitor-
ing device, the navigation device, the database, and the
display device, the processor configured to receive the
emergency medical services information, store the
emergency medical services information in the data-
base, and display the emergency medical services infor-
mation on the display device according to an informa-
tion template.

31. A system for collecting and displaying emergency

medical services information, the system comprising;

a patient monitoring device configured to monitor a patient
in a medical emergency and to make available patient
monitoring information;

a display device configured for placement in a mobile
environment for deployment in the medical emergency;

an EMS device that does not monitor the patient but that
records or observes information about the medical emer-
gency, the EMS device configured to make available
EMS information based on recorded or observed infor-
mation; and
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a processor communicably coupled to the patient monitor-
ing device, the EMS device, and the display device, the
processor configured to display at least a portion of the
patient monitoring information and the EMS informa-
tion on the display device according to a data model.

32. The system of claim 31, wherein the EMS device is a
patient charting device, and wherein the EMS information is
patient charting information.

33. The system of claim 31, wherein the EMS device is a
navigation device, and wherein the EMS information is navi-
gation information about the mobile environment.

34. The system of claim 31, wherein the patient monitoring
device is a defibrillator.

35. The system of claim 31, wherein the EMS device is a
first EMS device and the EMS information is a first type of
EMS information, the system further comprising:

asecond EMS device that does not monitor the patient but
that records or observes information about the medical
emergency, the second EMS device configured to make
available a second type of EMS information different
from the first type of EMS information,
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wherein the processor is communicably coupled to the
second EMS device, and is configured to display at least
a portion of the second type of EMS information on the
display device.

36. The system of claim 35, wherein the first EMS device
is a patient charting device, wherein the first type of EMS
information is patient charting information, wherein the sec-
ond EMS device is a navigation device, and wherein the
second type of EMS information is navigation information
about the mobile environment.

37. The system of claim 31, further comprising:

an enterprise server communicably coupled to the proces-

sor, the enterprise server configured to receive the EMS
information and the patient monitoring information
from the processor and send the EMS information and
patient monitoring information to an enterprise environ-
ment via a web browser interface.

38. The system of claim 37, wherein the enterprise envi-
ronment is a hospital.
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