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SYSTEMS AND METHODS OF PROBUCING PATIENT ENCOUNTER RECORDS

BACKGROUND

[6061] Emergency care providers etilize a vantety of specialized medical devices fo treat the
patients they encounter. These specialized medical devices can inclode defibrillators,
ventilators, and automated resuscitation devices, among others, Delibrillators can be used o
reat patients who suffer from a shockable cardiac avchythmia, such as ventricular fbnilation
or pulseless ventricalar tachyeardia. Venttlators can be used 1o supply ogygen to patients who
have difficulty or are unable to breuthe unassisted. Some automated resuscifation devices can
perform cardiopulmonary resuscilation {UPR) chest compressions on patients who suffer
sudden cardiac arvest; especially where such patients need {0 be moved to other locations for
continued treatment,

{00621 Medical device case files arise gs a byproduct of enting patients with compuierized
medical devices, such as those described above, Medical device case files can document
medical deviee operation during a patient encounter, freatments delivered during the patient
encounter, and values of patient pararoeters measured by the wedical device during the patient
encounter. Medical device case files may be reviewed by healtheare providers during or alter
patient encounters o ain msight into patlent atlmenis and ultimately improve patient

ouicomes.

SUMMARY
{00631 In at least opne exanmple, a system for consolidating medical data from multiple devices
mvolved i an encounter between & patient and an emergency healthcare provider is provided.
The systen icludes a plurality of medical devices esch having one or more idensifiers. Hach
of the phuality of medical devices is vonfigived to oblain case data related to the encounter
between the patient and the emergency healtheare provider and transmit the obtained case data
o a server as one or more medical device case {iles. The system further inclodes g mobile
compuiing device having a medical device interface and a user interface. The mobile
computing device is configured to acquire, via the medical device mterface, one or more
representations of the one or more dentifiers of each medical device of the plurality of medical
devices, generate association information mcluding the one or move identifiers, and transmit
the association information © the server. The server tnchides af least ove processor and
mEnory (o execnte instructions for associating the one or move medical device case files, The

server is configured to be communicatively coupled with the plurality of medical devices and
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the mobie computing device. The server is further configurad 1o recerve and stove the ong or
more medical device case files from the plurality of medical devices, receive the association
informaton from the mobile conputing device, generate at least one search oriterion based at
least i part on the asseciation information to refate the one o more medical device case files
i one another, Wdentify the related one of more medical device cage files based on the genervated
at least one search criterion, consolidate the one or more medical device case files to produce
st fndegrated data source encountst structurs including case data from the related one or more
medical device case files, and transmit the integrated data sowrce encounter siracture for review
of the enconnter between the patient and the emergency healthcare provider o @ recpiving
computing devicg.

{0064} In the svstem, the receiving computing device can Include the mobile computing
device. The mobile computing device can be further configured o render 8t least a portion of
ihe inseerated data source encounter structure via the vser interface. The integrated data sourge
grconnter structure can include information other than patient information,

[O8S8] In the sysiem, the receiving computing device can tclude at least one medical device
of the plarality of medical devices. The receiving computing device can include & computing
device within s emergency response center. The association information can include a token
o access the integrated data source dncounter struchwre, The server can be further configured
1o veceive the token from the computing device within the emergency response cenler. T the
system, o transnnt can include to antomatically transmit the infegrated data source sucounter
structare to the computing device in response {o reception of the token. The mobile computing
device con be configured to transmit the token to the computing device witlin the emergency
response cenler,

{0086} In the system, to transmit the ong or more madical device case files can include to
iransmit ong or more sirspms of the obiained case data to the one oy more medical device cass
files. The integrated data source encounier stnsciure can include the one or more streams of the
olvained case data from the one or more medical device ease files.

[006°7] The system can further include a computing device including at least one user interface.
The conputing device can be configured to receive the integrated data sowrce sncounter
struciure; and render, subsequent to the encounter, at least a portion of the ntegrated data
source encounier structure via the ot least one user wterface. In the system, the pluality of
medical devices can inclade one or more of a defibrillaior, a patient monitor, an automaied
external defilwillator, a ventilator, an awtomated chest compression device, and a wearable

defibriliator.
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0B8] In the system, the association information can include pattent nfoymation. The patient
wformaton can include one or more of patient name, patient idemtifier, age, gender, weight,
helght, and past medical historv. The association mformation can include timestamp
information indicating when at least a portion of the one or more medical device case files was
cregted. The association information can include timestamp information indieating when the
one of more representations of the one or more idemiifiers of each medical device were
acqutred. The association information can fnclude geolocation information wdicating wheve
the mobile computing device was located when the one or more represenfations of the oneg or
more identifiers of eacl medical device werg acquired. The assocution inftrmation can include
genlocgtion infornation indicating where the mobile computing device was located when the
one of mowe represenpiations of the one or more wlentifiers of each medieal device wers
acquived. The association information can include geolocation information indicating where
the mobile conputing device was Tocated during the encounter.

(0069} In the systeny, the medical device interface can include af least one ofr a cumers, a nea-
field commumication sensor, 3 radio frequency identification sensor, a wniversal secial bus
connector, an infrared sensor, & personal area network sensor, o proximity detector, a
geplocation detector, and a wireless network connevior, The medical device interfice can
wetede a camera, and the one or more sdentifiers cay inchde one or move of a quick response
code, a bar code, and a device identifier,

00101 1o the system, the one or more identifiers of each medival device correspond to one or
nore upique device identifiers. The mobile computing device can be further configured ©
generste one of more log entries of the encounter. The mobie computing devige can be
configrred to transmit the one or more log entries to the server for inclusion in the ntegrated
data source encounter strugture. The server can be remote from the modils computing device,
{0011} In the system, the obiained case data can inchide physinlogical data tnchuling one or
mote of ECG data such as 12-lead BCG data, onvgen saturation data, capnographic data, and
hlood pressure data. The obtained case data van inclade treatment data including one or move
oft defibrilation data, drug infusion data, chest compression data, and ventilation data, The
obtained cate data can nclade performance data including one or more oft chest compression
performance data and ventlation performance data. The obtaned case data can include
protecied health information.

{0012} In at least one example, an aasociating server for consolidating medical data from an
encounter belween a patient and an emergency healtheare provider is provided. The server

tncludes a memory, a nepworking interface, and m least one processor communicatively
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coupled with the memory and the network ismterface. The wmemory stores gt least one database
configured to stove case data from a phaabity of medical device case fles recorded during the
encounter between the patient and the smergency healthcare provider. The & least ong
procassor is configured to receive, via the nelwork interface, the phaabily of medical devics
case files from a plurality of medicsl devices wsed to treat the patient daring the encounter,
store the case dats from the plurality of medical device case files in the ai least one database,
receive, via the network wterface, association information from a mobile cowputing device,
the association information mchuding at least one wdentifier of each medical device of the
plarality of medical devices, generate at least one search criterion based at least in part on the
association nformation o relate the plurality of medical device case f{iles to one another,
wdeniify the related plurality of medical device case files based on the generated at least ong
search criterion, consolidate the related plurality of wedical device case files 1o produce an
ttegrated data source encounter structure including atleast @ portion of the case data fom the
pluratity of medical device case files from the ot least one database, and transnui the integoated
data source encounter structure for review of the encounter between the patient and the
emergency healthcare provider 1o g receiving computing device.

{0013} I the associating server, to transmit the imtegrated data sowrce ancounier siructure can
melode to transmit the integrated data source encoanter struchure to the mobile computing
device. The integrated data sowrce encounter structore can include information other than
pattent information. To transmit the integrated data source encounder siructure can include o
transinit the mntegrated data souwrce encounter structure to at least one medical device of the
plurality of medical devices. To transont the integrated data source sucounter structure ¢an
inchude to transmit the infegrated data sowrce encounter structure (o a computing device within
41l STIETERNUY tesponse venter,

{0014} In the associating server, the association information can include 8 token to access the
titegrated data source encounter structure and the at least one processor can be further
configured to receive the token from the compuiing device within the emergency response
genter, To fransit can include (o avtomatically tansmit the integrated datg source encounter
structure to the computing device i respouse to reception of the token. To receive the phurality
of medical device case files can inclode to receive a plarality of streams of case data from the
plarality of medical devices. The miegrated data source encounter struchwe can nchude the
plurality of streams of case data from the phurality of medical devices.

{0615} In the associating server, the association mformation can inclade patient information.

The patient information can include one or more off patient name, patient identifier, ape,
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gonder, weight, beight, and past medical history. The association information can include
timestamyp information indicating when at leasta portion of the phrality of medical device case
files was recorded. The association imformation can include timestamp information indicating
when one of more representations of the at least one identifler of each medical devite wers
acguired. The association information can melude geolocation information indicating where
the mobile computing device was locsted when the one or more representations of the at least
o wdentifier of each medical device were acquired. The association information can inchude
weolocation information mdicating where the mobile computing device was located when one
or more representations of the at keast one identifier of vach medical devics were acquired. The
assoctation information can tuclude peolocation wfonmation indicating where the mobile
conpuling device was located during the sucounter. The one of more identifigrs of sach
medical device can correspond o one or more unique device identifiers.

{16 The assockting server can he remote fom the mobile computing deviee. In the
associating server, the case duta can include physiotogical data include one or more of ECG
data, oxygen safuration data, capuographic data, and blood pressure data. The case data can
include treatment data including one or wore of! defibritladon data, dieg infuston data, chest
conypression data, and ventilation data. The case data can include parformance data mcluding
one of more ofr chest compression petformance date and ventilation performance data. The
case data can include protecied health information.

0017} 1o at least one example, 3 mobile computing devics for consohdating case data from an
sncounier between a patient and an emergency healtheare provider is provided. The mobile
computing device inchudes 3 memory, 2 user iderface configured to receive nser imput
concerning the encoanter,  amedical device interfhee configed to acquive a representation
of an identifier of a medical device, a network imlerface, and at least ong processor
comymunicatively coupled with the user interface, the medical device interface, the network
interface, and the memory. The at {east one processor is configured to receive, via the user
irterface, mput to acguire g plurality of representations of o plurality of ideutifiers of a plurality
of medical devices involved in the encounter, store the acquired plurality of representations of
the plosality of identifitrs n the memory, generate association mformation inchuding the
plarality of identifiers, and trapsmit the association iformation to 2 server for associating and
consolidating the case data from at legst one medical device case file generated by the pluraluy
of medical devices during the encounter.

100181 In the mobile computing device, the at least one processor can be further configured to

receive, vig the network interface, an integrated data source encounter structure including at
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feast a portion of the case data from the at least one medical device case file; and render, via
the aser interface, at least a portion of the btegrated data source encounter strocture. The
integrated data source encountsy sirtcture can include information other than patient
informaton. The portion of the case data can include physiolomeat data mcluding one or mors
oft BOG data such as 12-lead ECG daty, ogygen saturation data, capnographic data, and blood
pressure data. The portion of the case data can include treatment data including one or more
of: defibrillation data, drug nfusion data, chest compression data, and veniilation data. The
portion of the case dafa can inclade performance dats chuding one or more of) chest
conyression performance data and ventilation performance data. The portion of the case dats
can inchude protecied health information,

[001%] In the mohile computing device. the sssociation infurmation can mclude patient
information. The patent information can inclade one or more of patient name, patiend
identifier, age, gender, weipht, height, and past medical history. The asscelation information
can inglude timestanmp information indicating when at feast a portion of the at lepst one medical
device case file was generated. The association information can include tmestamp information
indicating when the pluvality of representations of the pluratity of tdentifiers ofthe plorality of
medical devices wete soquired. The association information can include geclocation
information indicating where the mobile compating divice was located when the pluraliy of
representations of the phurality of identifiers of the phuahity of medical devices were acquired.
The association information can include geolocation information indicating where the mobile
computing device was located when the plurality of representations of the plurality of
identifiers of the plurality of medical devices were acquired. The associgtion information can
inchude geolocation information indicating wheve the mobile compating devive was Tocated
during the encounter. The association infermation can invlude a foken (o access an integratad
data source encounter siructure inclade at least a portion of the case data from the at east ong
medical device case file and the at {east one processor can be conflawed to ransmit the ioken
10§ computing device within an erergency response center,

10026} 1n the mobile computing device, the medical device terface can include at least ove
ofl @ camera, a near-field communication sensor, a radio frequency ideptification sensor, a
umversal sertal bus connector, an Infrared sensor, a personal area network sensor, a proximity
détector, & genlocation detector, and a wireless network connector. The medical device
interface can include a camers, and the phushiy of identifiers can inclade one or more of a
quick response code, & bar code, and a device wdewtifier. The plurality of identifiers of the

plurality of medical devices can correspond to one or more unique device identifiers. The at
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feast one processor can be farther configured to generate one o more loy entnes of the
encounter. The at least one processor can be configured to transmit the one or more log entries
o the server for inclusion in an integrated data source encowter structure Includmy at feast s
portion of the cass data from the at least one medical devics case file. The mobile computing
device can be ramote from the server.

00211 T at least one exanple, a computer implemented process for consolidating case data
from an encounder between & patient and an emergency healtheare provider is provided. The
computer tmplemented process includes recelving, via a user mterface, mpwl (0 acquire a
plurality of representations of a pluralty of identifiers of a phirality of medical devices
involved in the encounter, storing the acquived plurality of representations of the plurality of
identiffers in g memory of the computer, peveraling association information comprising the
plurality of wdentiffers, and transmitting, via a network imerface of the compuater, the
gssociation mformation to a server for associating and consolidating the case data from at least
one medical device pase file penerated by the plurality of medical devices during the encounter.
j0022] The computer implemenied process can futher include regeiving, via the network
interface, an integrated data source encownter structhre including at least a portion of the case
data from the at Izast one medical device case [ile; and rendering, via the user interface, at least
& potiion of the integrated data sowrce encoumer stracture. I the compuier implemented
process, receiving the integrated data source eucounter structure can melude receiving
tformation other than patient information. The computer tmplemented process can farther
trchude recaiving, via the network mferfice, an integrated daia sowrcs sucouwnter structure
comprising af least a portion of the case data fton the at feast one medical device case file and
rendering, via the user interface, st least a portion of the integrated data source encounter
structure.

{0023} In the computer implemented process, receiving the integraied data source encountsr
stractare can inchide receiving information other than patient information. Rendering the at
least a portion of the case data can include rendering physiclogival data comprising one or move
oft BOG data such as 1 2-lead BOG data, oxvgen saturation data, capnographic duta, and blood
pressure data. Rendering the at least a portion of the case data can inchude rendering treatment
data comprising one or more ofr defibrillation data, drog infusion data, chest compression data,
and ventifation data. Rendering the at least g portion of the case dats can include rendering
performance data comprising one or more oft chest compression performance data and
ventilation performance data. Rendering the at least a portion of the case data can jachude

rendering protected health information,
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J024] In the computer implemented process, transmitting the association information can
include fransmuiting patient information. Transoutling the patent informaton can include
fransmitiing one or more of) patient name, patiend idenuifier, age, pender, welght, height, and
paxt medical history. Transmitling the association mformation can mclade transmitting
tirnestanyy information indicating when at least a portion of the at least one medical device case
file was generated. Transmitting the association information can include lransmutiing
tmestamyp information indicating when the plurality of representations of the plusality of
wdentifiers of the phashity of medical devices were acquired. Tranemitting the association
nforniation can include transmitting geolocation information indicating whete the mobile
computing device was located when the plurglity of representations of the plurality of
wenttifiers of the plamality of medical devices were acqudred. Transmitting the association
information can include transmitting gedlocation information indicating where the mobile
computing device was located when the pluvality of representations of the plurality of
identifiers of the plurality of medical devices were acquired. Travsmitting the association
information can include transmitting geolocation information indicating where the mobile
computing device was located during the encounter. Transmitting the sgsociation information
cay include transnutting & token o access an integrated data sourge encounter structurs
meloding at least a portion of the case data from the at least one medical device case file and
the computer implemented process farther comprises ansmitting, vig the network interface,
the token o a computing device within an emergency response center,

[0025] fn the computer implemented process, receiving inpul 1o acquire the plurality of
representations can include receiving wpat viz at leay one of a camera, a near-feld
cotnanication sensor, a radio fequency Wdentification sensor, a universal serial bus comector,
an infrared sensor, 3 personal ares network sensor, 3 woximity detevior, & geolovation detertor,
and a wireless ngtwork connector. Receiving imput 1o acquire the phuradity of representations
can include recefving input via a camera, and the plurality of identifiers comprises one or more
of: a quick respouse code, a bar code, and a device identifier. Receiving nput (o acguive the
plurality of representations of the pluraluy of Weutifiers can nclude receiving input to acguire
a plurality of representations of a phaality of unique medical device identifiers,

{8026] The computer implemented process can forther include genersting one or more log
entries of the encounter. The computer implemented process can further include transmitting
the one or mote log entriey fo the server for inclusion in an infegrated data source encounter
strocture incloding at least a portion of the case data from the at least onte medical device case

file.
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8271 In at Jeast one example, & movn-fransitory congnder-readable storage mediam s
provided. The non~transitory computer-readable storage mediom stores instructions configured
o sxecute the computey implemented process described above. In some examples, the non-
transtory computer-readable dorage medium is incorporated inte & mobife computing devics

remote from the server referenced in the computer implemented process.

BRIEF DESCRIPTION OF THE DRAWINGS
JHI28] Variows aspects of the disclosare are discussed below with reference io the
accompanying figures, which are not intended to be drawit 1o scale. The figures are included
o provide an lustration and a further understanding of various examples and are
weorporated moand constitute 3 pat of this specification but are not intendded to limut the
scope of the disclosure. The deawings, together with the remainder of the specification, serve
1o explam principles and operations of the described angd claimed agpects and examples. In
the figures, each identical or nearly identical component that is iHustrated in various fligwes is
represented by a like numeral. For purposes of clarity, not every component may be labeled
in every flewre, A guantity of each component i a particular Bgure i an example only and
other quantities of each, or any, component could be used.
[0029] FIG. 1 is a schematic block diagram of & medical records system m accordance with at
least one example disclosed herain.
FO030] FIG. 2 is g record lavout disgram of one example of association mformuation In
accordance with at least one example disclosed hersin,
{031 FIGS. 34 and 3B are diaprams iliustiating emergency medical scenes in which a
healthcare provider acquires of representations of medical device identifiers from variowus
madical devices in acordance with at lgast one exmmple disclosed herein,
(0032} FIG. 3C 15 a data How diagram dlastrating the flow of maedical device case files and
data from a plorality of medical devices o 2 medicat device case file data store.
[0033] FIG. 3D i5 a data flow diagram Hlustrating the processing and fow of case data from
the medical device case file data store of FIG, 3C 10 an integrated duta source encounter
struehire.
[0034] FIG. 4 i3 a flow diagram illasirating a case file consohidation process i accordance
with at least one example disclosed hevein,
10035} FIG. S& 15 3 flow disgram of a case file consolidation process execated by @ pattent
encounter data source integration service in accordance with at least one example disclosed

herein.
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jB836] FIG. 5B i3 a flow diagram of a case file consolidation process executed by a patient
sncounter data soarce Integration service in accordance with an example inydlementation that
identifies o medical device case file that includes medical device identifiers that match medical
device identifiers included in association informativn.

{00371 FIG. SC i o flow disgram of a case fHe consolidation process execnted by @ patient
encounier datg source imtegration service in actordance with an example implementation that
identifies medical device vase {iles that include a case start time and a case end time that are
within a target time range that is defined based on case start and end times included in
association wformation.

{0038} FIG. 5D is g flow diagram of a case file consolidation provess executed by o patient
encounter dala source megration seovice in accordance with an example implamentation that
identifies medical device cage files that include (3} medical device identifiers that match
medical device identifiers included i gssociapion information, and (b a case start time and a
vase end thve that are within a target time range that is defined based on case start and end
times inchuded in association information,

[0038] FIG. 6 is a Now disgram of a case file data source infegration process execwted by a
patient sncounier data sourte integration service in accondance with at least one exampls
disclosed berein.

10048} FIG. 7 ia a flow diagram of case file data source integration provess executed by a
pattent encounter datn source integration service in accordgnce with at least one example
disclosed hersin,

{0411 FIG. & iz a flow diagram of a consolidation process executed by a medical device, a
charting device, and a patient encouster data source integration service in sccordance with at
least oie example disclosed hergin,

(0042} FIG. 2 s a view of a aser nterface screen provided by an ePUR applicatins 1o request
confirmation of one or more medical device case files v accordance with al least one example
disclosed herein,

10043} FIG, 10 i3 a Bow diagram of a case file consolidation process executed by a charting
device and 1 patient encounter daty source infegration service in accordance with ut least one
example disclosed berem.

{0044} FIG 11 s a flow diagram of a consolidation process with user confirmaation exeouted
by a charting devics and & patient encounter data source integration service in accordance with

at least one example disclosed hevein.
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{0451 FIG. 12 15 a How dingram of a case file data source inegration process executed by a
patient encounter data source integration service in accovdance with at least oue example
dizclosed herein.

[0046] FIG. 13 i a Oow diagram of a case file data source integration process exevuted by a
patient encounter data source integration service in accordance with at least one example
disclosed herein,

{00471 FIG. 14 1s a flow diagram of a vase file data source integration process execuied by a
patient encounier data source mtegration service i accordanee with at least ong example
disclosed herein.

10048} FIG. 13 is a3 How dingram of a case {ile associsling process executed by a patient
encounter data sowrce integration serviee in avcordance with at least one example disclossd
hevein.

HI40] FIG, 16 15 a Dlow diagram of a case file data source integration process execuied by a
patient encounter data source integration service in agcordance with at least one example
diselozed heredrs,

{0050} FIG. 17 ix a flow diagram of a consolidated data shaviag provess executed by a patient
encounter data source integration service in accordunce with at least one example disclossd
herain,

{0081} FIG. 18 i a schematic block diagram of examples of compating and medical device
components with which at least one example disclosed hergin may be implemented.

[052] FIG. 19 15 a schamatie block disgram of a medical enviromnent for ransmitting data
records, in gocordancs with at least ong example disclosed herem.

00831 FIG. 36 iy a schematic block digprany of another medical environment for travsmitting
data records, tn socordancs with at least one exaniple disclosed herem,

{0054} FIG. 21 i a schematic block dingram of another medical environment for franumitting
data records, in accordance with af least one example disclosed herein.

[0055) FIG. 22 15 a view of a user imterface screen provided by a local data collection
application in accordance with at least one example disclosed herein,

{IIS6] FIGS. 23A, 23B, and 24 are views of user inferface screens provided by a remote data
collection application i accordance with at least one exawple disclosed herein,

[0087) FIG. 25 15 a flow diagran of data record transmission between local and remote devices

in accordance with at least one example disclosed berein.

DETAILED DESCRIPTION

11



WO 2021/202490 PCT/US2021/024833

jO058] Medical device case files generated during the course of a medical emergency
sheouter come i a variety of forms generated from different sources and include a wealth of
medical data that can miomy patient freatment and fmprove patient owcomes by provading
healtheare providens with a more complete perspective regarding any given patient sncounter,
Huowever, practical Hmitations to the convenience, accessibility and ultimate wse of medical
device case files exist, especially within the field of emergency medical services. In accordance
with embodiments of the present disclosure, a healtheare provider may be able {o gain sccess
toan integrated data struciure that incorporates the medical data {or other relevant dala) sourced
from multiple devices {gp.. defibrillatov/monitor, venttlator, documenting device, el
associated with the same patient encounter, while the patient encounter i1s happening andéor
after the encounier bhay finished. This real-time consolidation of daia mto an ntegrated data
stractare of the encounter may he particularly advantageous for the healtheare provider(s) to
gssess the overgll state of care for the patient and make appropriate adjustments. In various
embodiments, more specifically, a healtheare provider may use g mobile computing device ©
effectively associate together muliiple devices used at the scene of a patient encounter. These

associations may be sent to a server executing & data source integration service, which is also

reveiving medical data from the multiple devices, to use the device associations and producs
an inteprated data structire that conselidates together the received medical data Fom the
multiple device sources. The integrated data structare may be continuously updated over time
as the case encounter progresses, and further transmitted to the mobile computing device(sy of
the healthcare provider(s) andfor another remote computing device {g.g., for telemedicing,
teleheslth purposes).

{0053 For example, consider an ilustrative seenario of a crew of emergency nedics! services
{EMS) healtheare providers in an ambulance being called npon to treat a patient suffering from
an emergency medical condition {e.g. cardiac artest, trawama, respivatory distress, drug
overdose, elc.} and to transport the patient {0 a hospital, During the cowse of this emergency
gncounier, the treatment provided by healtheare providers is sonmetimes adoinistered via one
or note computerized medical devices. These medical devices can record and locally stove
case files as open daty structures that inclade case data {e.g., streaming in real-time andfor for
post-case review that docurmnenis significant events within, and other relevant information
reparding, the encounter. Thus case data For real-time strewnmuing gndfor post-ciise review cam
include physiological parameters of the patient acquived by sensors accessible by the medical
devices during the encounter, data regarding treatment adiministered 1o patients via therapetic

devices controliable by the medical devices during the encounter, data regarding performance
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of the EMS healthcare providers, protected health information (PHID, and data regarding
important milestones  {e.g., codefevent warkersy within the encounter. Examples of
physiological parameters stored within case data for real-time streaming and/or post-ass
review inchude heart tate, electrocardiogram (ECG) traces, blood presswre dali, capnographic
dats, {emperature, bood-oxyegen data, and the like, Examples of treatment data stored within
case data for reabtime streaming andior post-case review include defibrillation data, drag
tfusion data, chest compression data, snd ventilation data. Exaraples of performance data
stored within case data include chesi compression performance data, ventiiation performance
data. and tmely drag infusion infonmation, gtnongst others. As this Hlustrative scenario makes
clear, a wide variety of valuable vase data can be generated by a variety of medical devices
ivolved in a patient encounter. However, accessing thuy case data, particularly in real-time as
the patient encounter wfolds, can be finpractical for EMS and other healthoare providers
hecause the medics] device case files containing the medival data are scattered across multiple
devices and lack organization for inwnediate access by the relevant healthcare providess.
j068] While some medical devices are capable of trinsiniiting the wmedical device case files
(e.g., data struchues i o realtinie streaming formaty they senerate 0 8 centralized storage
focation {e.¢.. a server), extablishing 3 linkage hetwesn medical device case files documeanting
a particular patient encounter can be troublesonmie, particelarly while the encounter is happening
or iminediately after the encovnter. There ave 3 wide variety of computerized medical devices
tn use with varyving degrees of openness and interoperability. Moreover, for some EMS
agencies the number of madical device cass Hles, which ars continuously heing updated, may
be large even within a relagvely short time window. For example, an EMB ageney in @ major
metropolitan arex may have on the order of 104 defibrillators deployed with 10-20 or more
concurrent patient encounters.

{0061} Given the hife or death imporiance and fevel of stress associated with some patient
encoupiers, establishing an inmediate, real-time {ink between medical device case files {which
nwy melude continuously stremming dita stractures for mid-case review during the patient
encounier) can be a powerful way 1o enhance the overall experience of the healtheare provider
particatarly duging the case encounter, and uliimately the quality of patient care. Thas, at lsast
some of the examples disclosed herein enable a healtheare provider 1o use & mobtle conmputing
device conligured with g patient encounter device association application to locally associate
together each of a plarality of medical devices used 1o provide freatment to the same patient,
and as a resull, epon commmumicating with 8 server based patient encounter data source

titegration service, produce an integrated data source encounter structure that inghudes all ov at
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lenst a portion of the medical data relevant to the particalar patient that is generated from each
of the plurality of medical devices. As discussed herein for various embodiments, the integrated
data source encounter strucinre may include a consolidaied data structure that miegrates
medical dita generated from different device sowrces at the same time, all corsssponding to the
same patient encounter, This allows a healtheare provider to view relevant daty avising from
multiple devices associated with the patient encounter i a real-time streaming context andfor
during posi-case review,

[62] As described in further detadl below, a bealtheare provider Jocated &t an emergency
scene may use a mobile computing device to effectively associate data genevated from nwiltiple
medical devices, which associated data can subsequently be integrated into a single hntepraied
data sowrce encounter siruchire ypon ansnussion 1o g server exsculing a service configured to
generate encounter structwes. Thus, an integrated patient encownter structure consolidating
data from the multiple medical devices can be made available for the healthoare provider
located at the scene andior hesltheare providers located remotely, over the course of the
cmergency event anddor for post-case review. As an example, the healtheare provider may use
histher mobile computing devics to acquire an idestifier, or a representation thereof, of each of
a plurality of medival devices usedlocatad at the sceng. The mobile device exgcuting a patient
encounigr device association application may then associate each of the pharality of medical
devices together using the identifving infonmation, and transmit assoctation wiormation (0 a
server sysiem executing an encounter data source integration service, which can be one or more
computing devicss located at & remote location. This association information can nchude a
variety of informational elements, such as 4 token that uniguely identifies the pateut encounier,
the identifiers of the medical devices, timestanip information associated with the patient
encounter, peclocation miormation that wdentifies a geographical location of the patient
encounter, and potentially other information associated with the patient encounter. The server
system may separately receive medical device case files {which may be continuously updsted
in real-time) from each of the medical devices located at the emergency scene and which are
gssociated with the patient encounder. The server system may also happen o receive other
medical device case files generated from other sonrces that are not associated with the patisat
encounter. Based on a generated search crierion that hnks the association information
uploaded by the encounter device association application of the mobile computing device, the

server system may search amongst the repository of medical case files/information and identify

the related medical device case files associated with the particular patient enconnter, From the

tdentified related medical device case files, the server may produce g single integrated data
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source encounter structure for immediate review of the relevant datafevents, for example, by
the healtheare provider located at the emergency scene andfor another relevant healtheare
provider {e.g., cliniclan avadable via telemedicing). As such, the imtégrated data source
encounier structure may be reviewable via, for example, a aser mnterface of the muobils
computing device, & user interface of one of the medical devices, or & user inferface of o
computing device remate from the scene. Accordingly, the healthcare provider does not have
to request or otherwise find the medical data associated with the patient encounter either at the
server or at each of the plurality of medical devices. Rather, the relevant medical data may be
made nunediately available o the healthcare provider upon using histher mobile devige 1o
effectively link the appropriate medical devices and their relevant case file data together.
{0063} FIG. | illustrates 2 medical records system 100 that includes and implements a patient
encounter data source integration service 130 and devide association generalors 1424 and
1428 as part of respective patient encounter device association application{s} 1530A and 1508
of the mobile computing devices 104 in accordance with some examples. The system 10,
according to examples of the present disclosure, can associate case files from multiple, different
medical devices 10ZA-10IN w one another 1o generate integrated daa source structares of
patient sncounters. These consolidated medical records not ouly document patient encounters
but also provide healthcave providers with information needed to improve patient oulcomes.
As shown in FIG. 1, the medical records system 100 includes ong or more mediead device(s}
T2A-TU2N, one or more mobile computing devices 104A-104C, a remote computing devige
106, and one or maore server{s) 108 coupled 1o one avother via 3 network 112 Each of the
miedical devive(s} 102A~102N 15 configured o couple to oue ormore patient interface device(s)
IOOA-POON that are, it configured (0 couple 1o 8 patient 116 during 8 patient encounter.
For ease of reference, each of the medival device(s¥IOZA-102N, the mobils computing
device(s}) 104A-104C, the patient encounter device association apphication(s} 130A-1308, ;mud
the patient interface device(s) 190A~ 190N may be referred to berein collectively as the medical
devices 112, the mobile computing devices 104, and the pavent interface devices 194,
Individual members of these collectives may be referred to generically as a medical device 102,
a mobile computing device 104, a patient sncounter device associgtion application 130, and
patient interface devices 190,

{0064} The system 100 further includes server(s) 108, which may be located remotely from the
mobile computing devices 104 and the medical devices 12, For instance, the server(s) 1K
may be housed i a datacenter that provides power and network connectivity to the servei(s)

108, As shown in FIG. 1, the server{s) 108 can be configured o host one or more of a medical
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device case application programming interface {APD) 126, an ePCR API 128, a patient
encounter data source integration service 130, a wedical device case data store 132, a patient
charting data stove 134, a criteria data store 136, an gvent log API 144 and an event log data
store 146, The remote computing device 16 can be configured to host & health recovds data
stare 110, which can receive and siore medical data for 8 patient’s medical record. In st least
one example, an associating server of the server(s) 108 hosts the patient encounter daid source
tntegration service 134,

[068] At least some of the svstem [ advantageousty leverage aspects of association
information to ientify ¢ase data. In cmbodiments of the present distlosure, a mobile
computing device 184 may include a patiens encounter device association gpplication 150 that
mchades association generaior(s) 1w generate the association mfvrmaton. As such, to aid the
reader’s understonding, a description of association information and the parts of the medical
records system 100 that eriginate association information is provided prier to a description of
the data source infegration processes executad by the patient encounier data source integration
service 130 and other parts of the system 100

(00661 In some examples, associstion infornwmtion fncludes any element of data osefnl W
determine whether two or more medical device case files were genersted within a particular
patient encounier. As such, a wids varisty of data can be charactarized ax association
information, in various examples. For instance, in some examples, association information can
include one or more identifiers of a medical device 102 that generated g case file, information
regarding a patient freated during a patient encounter (e.g., patient name or other identifier of
a pafient, age, gender, weight, haighi, andfor past medical nstory), mestamp information
recorded during the patient encownter (2., 8 timestanp indicating when at least s portion of &
madical device vase file was created andfor a imestamp indicating when the one or more
identifiers of the medical device 102 were acguired), geolocation informuation recorded during
the patient encounter (c.g., a geotay wentifving a geographic location where the mobile
compaiing device 104 gequired the one or more identifier of the medical device 102, andfor a
token by the patient encounter device association applicstion 130 of the wobile computing
device 104 during the patient encowter (e.u., 8 universally unigee identifier (UUID) or data
that uniquely identifies the patient encoumier). Association information can also inclade
portions of event log data andfor charting data, which are discassed 1 further detat] below,
10067} Association information can originate from a wide variety of sources. For inslance, in
some examples, the association generators 1424 and 1428 of the respective encounter device

association applications 150 are configured to generate association information upon reguest.
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In some examples, the requests can be embeddad within systeny messages recetved from othey
processes hosted by the system 100 {e.g., the ePCR application 122 andfor the event log
application 140, In these examples, the association generstors 1424 and 1428 are configured
{0 generate requested slement{s) of association information {e.g., a token identilving a
particudar patient encounter) and refurn the requested element(s} of association information to
the requesting process. In some examples, requests for association information can also be
input recstved from g user nterfuce of a mobile computing device 104, In these examples, the
assoctation generators 1424 and 142B are confipured {o generate the requested association
information and store the assocation information locally for subsequent processing,
Alternatively or additionally, in some examples, the ePCUR gpplication 122 andfor the event log
applicationr 140 are configured 1o peperate asseciation witrmation via execulion of their
encoanter dovumentation processes. Examples of association wformation genevated by the
¢PCR application 122 andior the event log application 140 can inclade patient demographic
andéor physiologic information, among other types of information collected by the ePCR
application 122 and/or the gvent loy application 140 as discussed herein.

(0068} FIG. 2 Hlustrates one exaniple of a record of association information that the association
gengrators {424 and 1428 are configured to genevate individually, or in collaberatzon with the
ePCR applicatson 122 andfor the event lop application 140, As shown in FHG. 2, the association
information record includes an encounter 1D field 202, a fist medical device 1D field 214, a
first timestamp Held 206, a second medical device 1D feld 208, and a second timestamp field
210, In this example, the encounter 11 field 202 is configured o store a token (here a VLD,
the Brst and second medical device 1D fields 204 and 208 are configured to store medical device
servial numbers, and the fivst and second timestamp felds 206 and 210 ave configured to store
timestamps it may be used to associate case {Hes relevant to the same patisnt encounter
together. As will be undernstood in view of FIG. 2, ihe association information revord 200
relates the first and second medical devices and their respective tmestamps with the patient
encountsr uniquely tentified by the encomster 1D 202, Further, as will be explained in detail
below, gach <maedical device 1D, timestamp> value pair within the association information
rocord 208 provides the patient encounter data sowrce integration service 130 with the
information needed to identify, with high confidence, the medical device case files generated
during the patisut encounter identified by the encouater 10 202,

10069} Retarning to FIG. 1, in some examples, the patient encounter data source integralion
service 130 iy confipured to monitor for and receive association information. For instance; i

some examples, the patient encounter data source integration service 130 is configured to
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monitor the charting data store 134 andior the event log data store 146 for mbound association
nfornagon received via the network 112, Altematively or additionally, the patient encounter
data source integration service 130 can be configured fo receive messages from the ePCR AP
128 andfor the event log API 144 comprising association information recerved via the network
112, Regardless, the inbound association information can be, for example, sourced from one
or more new or modified ePCRs or event logs generated and transimitted by a mobile computing
device 104, Alternatively or sdditionally, the inbound association information can be sourped
from discreie messages transmitied, for example, by one of the association generators 1424
anit/or 1428, The operation of these programs within the context of & realistic usage scenario
is described in more detail below,

[0076] To handle the inbound asscciation informations, the patient encounter daty sourcs
integration service 130 15 configured 10 execute one or wore provesses that altempt to idenufy
case datg within the case daja store 132 that origingted from one or more case files penerated
during a patient encounter associated with the nbound association mformation. Examples of
these processes are described in detail below with reference to FIGS. 4-17. The patient
encounter data sowrce infegration service 130 can be configured 10 take one or move of several
actions in response o identifving vase data that was generated during the patient encountsy
associated with the inbound association miormation. These actions may nchide producing
consolidated medical data inclading the case data and/or combining the case data with charting
data saddor event tog data, storing the consolidated medical data {e.g., in the charting data store
134 andfor the event log data store), transmiiting messages including the consolidated medical
data i the form of an integrated daia source sncpunter structure or portions thereof, andfor
travsnitling wessages inchuding the case duta or 1dentifers of the case data. These messapes
can he transmitted to @ mobile computing device 104, a medical devive 102, andior the remote
compating devics 106 (e.g., fr storage in the health records daia store 110} via the network
112 and one or more of the ePCR APL 128, the event log API 144, and the case APL 126, These
snd other pctions that the patient encounter data source imegration service 130 mav be
coufigured to take i response to identilying corresponding case daty ave also described in

detai] below with reference to FIGK, 4-17.

EMS Exanple

{0071} b some examples, the healtheare provider 1I8A, who for example may be an EMS
technician, canvattach the patient nterface device(s) 190A-190N (e.y., physiological sensors,

BCG sensors, SpO2 sensors, capnography sensors, blood pressure sensors, ete.) coupled 1o one
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or more-of the medical devices 182 to the patient 116 to montor andfor reat the patient 116
This treatment may mvolve the medical devices 102 and certain aspects such as events and
othgr information may be documenied by the healthears provider 11R8A via the PCR
application 122 andfor the event log application 144 of one of the mobile computing devices
104,

[0072] As discussed herein, g nunmiber of different types of medical devices 102 may be
smploved, such as those more specifically Wustrated in FIGS. 3A-3C. For example, as
discussed herem, 3 defibrifllatos/monitor 3028 may collect a variety of different types of data
including patient information (e.g., name, gender, sixe, weight, age, height, medical history,
et ). physiological information {e.g.. ECG waveform, BECO suapshots belore andior after
certain nodable events that are marked anuotated for review, heart vate. oxyvgen saturation data,
C02 data, blood pressue data, amongst others), treatment Dnformation {e.g., drog nfusions,
electrotherapy evenis, start of chest compressions, start of ventilations), and healthcare
provider performance mformation (e.g., avemge chest compression depth, average chest
compression rate, percentage of chest compressions in target for depthivate, average release
velocity, pre-shock CPR pause, post-shock CFR pawse, vemlation ddal volume dwin,
ventilation minute volume data, ventilation rate data, drag infusion tming, 8c.), 1o name a few,
The ECG waveform andfor BECG snapshots may be captured ustng 10 or move electrodes
coupled to the patient’s body o geverate a standard 12 Jead report. & portion or all of the
information collected by the defibrillator/monitor 3028 may be uploaded as it is acquired o
one of more server(s) via 8 network (e.g., the server(s) 108 and netwark 112 of FIG. 1,
confinuousty, regularly, axd/or post-case), as medical device case files, which may be updated
at periodic intervals. Bach medical device case Hle can have dentifving information, for
example, s identifier of the device frony which the case file originated, Hmestamp dats relevant
io the start, end, length of time of the patient encounter, mudfor geolocation information of the
device during the patieni encounter. An example of an appropriate defibrillator/monitor is the
X Series™ defibrillator/monitor, provided hy ZOLL Meadical Corporation, although ather
suitable defibrillator/monitor devices may be used in accordance with the present disclosure,
{737 As dlustrated in FIG. 3A, other medical devices located al g scene sending continuous
reql-time data to the server(s) 108 for consolidation with other case files relevant to the patient
encounter may include, for example, o ventilator 302C, an gutomated chest compressor 3024,
andfor other medical devices. For instance, the ventilator 312C may collect and send to the
server(s) 108 (continuoasty, regularly, andior post-case) varioas types of data as it s acquired

stcluding patient information (e.g., mame, gender, size, weight, age, height, medical history,
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gic.), physiological information (e, heart rate, oxygen saturation data, CO2 data, amongst
others), trestment nformation {e.g., fraction of inspived oxygen, peak inspiratory pressure
settings, tidal volome, minute volume, ventilation rate), and/or other refevant information. In
various examples, the ventilator 3020 may have functionality similar to that of the Z Vent™
Ventilator, provided by ZOLL Medical Corporation, but other ventilators may be emploved.
The awtomated chest compressor 3024 may also ansoit {continuousty, regularly, andfor post-
gase} certain types of daty as Bt iy acquired including pavient informaiion, physiolegical
information, treatment information such as chest compression setiings (e.g., depth, rate, duty
cyele, ete), andior other relevant information. In certain examples, the sutomated chest
compressar 302A may have functionality similar to that of the AutoPulse™ chest compression
devige, provided by Z0LL Medical Corporation, but nther suitable chest compression devices
may be used. Stnular to the defibrilistor/moniior 3028, sach devices may transmit a portion or
all of the information collected o the serverfs) 10¥ as medical device case files, each with thew
owa identifyving information. As a result, the information periinent o the particular medicsl
gmergency may be grouped and consolidated ogether, with the original healthcare provider
that started to the association having real-time sccess o the fnfonmation, along with other
appropriate personuel either located af or remiote from the scens.

{0074} As shown i FIG. 3A, dorng an emergency medicat event, the healtheare provider
118A emplovs the sutomated chest compressor 3024, the delibrillator/moniior 302B, and the
veatilator 302C on a single patient {e.g., the pattent 116 of FIG. 1), As discussed herein, the
sutomated chest compressor 302A way be used to sdminister chest conypressions 1o the palient
acconding to specified compression depth and rafe parametess, without requiring the healthcare
provider to provide mamual compressions. The defibrillatorimonitor 302B may be connected
to the patient vig defibrillation electrodes andior other patient sensors for colleding
physioclogical information and {o monitor the patient, for example, in assessing whethear the
patient is suffering from a Hfe-threatening cardiac arthythmia. The ventilator 3020 may
provide oxygen to the patient through an intubation tube or mask. Each of these medical devices
3024, 3028, 302C is configured to collect data relevant to the patient sucounter snd may
upload this data, for further processing, to a large central repository of case files stored on the
servesis) 10§,

{0078 The healtheare providers 118A located at the scene of the patient sncounter may further
be using their reapective mobile computing devices o generate other mformation, such as
creating log entries of notable events through s documentation tool andior entering in patient

information vig a charting tool for ePCR. Such records may also be uploaded along with the
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other medical device case files to the contral repository of the server{s} 108, Nomually, another
user would have to sift through this repository of case fifes and match information from the
various {iles with one another for further viewing, however, examples of the present disclosuwre
allow for the case files pertment to the particular patient encotmier fo be associated or otherwiss
linked together and consolidated inio a single record, for viewing realtime, duving andéorafter
the patient encounier,

{0076} For wstance, gs tustrated in FIG. 34, the healthcare provider 118A located on scene
uses the mobile computing device 14B executing an encounter device association apphication
{e.g., & patient encowtter device association apphication 150 of FIG. 1) 1o penerate association
information that may be used by the server(s) 108 to pilece together the case ftes of the patient
encounier. For exanple, the healtheare provider 118A can, before, duting, or after the patient
encoanter, move from yedical device to medical device to scquive vepresentations of each
medical device using 8 medical device iterfice included with the mobile computing device
1048, For instance, the healtheare provider FISA can scan (e.g., sequire an image of) a first
aquick response {QR) code affixed to the defibriflator/montor 302B using » camera {hat is part
of the mobile compuating device [O4R ronning the encounter device assodiation application,
Or, the healtheare provider 11SA can position a near-feld communication (NFO) reader
mcluded in the mobile computing device 1048 executing the encounter device association
application proximal to an NFC tag affixed to or boused within the defibrillatorimonitor 3028
i acquite g magnetic signofore that identifies the defibrillator/monitor 3028, Next, the
healthcare provider 1 18A can move to the avtomated chest comprassor 302A aad interact with
the mobile computing device 1048 executing the encounter device association application o
scan & quick response (QR} code affived 10 the automated chest compressor 3024, O, the
hegtthoars provider 118A can position the NFC reader included in the mobile computing devics
1048 executing the encounter device association application proximal to an NFC tag affixed
i or boused within the aptomated chest compressor 3024 1o acqnire a magnetic signatwe that
identifies the antomated chest compressor 302A, Lastly, as shown 1 FIG. 34, the healthcare
provider 1184 can move 1o the ventilator 302C and position the NFC reader included in the
mobile conyuiting device 1048 executing ihe encounter device association application
proximal to an NFC tag affixed to or housed within the ventilator 302C {o scquive a magnetic
signature that identifies the ventilator 302C. Alternative to the NFC iag, the healthcars provider
118A can use the mobile computing device 164B executing the encounter device association
application to scan a goick responge {QR} code affixed to the ventilator 302C, It should be

noted that the mmage and magnetic signature acquisition deseribed ghove s quick and
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Hahtweight by destgn, as tine 3 of the essence in some emergancy patient encounters. Ly these
sitaations, the healtheare provider FI8A may not be able or willing to establish a robast, bi-
directional, and fully authenticated network communication session with each medical device
involved in a patient encountet. In adihiion, these Hehtweipght conmmanication mechanisms
provide additional security to the medical devices, 1 that they cannot be wilized to back the
medical device due to the unidirectional comnwnication and Himited fonctionality they provide.
{077 Altematively or addinonally, in some examples illustvated by FIG. 3A with combined
reference fo FIG. 1, the healihcare provider 118A can use the mobile computing device 1048
executing the encounter device association application (o scquire the representations of the
wdentifiers of the medical devices by supplving approprigie input o a user interfice provided
by any of the svent log application 140, the ePUR application 122, or either of the asseciation
generators 142A and 142B. In vanous examydes, each of these programs is configured fo
receive input indicating a request to aoguire a representation of an wWentifier of n medical device
and to respond to sech a request by controlling the medical device terface 1o svan for or
otherwise obtain representations of identifiers. The QR codes scanned {or relevant identifving
tmes obtained) in this manner can be stored v associstion infonmation along with a token
idestifiving this particular patient encounter and tmestamps that indicate the time at which the
reproseniations werg acquired. Other information that can be stored 1y the assoeiation
information inclodes a geotag indicating the geolocation of the mobile computing device 1048
at the time of acquisition of each representation. Afler the association information is complate,
the program responsible for #s creation can store the association information locally {2.g.
within local event log data, eharting data, or as distinet association miformation) andéor wansmit
the association information 1o the server(s} 108 via ait appropriate interface {e.g., the ePCR
AP 128 anddor the event log APL 144) as distinct association information or in association with
andior embedded in charting data andfor event log dats. It should be noled that the
represeptations of the medical devices can be sequired at any fime during 8 patient encounter
or, insome case, even bafore or after the patient encounter. In some examples, the user provides
g confirmation to the mobile computing device TO048 o generate and transinil the association
iformation to the appropriate server(s), for associating case {iles relevaut o the particular
{)ilﬁi.’i[’fi ENCOUIHET,

{0078} In some examples, after goguinng representations, converting them o dats that
identifies the medical devices 302A-302C, and recetving user confirmation, the mobile device
1048 executing the encounter device association application generates association information

fe.g., as Husteated w FIG. 2)and transmits the assceiation information {o the server{s) 10¥ via
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the network 112, In some examples, the mobile compating device 1048 can recetve from the
server{s) 108 vig the network 112, in real-time, an integrated data source encounter structure
that ncludes mformation from medical device case files gensrated by the medical devices
302A-302C during thelr treatment of the pathent 116, In these examples, the server(s) 108
providing the encounter data source Integration service are configured 1o generate and fransmit
the inteprated dats sowrce encounter structure auteenatically in response to reception of the
association infornwation.

{791 In addibion, as shown in FIG. 3A, the server{s) 108 can be configored {0 transail the
integrated data source encounter struciure 10 the mobile computing device 104C to enable the
healtheare provider 1188 to provide support 1o the healtheare provider 1A, to prepare to
receive the patient 116, and/or for telemedicine purposes. {n some examples, the encountsr
review application 148 is configured to recetve the integrated duta source encounter structure
froun the server(s) 1% and provide the healtheare provider 1188 with the Integrated data source
encouniet structure via a user migrface of the mobile computing device 104C. Tn at least some
examples, the encounter review application 148 can inclode RescueNet® Code Review
provided by ZOLL Medical Corporation. In sowe awbodiments, the encounter yeview
application 148 may be coincident with the encounter device association application, in that
the same sofiware application may be used to both generate association information and fo
review consolidated data of the integrated data source encounter structore.

{00861 In addition, examples of the present disclosure may allow for data gensrated from
medical devices that are applied to the patient at different times during the emergency o be
conselidated. FIG. 3B illustrates an example in which the emergency encounter 1s segmented
o three distinet phases 3134, 3158, and 313C. Ty phase 3134, o patient {e.g., the patient
116}, whe s not currently in the hospital, suffers from a medical emsrgency. such as sudden
cardige arrest. Tn xach a sttuabion, it is ravely the casa that # large swath of appropriae medical
devices is invmediately present. In fact, it 13 more likely that only a bystander 300 with very
little medical experience is available to help. The bystander 300 may have the presence ol miund
1o find a public access avtomated external defibriliator (AED) 30213, for example, stored in a
nearby wall cabivet and to call emervency medical services (EMS}. The bystander 300 may
then apply defibrillation elecirode pads to the victim and administer CPR, according 1o step-
by-step instructions provided by the AED, examples of which may include the AED Plus® or
ZOLL AED 3% public access AEDs, provided by ZOLL Medical Corporation. In some
examples, the AED 302D may collect data such as BCG waveforms of the victim, number of

defibrillation shocks provided, ECG snapshots associated with the defibrillation shocks, and
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chest compression performance mformation, and may apload such wformation 1o the server(s}
108 with associating capabilities, as further described herein,

[0081} Once EMS arvives in phase 3158, the healthcare provider 118A can use the mohile
computing devics 104 exgooting & patient encoamter deviee association application to quckiy
aoquire a representation of an identifier of the AED 302D (e g, scan QR code identifier, obiain
NFC or radio frequency identilication (RFIDY tag wdentifier) seeking to access the case dafa
stored therein via the mobile computing device 104 aceording to the examples deseribed hevein.
In addition, the healtheare provider 11KA, who has more medical trmuning, may employ a
professional grade defibrillator/monitor 3028 and sttach ECG electrodes (e.g.. 12-lead, 3-
lead), along with other sensors such as blood pressure and $pO2 sensors, for more advanced
care and physivlogical monitoring. Upon arrival, the more advanced defibriaten/monitor 3028
may also collect data such as, for example, eart vate, ECG waveforms of the victin, namber
of defibrillation shocks provided, BECG snapshots associated with the defibrillation shocks,
blood pressure readiugs/trends, oxygen saturation rveadingsitrends, drug infusions, chest
compression and ventilation performance information, smongst others. Such information way
be uploaded o the appropriate server{s) 108 with associating capability on a continuous andfor
repular basis as data s npdated over time during the patient encounter. In accordance with
aspedizs of the present disclosure, the healthcare mrovider 118A may ose a mwobile computing
device 104 executing the encounter device association applcation to obtain identifiers (e,
scanmned QR:bar codes, acguisition vig NFC connection or RFID) of the AED 302D and the
defibrillgtor monitor 3028, for the encounter data source integration servics o associnte the
two devices and the correspoiiding case files/data contaming the relevant patient and freatient
inforpiation with the specific emergency event,

{0082} In phase 313C, EMS may decide that the victin requires immediate hospital care, snd
ihus may bagin transport via an ambulance that & further squipped with the automated chest
compressor 3024 and the ventilator enit 302C for care en route to the hospital. As discussed
herein, in various examples, the automated chest compressor 302A may provide chest
cotapressions according to pre~specified parameters, and the ventilator unit 302C niay monitor
oxveen saturation and beart rate levels of the victim and administer automated vemilations, for
example, with user assistance. The healihears provider 118A may further use the mobile
computing device 104A executing the encounter device association application o obiain
identifiers {e.g., scanned QRDar codes, acquisition via NFL connections) of the awlomated
chest compressor 3024 and the ventilator 3020, so that the encownter data source ntegration

service is able to sssociate an additonal two devices and the respective case files contatmag
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patient and freatment nfonnation with this particular ewmergency event. The healtheare
provider 118A may further request using the wobile device 104 for the encounter data source
integration service 0 associate together the information generated by the four separaie devices
for the particular emergency victinvevent, where the server(s) 108 with assoctating ability can
consolidate the medical data provided from the uploaded case files o an integrated data
source encounier structure. The resulting integrated date source encounter structure may then
mchude all of the pertivent data relating to the patient 116 who was weated by the bystander
31 and by EMS, and even Turther by the hospital {not specifically elucidated in this example}
wiiich may einploy even mote niedical devices in the ¢mergency, In various examples, this
integrated data source encounter structure could be sent to the appropriste healtheare
provider(s), located suther iy proximity or remotely from the victim, for real-time andi/or post-
case review. FIGS. 3C and 3D, which is deseribed further below, iflustrates an example flow
of data in some of these exgmples.

00831 More specifically, FIG. 3C is a data flow dingram that dlostrales transnussion and
storage aciivities of some examples. Asshow in FIG. 3C, the medical devices 302A-30410 each
generate respective case files 304A-304D, which may be updated on 8 continvons andior
repular basts over the course of the patient encounter. Each of the case files 3044-304D
mehedes case data generated by its associated medical device during an encounter with the
patient 116, for example, as illostrated in FIGS, 34 and 3B, For example, the case file 3044
stores case data recorded by the aufomatic chest compressor 302A. The case file 304A ncludes
case data records that docurens an identifier of the automatic chest compressor 3024, events
detected by the awtomatic chest compressor 302A, details reparding those evemts, and
simestamps that indicate the fime when each eventwas detected. As Hlustrated in FIG. 3C, the
types of evenis that autonsatic chest comprassor 3024 defects and records in the case file 3044
inwlude start‘power on evends, endipower off events, and configuration of asutomated
compresston settings. The automated compression settings can include depth, rate, and duty
gyvele, among other settings. In varlous embodiments, the device 302A continuously apdates
ihe case file 3044 as it acquires datg, which & in tum uplogded 10 the server executing the
patient encounter data source integration service.

{00841 Continuimg with FIG, 3C, the case file 304B stores case data recorded by the
defibrillator/manitor 302B, which may be wpdated on a continuous and/or regular basis over
the course of the patient encounter. The case fite 3048 inchudes case data records that document
ann identifier of the defibrillator/monitor 2B, events and parameters detected by the

defibrillator/monitor 3028, details regarding those events and parameters, and timestamps that
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indicate the time when each event or parametsr way detected. As Hhustrated in FIG. 30, the
types of events and parameters that defibrillator/monitor 3028 detects and records 1 the case
file 304B 1nchude start'power on events, endipower off evenis, measurements of the patient”™s
bload pressure (nvasive and non-imvasivel, pualse oximetry of {he patient (instantaneous wnd
irends), end-tidal carbon dioxide readings of the patient {instantaneous and trends), therapy pad
attachment events, information reparding the therapy pads atiached to the patient, information
descriptive of electrotherapentic shocks delivered to the patient, data descriptive of manual
CPR compressions delivered {o the patient, data descriptive of maneal ventilations
adnsinistered 1o the patient, ECG snapshots descriptive of the patient’s cardiac activity recorded
proxumal o {e.g., within 10 seconds before and after) an electrotherapentic shock, a mode of
operation (automatic or nanual) of the defibrillatormonitor 302R, ECG mibrmation of the
patient recorded independent of electrotherapeutic shock delivery, capnography information of
the patient, and therapy pad detachment events. The ECG information andéor ECG snapshots
may be used to create a 12-lead ECG report associnted with defibrillator/monitor 3028.
Accordingdy, the patient record (e.g., that includes case file 304B) may inchide the 12-lead
BCG report. The blood pressure measurement can be systolic andior diastolic, The information
reparding the therapy pads can include the make, model, type, and impedance of the therapy
pads, The iformation deseriptive of the electrotherapentic shooks can inchude the munber of
joules delivered and the impedance encoumiered. The data descriptive of the manual
compressions can include average depth and average rate. The data descriptive of the manugl
ventilations can include average tidal volume and average vent rate. In various embodimenis,
the device 328 continuously updates the case file 3048 as it acguires data, winch 13 i1 tum
uploaded to the server execnting the patient encownter data source fegration service.

{0085} Continuing with FIG, 3C, the case file 304C stores cass dula revorded by the ventilatw
302C, which may be updated on a continuous anddor regular basis over the course of the patient
encoanier, The case file 304C includes case data records that document an dentifier of the
ventilator 3030, events and parameters detected by the ventilator 3020, details regarding those
gvents and parameters, and timestamps that indicate the time when each event or parameter
wis detected, As Hlastrated in FIG. 3C, the types of events and parameters that ventilator 302C
detects and records in the case fle 304¢C include start/power on events, end/power off events,
configuration of ventilator settings, pulse aximetry of the patient (instantaneous and trends),
end-tidal carbon dioxide readings of the patient {instantanecus and trends), and capnography
information of the patient. The ventilation settings can nclode tidal vohume, rate;, peak

inspivatory pressure, peak end-expiratory pressure, and fraction of inspired oxygen. In vanious
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emabodiments, the deviee 302C coptinuously updates the case file 34T as # acquires daty,
which 15 i b aploaded 1o the server executing the patient encownter data sowrce integration
service.

[8086] The case file 3041 stores case data recorded by the AED 3020, The case fils 304D
imchades case data records that document an identifier of the AED 302D, events and parameters
detected by the AED 302D, details regarding those events and parameters, and timestamps that
indicate the time when sach event or parameter was detected. As illustrated m FIG, 3C, the
types of events and parameters that ARD 302D detects and records i the case file 304D include
staft/power on everds, endfpower off events, therapy pad attachment and detachment events,
information regarding the therapy pads attached to the patient, information descriptive of
electrotherapeutic shocks delivered to the patient. The information descriptive of the
electrotherapeutic shocks can inchude the mumber of joules defivered and the impedance
encouniered.

JOUR7] fn combination, the case files 304A-304D a chronology of care received by the patient
116 during the patient encounter. The case data stored in the case files 304A-304D is provided
for purposes of iHustration only, and the exsmples described herein are not Tmited o this or
any other type of case data.

[0088] In some examples, each of the case files 304A304D is parsed and imported into a Case
data store {e.g., the case data store 132 of FIG. 1), This parsing and imporiation process
goeounds for the many differsnces in format mind content between the vartous case files 304A-
3043 and stores the case datn included in the case files, andior coples of the case files
themselves, in the case data store. As shown in FIG, 30, the case files andior case data can be
stoved according 1o-any of a variety of data types, models, and formats. Also a¢ shown i FIG.
3C, the case data siore can store casg {iles and data {rom various other medical devives 306,
While thay standardized and centralized source of case hiles and data provides many advantages,
the inclusiveness of the case data store also gives vise to a need for a mechanism fo efficiently
search for, and find, case files and data with pamicular conunonalities of tnterast, such as case
files and data having originaied from a single patient encownter.

{085 FIG. 3D is o data flow disgrem that dlestratey associating, integration/consolidation,
and reporiing activities of some examples. As ibusirated in FIG. 3D, a patiest encounter data
source infegration service {eg., the patient encounter data sowrce integration service 130 of
FIG. 1) can be configured to atilize association information to seareh for, and find, case files
and data generated during a particular patient encounter and stored within the case data store

311 The case data store 311 is one, non-hinuiting example of the case data store 132 ol FIGL 1.
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Ax shown in FIG. 3D, the case data store 311 inclodes a table 307 that listy ease files imported
and stored in the case data stove 311 This wble stores identifiers of the medical devices that
originated the case fes, o tmestamp nformation with the medical device casg file, a uniquse
wentifier of the case file and a copy of the case file stored as & binary large object (biob). The
case data store 311 also inclades additional tables that store case data parsed from the case files
for easy, rapid, and standardized access. Table 309 iHusirates one exaniple of such a wble,
which stores configuralion seiting used by an awiomated chest compressor, according 1o one
example. Other table lavouls and overall database schema can be used with the various
examples disclosed herein, whigh are not hinmsted to @ particular approach 1o crganizing case
data,

{8096] Asshown in FIG: 31, the patient encounter data source integration service is configured
10 receive and parse association inforvnaton 301, In these examples, the patient eacounter data
sonrce ifegration service can be further configured {0 use the parsed association information
te.g.. device identificrs and timestamps) {0 search for and identify, within the case data store
132, the medical devices involved in a paticnt encounter corvesponding to, and identified by
the association ivformation. The patient eucounter data source integration service can be further
configured to associate case files generated by the identified medical devives 1o one another
angd to generate an mtegrated data sowrce encoanter structore 308 that inchudes case data from
the various, associated, case files andior copies of the case files themselves. Details of the
operation of the patient encounter data source integration service 130 are provided Further
helow, but as illustrated in FIG, 3D, the intggrated data sowrve encounter structurs 308
generated in some examples includes at least a portion of the caze data from each associated
case file. Using thiy integrated data sogrce enconnter structare, healtheare providers, such as
the healthears provider IR can review, for example, shocks administered while the patient
116 was being traated by the bystander 38, shocks administered winle the patient 116 wag
heing freated by the healthcare provider 118A on scene, and other treatment provided to the
patient 116 while en route 1o a hospital,

100911 FIGS. 3A-3D generally Wustrate some examples of using & mobile devige o identify
multiple medieal devices and receive data from the maltiple devices that can be combined into
an integrated case data report. However, # should be understood that other pre-generated data
records andior data reports may be received by any moebile computing devices on-scene with
the patient 116, as well as by any remote mobtle computing devices, sach as those used by
healthcare professiopals at a hospital, Examples of such pre-generated data records nelude 12~

lead ECG reports that may be generated by the delibrillator/monitor 3028, Generally, a 12-
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lead BCG report provides a picture of the electrical conduction within a patient’s heart based
oun glectrical megsurements from 12 leads placed on the patient’s body, Six of the 12 leads are
comsidared “Himb leads™ because they are placed on the anus andior feps of the patient. The
other six leads are considered “precordial leads™ because they are placed on the torse
{precordium).

{0092} The [2-lgad ECG report nay include electrical waveforms collected from each of the
12 leads on the putient. In some examples the {2-lead ECG report also inchudes ong or more
mterpretations of the waveforms to provide fast and convenient analvais for the user. These
one O more interprefations may involve patiern recogitition from amongst the different
waveforms, which may genarate alerts ov indicators if a particular portion of a waveform has
an abnormal pattern suggesting sonte forny of heart damage. In some examples, the 12-lead
ECG report s one part of the integrated case data vepont, as described above.

{0931 FIGS. 19 21 dlustrate exarple medical enviromments that invelve communication of
patient data between medical devices used at a particular location, such as an ambulance 1902,
and the remote computing devices 1914, The data transfer may be facilitaed by soffware
applications instatled on both local computing devices 1906 and remote computing devices
1914, as will be discussed in move detail herein. Example user interface screens for the software
applications are discussed with reference to FIGS. 22 - 24,

10094} FIG. 19 tlustrates one exanple medical environment 1900 that involves wireless local
aren network {e.g., WIFD communication of patisnt data between one or more medical devices
and 2 logal computing device 1906, and also the data conununication with remote computing
devices 1914, Any number of remote computing devices 1914 may receive medicabrelated
data via the network 1912, To the ilhustrated example, 1 remote compoting devices (Jabeled
1914-1 to 1914-n} are identified. each baving a remote daty collection application 1916-1 1o
1916-n. Returning to the site wheve a patient may be located, a local computing device 1906
having a local data collection application 1908 13 used to collect data from ove or more local
medical devices. In the lustrated example, a defibrillator/menitor 1904 has been set wp to
mouttor a phyvsiclogical state ol a patient, The monttoring can mvolve the collection of various
types of data, inclading collecting BECG data from a 12-lead messurament. An example of an
appropriate defibriflatorsmonitor is the X Series™ defibrillator/monitor, provided by ZOLL
Medical Corporation, although other suitable defibritlator/monitor devices may be used in
accordance with the present disclosure.

{0095] Any of the local computing device 1906 or the remote computing devices 1914 can

tnclude g tablet, smartphone, wearable device, andior other mobile computing device andfor a
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combination of mobile devices that can execuie applications described hevein and compnmicate
wirelessly with other compumnication devices over shortrange or long-range wireless
networks. The local computing device andfor the remote computing devices 1914 mav have
the same componaits as deseribed above for the mobile computing devices 104A ~ 140 In
some examples, the local compitting device 1906 represents a tablet or smariphone used by 2
paramedic or other similar firstresponder that is assisting a patient within the ambulance 1902
or at any location where the patientis. In some exaniples, the remote computing devices 1914
represent tables, smartphones, or PUs used by medical professionals at a remote location, stuch
as at a hospital ov olinic,

{8896] Data collecied by the defibrillator/monitor 1904 may be formaited as a record or report
o provide meamnghud imformation to both local and remole users. In some examples, the
defibrillator/monitor 1904 generates a 13-lead BCG report 10 provide waveforms andfor
analvsis of waveforms collected from a 12-lead apparatus. In the ustrsted medicyl
environment 1900, tlus report is fransmitted via wirgless conumunication protocol to g local
wireless rowuter 1910, Any other local computing devices having the local data collection app
190X installed miay also conumunicate wirelessly with the router 1910 to receive the 12-lead
ECG report. §n stne examples, the 12-lead ECG report is encpyptad io ensure confidentiality
of the medical data-and 1s decrypied at the mobile compating devige 1906 wiing the local data
collection app 1908 or stand-alone decryption software. Once recetved, the 12-lead BECG report
nay be viewed on the local computing device 1906, In some examples, the local data collection
app 1908 also faciitates the temwsler of the 12-lead ECG report to the ons or more remofe
computing deviees 1914 via the network 1912, For exanple, the 12-ead ECG report may first
be wansnuited via & wireless communication protocol fo the roater 19140, or 10 any other router
in the vicinity of the local computing device 1906, and then transmitied from the router 1910
to the remote computing devices 1914 via the network 1912,

10097} In some examples, the router 1910 is password-protected fo ensure that only authovized
devices can connect with router 1910 and receive data reporis generated by the
defibrillator/moniior 1904, For example, for the local computing device 1906 to conumuanicate
with the router 1910 to recetve the data reports, 1t most first provide the vequisite password o
ostablish the wireless connection with the router 1904, Ouce the password is entered ongce, it
may be remembered for future engapements such that 1t does not need o be entered again o
extablish the counection with the routey 1910 when the local computing device 1906 1s within

range of router the 1916,
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J0%8] Although deseription above bas primarily discussed the acquisition and transmission of
2 12-lead BECG report, it should be undersiood that any measured patient parameters can be
acguired and transmittad by the defibrillator/monitor 1904 o the local computing device 1906,
Addwopally, in some examples, any other measured patisnl parameters can be organized into
one or more reports of records. Some examples of other measured patient parameters include
respiration/breath rate, heart'pulse rate, blood-oxygen (SpQOu) saturation, methemoglobin
{(SpMET) saturation, carboxvhemeglobin (SpCO)Y saturation, end-tidal CO» {(ETCO:) valpe,
fractional inspired carbon dioxide (FiCOh) valoe, temperature, and ivasive or non~invasive
bloond pressure. The tansniitted data may include wavetorm snapshets of particular relevant
events hased on the measurad data.

{0099} In some examples, data reports or records penersted by the defibrillatorimonitor 1904
are transmiited automatically to the local computing device 1906 upon being generated. In
other words, there is no waiting for a request 1o be received for the datg before transmitting it.
Accordingly, any local computing devices having the local data collection app 1908 mstalled
will receive any transimitted data reports or records generaled by the defibrillatovmonitor 1004
without any teraction required by the user. In some examples, auser may opt out of receiving
the data reports or records using the local data collection app 1908,

{0186} In some examples, the network 1912 can inclode one or more communication networks
through which the router 1910 and the remote compuiing devices 1914 can send, receive,
andfor exchange data, I various implementations, the network 1912 can include a cellular
gompmutcation network andior a computer network. In some examples, the network 1912
includes and supports wireless network andior wired connections. For instance, m these
examples, the setwork 1812 may support one or more setworking standards such ag G8M,
MDA, USB, BLUETOOTH, CAN, ZigBee®, Wireless Etherngl, Ethernst, and TCRIPR,
among others. The network 19012 may inclade both private metworks, such as local area
networks, and public networks, such as the Internet. it should be noted that, in some examples,
the network 1912 may inclade one or more intermediate devices fovolved in the routing of
packets frow one endpoint to another. However, in other examples, the nepwork 1912 can
imvolve only o endpoints that each have a network connection divectly with the other. In
some examples, the network 1912 fncludes one or more server devices that may act as
intermediny checkpoiats Tor the wedica] data, records, or reports transferved from the router
1910 to the one or more remote compating devices 1914, For example, an BECG medical report
related to & particular patient may be regceived by a server hosted in a secure domain. The server

miay store the received medical report as pant of o larger wedical record for the given patient
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that includes other data previously stoved regarding the patient. The server may pass on either
the received BECG wedicad report or the larger medical record to sny of the ong or more remote
computing devices 1914,

{0161} In somwe examples, the remuote computing devices 1914 melude the remole dais
collection app 1916 1o receive medical daty, records, sndfor reports via the network 1912, The
remoie data collection app 1916 may include much of the sawe functionality described above
for the local data collection app 1908, For exawple, the remote data collection app 1916 may
recetve medical data measured from the defibrillator/monitor 194 as a report or record that
can be displayved 0 a2 user with punimal or no isteraction required by the user. In some
examples, the remote data collection app 1916 may provide an alert or notification 10 & user
whenever 3 new data report Is received. The alert may change depending -on deternunsd
characteristics of the data report. For example, when a new 12-lead ECCG data report is received,
ihe alert may have an increased volume or g different tone (o signify troubling patierns detected
i one or more of the waveforms that demand immediate attention by the user. The troubhing
patterns may be detecied using one or more pattern detection algorithms that compare the
deiecied wavelorms to predefined waveforms known o represent some form of heart damage
or abnormality,

{0162 In some exmmples, the remiote data collection app 1916 [acilittes the storage of
muliiple data reports for one or mwore different patients and atlows a user to access any of the
stored data reports. Once selected. one or move of the data reports may be shown on a display
gssociated with any of the remote computing devices 1214, For example, 12-lead ECG data
reporis may ba penodically generated and timestamped based on the tine of the craation. Each
of these reports may be collected by the remote data collection app 1916 and Iisted for a user
o select a particolar 12-tead ECG data report 1o view, The listing may be sorted or organized
based on the imestamyp associated with each of the 12-lead ECG data reports.

{0183} In some examples, defibrilfatosfmonitor 1904 generates a case file, such as case fils
3048, that includes one or more 12-lead ECG reports, The [l case file vuay then be received
by local data collection app 1908 and ultinwately transmitted to remote data collection app 1416,
I some examples, one or more 12-lsad BCG data reporly generated by defibrilidtor/monitor
1904 are part of an integrated data source encounter structure as desertbed, for example, with
relerence to FIG, &

[0164] FIG. 20 ilhustrates another example medical environment 2000 that involves loval
personal area netwink {e.g., BEUETOOTH network) commumication of patient data between

one of more medical devices and the local computing device 1206, and also data
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communication with the remote computing devites 1914, The local computing device 1906
having the local data collection application 1963 is used o collect data from one or more focal
medical devices, such as the defibrillator/monitor 1904,

{0165 The medical environment 2000 13 sinalar o the medical snvivomment 1900 desotibed
with reference to FIG. 19, however, one difference lies in how the medical data reports are
transferred between the delibrillator/monitor 1904 and the local computing device 1906, and
hetwesn the local computing device 1906 and the remote computing devices 1914 In the
medical environment 2000, medical data, reports, and/or records measeredigenerated by the
defibrillatorimonitor 1904 are transforred to the local computing device 1906 via a stcure
personal ares network connection. Tn some examples, the defibriltator/monitor 1904 gensrates
a {2-lead BECG report to provide wavelforms ansdfor analyvsis of wavelorms collecied from a 12-
lead apparates. Any other Tocal computing devices having the local data coltection app [908
installed may also conumunicate wirelessly vig the persongl area network 1o receive the 12-lead
ECG report. In some examples, dats reports of records geverated by the defibrillator/monitor
196 ave transmitied automatically to the local conputing device 1906 upon being yenerated.
T otherwords, there by no walthng for a regquest 1o be received for the data before wansinitting
i, In some examples, the 12-lead ECG report is encrypied o ensure confidentiality of the
medical data and is decrypted at the local computing device 1906 using the local data collecuon
app 1908 or stand-alone decryption software. Once received, the 12-lead ECG report may be
viewed on the local computing device 1906, Tn some examples, & pairing process betwesa the
local computing device 1906 and the defibrillator/moniter 1904 must first be performad to
astablish the personal area network connection. This pairing process may mvolve manually
accepting the connection with the logal computing device 1906 on the defibnlintor/monitor
1904,

[0186] In some examples, the local data collection app 1908 also factlitates the transfer of the
12-3ead ECG repost to the one or more remoie computing devices 1914 via the network 1912,
This data wansfer may ocour using long-range wireless conumunication, such as cellalar
comnpuitcation, between the local computing device 1906 and the network 1912,

{1187 FIG. 21 illostrates another example medical enviromment 21K that involves divect
conmununication bebween oue or more medical devices and the remote computing devices 1914
via a network 3102, Unlike the example medical environments 1900 and 2000, the medical
epvironment 2100 does not involve computing devices local fo the defibrillalor/monitor 1904
i the transfer of medical data, records, or repons measered/gensrated by the

defibrillator'montior 1904,
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B8] In some examples, the defibrillatormpuitor 1994 gses one of both of short-range and
lfong-range compumcation to wansfer medical data via the network 2102 to the remote
computing  devices 1914, Esxample shortrange conununication technologiey inchuls
BLUETOOTH o WIFI while example long-range technologres inchsde ellular
communication,

{0169} 1a some exanples, the network 2102 shaves the same chavacteristics described above
forthe network 1912, In the Wustrated example, the network 2102 includes at least a fivst server
2104 and a second server 2106, In some examples, the first server 2104 is configured {o receive
medical daty, records, andior reports from the defibrillator/monttor 1904 and provides a
gateway of sorts for eollgcting and organizing the data, In some gxamples, the first server 214
15 hosted on a secure network. The first server 2104 may hand off the reveived medical data,
records, andior reports to the second server 2106, which disseminates the received data,
records, anddfor reports o the remote computing devices 1914, In some examples, the first
server 2104 muy be a centralizesd dista server conligured to receive medical dats frovn a plurality
of differsat medical devices operated by different hospital networks, and the second server
2106 may be a server hosted on o particubay hospital network and designed to ransinit the
reveived medical daty, records, andfor reports to the remide computing devices 1914 thatare g
part of the pardcalar hospital network,

[0116] I some examples, the fivst server 2104 sends the received medical data, records, andior
reports out 1o an email distribution Hst stored within the first server 2104, The distribution hist
niay be updated and modified to add or delete particular email addresses that gre {o réceive data
associated with a particular the defitmilator/mondtor 1904, fn some examples, individual email
addresses in the distribution list may be configured to receive only particalar types of data
reports (such as onty receiving 12-lead BCG reports), or only receiving data reports generatad
during a particidar timedtame. In some examples, different distribution lists mayv be orgaiad
having one o more associaied account codes. Fach of the account codes may be related to one
or mewe defibrillator devices or to a particular hospital network.

J0111} Inthe example medical environments described above, medical vepornts such as 12-lgad
ECG reports are generated by the defibmillatoa/monitor 1904, However, in some examples,
medical data is collected by the defibrillato/monitor 1904 and wansferred to the local
computing device 1908, and the local computing device 1906 generates o medical report based
on the received data. The medical report may be gensrated using the local data collection app
1908, In some other examples, medical reports are generated by any of the ove or more remote

computing devices 1914 after recoving the medical dats evther divectly Fom the
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dalfibrillator/monitor 1914 or from the loeal compating dievice 1906, The medical report may
be generated using the remote data collection app 1916,

(0112} FIG. 22 dlusirates an example user mterface screen 2200 that 1§ part of the local daia
collection app 1908, The user mterface screen I200 may be presented fo a user on any tyvpe of
display device and allows for a user 1o mteract, via for example a touch interface, with the data
being collected from the defibriflator/montior 1904, Additionally, the user interfuce screen
2200 presents an example imerface for viewing dats records, such as BCG records, vollected
from the defibrillator/monitor 1904, 1t should be understood that the relative size and placement
of the vartous regions andfor graphical objects on the wsér interface screen 2200 mayv be
difterent than the particular Hustrated example. In some examples, user terface screen 2200
provides a dedicated interface v the purpose of immediately presenting newly acquired data
reports. The datareponts appear on the sereen as they are received, and in a Hsted order as more
gnd more reports gare received. In some examples, the list of received data reports can be
serotled through, sorted, or Hltered,

{0113} The user inferface screen 2200 displays information regarding a given medical device
that # 15 receiving data from. Forexample, 8 region 2202 may inchide details ke name; serial
nembey, and/or vt ID for a given medical device, such as the defibrillator/monitor 1904, The
aser interface scregen 2200 may inclade wabs i some examples o switch between different
medical devices that are in the vicinity of the local computing device 1906, Accordingly, the
region 2202 may include descriptive detuils regarding the current medical device for which
datz is being displaved. In some examples, a status indicator 2204 15 provided to indicate
whether a successfid connection hag been established with the medical device indivated in the
region 2202,

{0114} In soume examples, the user interface sersen 2200 includes a bulion 2206 that is used to
halt any polling for farther data from the medical devive. For example, the default setiing whan
exiablishing a connection with a given medical device Is o continuonsly check for new data
fronm the medical device and receive any new data being transmitted from the given medical
device. The button 2206 in essence allows a user o opt out front receiving any further medical
data, recovds, or reports from the given medical device.

{01181 In some examples, the user interface sereen 2206 includes a data report 2208 recerved
from the given medical device, lu soms exaruples, a list of data reports may be provided in
chronological order from when they are received. In some examples, the Hst of data reports
may be soned by time, name, or user-defined characteristios within the reporis. As seen in the

ilustrated example, the displaved data report may include some descriptive details such as the
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daie and time that the report was generated, 8 serial mumber associated with the medicad device
that penerpted the report and a unit 1D of the medical device. In some examples, a user may
click on o touch the displaved data report 2208 to view the reportin further detail.

{0118} In some examples, a history bution 221y may be provided to access archived data
reports generated by the given medical device. The archived reports may be organtzed by
patient or by piven time periads of data collection. For example, 12-lead ECG medical reports
miay be crganized by the day or week that they were collected.

[1117] FIG. 23A illostrates an example user interface screen 2300 that 1s part of the remote
data collection app 1916, The user interface soreen 2300 may be presented 10 & user on wy
type of display device and allows for & user {o interact, via for exaraple a touch interface, with
the data being collected from the defibvillatormonitor 1904, Additionally, the user interface
sereen 2300 presents an example interface for viewing data records, such as [2+lead ECG
records, collected from the defibrillstor/monitor 1904, It should be undersiood that the relative
size and placenient of the various regions and/or graphical objects o the user interface sorgen
23448 may be different thay the particular Hlustrated example.

{0118 The user Imerface scréen 2300 includes controls 2303A& ~ 2302E for accessing a
plurality of received data reporis collected from a given medical device, according 1o soms
examples. Although five 12dead BECG data repots ave illustrated, any minnber of data reports
can be listed and scrolled through. For ease of discussion herein, any of the controls 3324 —
2302E for accessing data reports may be identified with the more general label 2302, Each of
the listed data reporis may include some descriptive details such as the date and time that the
report was generated, a serial number associated with the medical device that penerated the
report and & unit 1D of the wedical device. In some examples, the controls 2302 may be listed
i glwonologicat order of recaipt of thelr corresponding data reports. Iy some examples, the
controls 2302 may be sorled mndior filtered by time, name, or wer-defingd characteristics
within their corresponding reports by activating a sort button 2304, In some other examples,
the controls 2302 may be sorted andfor filiered based on the medical device that generated thewr
corresponding reports, based on a given patient, dr any other user-defined criieria.

{H19] e some examples, the data reports come from any pember of different medical devices,
Accordingly, the reporis can inclade different types of dats depending on the device that
gengrated them. For example, some of the data reports may be from a defibnlintor'momicr
{such as defibrillator/monitor 302B). some data reporis may be from a ventilator {such as
venttlator 302C), and some data reports niay be from an automated chest compressor {such as

automated chest compressor 302A). FIG. 238 illustrates another example aser interface screen
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2301 that is part of the revnote data collection-app 1916, User interface seresn 2301 presents an
exarnple interface with controls 2303A-2303E {or viewing data reports collected from different
madical devives associated with the same patient sncounter. Such data reports received from
different medical devices may be listed separately {as shown in FIG. 23B). or they may b
combined inio an integrated data source encounter strocture {using, for example, o patient
encounter data source integrated service 130 as described in FIG. 3D), and different ones of
tntegrated data source sncounier structures are listed instead. In the iHusirated example, data
repors bave bean received at different times from medical devices 3024 - 302D as deseribed
with reference 1o FIGS. 3B and 3C,

{8126} FIG. 24 tHusirates another example user interface screen 2400 that is part of the remote
data collection app 1216, The user interfuce screen 2400 provides an example view of a given
data report 2302 after 1t has been selected, for example, from the user interface screen 2300,
Selection of a given data report 2302 may change the view to show the detals of the report to
the user, In the dlustrated example of the user interface soregn 2400, 3 12-lead ECG report bas
been selected and the details of the report are shown.

{0121 In sowe examples, the user interface sereen 2400 includes a patlent details region 2402
that includes various detailed regarding the patient associated with the medical report. As semn
in the example, the pattent’s details may inchade the patient’s nane, patient 1D, sge, and sex.
Further medical details asceriained from the medical device may be provided as well, such ag
the patient’s heart rate, PR interval, QRS dwration, QTHQTe, and P-R-T axis, In some examples,
the patient details region 2402 also includes noes that bave besn added to the medical report
from another caregiver, such as front a user of the local data collection app 190K at the scepe
with the patient.

{0122} In some exanples, the user interface screen 2400 displays particular waveforms from
various leads of a 12-lead ECG measurement. For example, waveforms collected from each of
the VT~ V6, 1 TEL T, aVR, aVL, and aVF leads may be displaved. The data may be presented
it ¢ landscape view as tlustrated w FIG. 24,

101231 1o some examples, devices from any of medical environment 1900, 2000, or 2100 gre
conflgwred (o execute 3 variety of processes that franumnit and receive medical data records,
such as ECG reconds or inteprated dafa source encounter structures, FIG. 25, for fnstance,
ustrates o data record transnuission provess 2500 that is executed by a medical device {e.g.,
defibrillator'monttor 1904 of FIG. 19), one or move local compuiing devices {e.g., local

compating device 1906 of FIG. 19), and one or more remote computing devices {e.g., remote

o

computing device 1914 of FIG. 19). In some examples, the operations attributed to the one or
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more {ocal computing devices i FIG. 25 are execnied by one or more focal data collection
apps {e.g., the local data collection app 1908 of FIG. 19} hosted by the one or more focal
computing devices.

{0124} Data record transmission process 2300 begins with collecling 2502 data from a patient
using the medical device, i accordance with some examples. The dats may be collected via
one or move patient fnterface devices (g.¢., physiological sensors, ECG sensors, $pO2 sensors,
capnography sensors, blood pressure sensors, ete.} as described with reference to FIGS, | and
18, In some examples, the patient interface device inchudes 12-lead ECO senmors for eollecting
a 12-lead ECG of the patient.

{0128} After collecting the patient dats, the medical device generates 2504 one or more data
reports, such as a 124dead ECG report. The 12+dead ECG report may include slevirical
waveforms collecied from each of the 12 Jeads on the patient. In some examples the 12-lead
ECG report also includes one or more interpretations of the waveforms to provide fist and
gonvenient analysis for the user. These one or move interpretations may nvolve patiern
recognition from amongst the different waveforms, which mayv gensiate alerts or indicators it
a particutar portion of a waveformy has an abnormal patiern suggesting some form of heant
danage. In some examples, the one or more data repoits includs at least one case file, such as
case file 3048, that includes 12-lead ECG data. The case file may be one case fie of an
integrated data source encounter structure, Accordingly, data reports may be geserated from a
pluratity of medical devices and combined to create the integraied data source encounier
structurs as gensrally discussed with reference to FIGS. 3C and 3D,

{126] The medical device transmitis 2306 one or more data reports (which mav be included in
one of move case files or integrated data source encounter struciures) (o one or more local
conputing devices. In sone exgmples, data reports or records generated by the madival device
are transmritied auiomatically {pushed) to the ong oy more local computing devicss upon being
generated. In other words, there i3 no waiting for a request (e.g., a poll} to be received for the
data before transmitting L. Accordingly, any local computing devices configured {o recaive the
data vig, for example, the local data collection app, will mutomatically receive 2308 any
transmitted data veports or vecords generated by the medical device without any interaction
required by the user. Tn some examples, 2 user may opt out of receiving the dala reports or
records using the local data collection app. For example, the local dita collection app can
receive an input from the user that ceases sufomatically receiving any further data reports from
a given medical device or from sny medical devices. The medical device may transmit the one

or more dals reports using anv koown wireless communiation mterface such as WIFL
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BLUETOOTH, or cellular. In some examples, the réceived one or more data reports are
decrypted by the local computing device.

{01271 Any of the one or more local conputing devices can provide access 25310 1o the one or
more received data reports. In some examples, access to the onie or more received data repoits
includes viewing the contents of one or more integrated data source encounter structures. This
access may nclude displaying o hist of received reporis along with the medical device they
were recetved from. The displayed hist may be automatically updated with any received data
reporis at the time that they are recetved. The list of reports may be sorted using various crileria
such as by time vegetved, time report was generated, medical device that iwansmitied the teport,
OF Cerfain pargmeters present in the medical report. According {o some examples, al feast one
of the data reports s 12-fead ECG report. An example of a user interface screan for providing
one of more received data veports via a local compating device 1¢ itlustrated m FIG, 22,

{0128 The local computing device is glso confipured 1o transmit 2512 any of the one or more
received data reports to ong or more remote computing devices. This data transmission may
ovowt via any number of wireless pathways as generally Hustrated in the medical environment
T9G0 or 2000, To some examples, the one or more recetved data veports are ransmitied directly
by the local computing device via cellular communication via a network, such as network 1912
from FIG. 190 In some examples, the one or more received data reports ave transamtted across
the network via a router within range of the local computing device. Regardless of the
transmission techuique used, ong or more remate computing devices receive 2514 the one or
more data reports, which may include at least one 12-lead ECG repont.

29 The one or more remole computing devices are confllpured {o provide 2316 aceess o
the one or move data reports. In some examples, access fo the one or more received daty reports
mgtudes viewing the contenis of one or more integrated data source sncounter structures. The
one or more remole computing devices may display a hist of recelved reporty along with the
medical device or local copputing device they were recetved from. The list of reports may be
sorted using various criteria such as by time received, time report was generated, medical
device that transnutied the veport, or certain parpmeters present in the medical veport
According to some examples, at least one of the data reponts is & 12-Jead BECG report. Example
user interface scrgens for providing one or more received data reports via & remote computing
device are Hlustrated i FIGS. 23 and 24,

{0138 Retuming {o FIG. 1, In some examples, the healthcare providers 1184 and 118B can
each be associated with the mobile computing devices 14 by, for example, being authenticaied

to an operating svsiem andior patient encounter device association application 150 executing
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o the mobile computing devices 104, Ax ilustrated in FIG. 1, in some examples the mobile
comiputing devices 104 may be configured fo comnuunicably coupled o the medical devices
102, although i some examples of the present disclosure, the mobile computing devices 104
arg not necessarily m divest comnnuncation with the medical devices 102 but rather, the mohils
computing devices 104 and the medical devices 102 are separately in communication with the
server(s) 108 through the network 112,

{0131} 1o some examples, the mobile computing device 104A way be a device used by the
healthcare provider HIBA to generate the ePCR andior other records andfor notes about the
condition of the patient 116 andfor teaunends applied Yo the pagent 116, Similarly, in some
examples, the miobile computing device 1048 may be a device used by the healtheare provider
118A to peuerate an event lop documenting specific reatment procedures (2.8, exsontion of g
cardiac code) applied to the patient 116 such as the RescueNet™ CodeWriler documentation
miobile application, provided by ZOLL Medical Corporation, which allows for documentation
of critical information of a vode o an easy, intuitive manner. Although the ¢PCR application
122 and the gvent log application 140 are hosted by distinet mobile computing devices 104 in
FIG. 1, the examples disclosed berein are wot Hmited to this configuration. For nstance, in
seane examples, a single mobile computing device 104 hosts both the ePCR application 122
and the event log application 140,

{0132} In some examples, the event loyg application 14t is configwred to provide a set of wser
tinterface sereens that ave tatloved to eusily, quickly, conventently, and accngtely record events
god sometimes determine sdditional event detmls encoumterad during the amergency madical
treatment. These interface screens can be provided, for example, via a fouchscrzen of the
mobile computing device 104 execnting the event log apphication 140,

{0133] More specifically, in soine examples, the svent log application 140 is configured to
provide acreenmy including controls thai are Iabelad and associated with avents commonky
encouniered during emergency medical treatment. For instance, events such as administration
of CPR, epinephrine (EPT), andfor electrotherapentic shocks are conunonly encountered while
running a onde blue and examiples divected toward docunienting a code blue have conrols
dedicated to recording these events, Many of these processes calminate in the storage of a
date/ime stamped eniry that documents cccwrence of spectfic evenis in an event log. The
event log, in turn, documents the treatment provided to a patient sndfor svenis that have
occuired daring the course of a patient encounier.

{0134} In some examples, the event Jog application 140 is further configured to respond to

sput selecting a control by executing a provess that is associated with the conirel, Forinstance,
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o some examples, controly associated with adaunisiration of COPR, EPI, and shooks include
timers andfor counters that ave reset anddor incremented vig execution of the process associated
with the control. Further these processes can provide notifications afler 1 threshold amount of
time has elapsed sinee the control was last selected. For mstance, the event log application 140
can provide, via the CPR contred, a notification (e.g., flashing lcon, color change, textual
prompt) alter 2 minutes has passed since CPR chest compressions were staried or aller 10
seconds has elapsed since UPR was paused. This notification after a predefined period of time,
typically 2 minsies, of chest comprassions 1s (o remind the user that an interval of CPR has
passed and that another phase i treating the patient may be required, such as a perod of ECG
analysis to determing whether the patient is in need of electrotherapy (g3, defibrillation shock)
or 3 short pause for one or more posttive pressure ventilation tweaths to be applied. Once this
pause {e.g., for BOG analysis andfor ventilations} bias passed, then chest compressions should
immediately resume, Accordingly, the notification after 10 seconds of a pause in chest
compressions may be gppropriate to remind the user that chest compressions should resume.
Similardy, in some examples, the event log application 144 can provide, via the EPI control, a
notification after 3 mingtes has passed since EPLwas last adpdsistered. Such a nouification way
be appropriate to retind the user that & subsequent dosage of EPI is (o be administered. These
notifications can tnclnde causmyg the control to flash, become highlighied, change coloy, prompt
with text, andfor provide another visual indication. Or, in some cases, an sudible andfor haptic
naotification may be provided by the mobile computing devics.

[H135] In some examples, to further ease treatiment documentation in specific situations, the
gvent Jog application 140 is configured to provide conirols that enable a healtheare provider
change the documentation mode of the event log application 140 to either adult mode or
pediatric mde. While opevating in adult mede, the event log application 140 alters features of
ceriain sereens and controls to facilitaie log eniries that mark eventy divected to evenis
encountered when treating an adult. For instance, controls assoctated and lnbeled with
approaches to CPR that are only available {o adults are visible only while the event log
application 140 is operating in adell mode, Conversely, while operating in pediatric mode, the
avent jou application 140 alters features of certain screens and controls 1o facilitate log entries
that mark events directed to events enconmiered when treating & child. For mstlance, controls
associated with approaches to CPR that ave only available to children sre visible only while the
event log application 146 is operating in pediafric mode.

10136} In centaln examples, the event log application 140 §s configered with controls to display

a variety of formation before, during, and afler emergency tweatment of a patient. For
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instance, in some examples, once the appropriate connections are made to-acquire the relevant
information, the event log application 140 is configured o display patent wdentification
mformation to the healthcars provider via a patient mfornation screen. Further, in ot least ons
example, the event log application 140 is configured to display CPR gquality metrics {e.g., chast
compression metrics such as percéntage of chest compressions that fall within a target depih,
percentage of compressions that fall within a target vale, an average depth of compressions, an
average rate of compressions, 2t¢.) to the healtheare provider via a sereen of the user interface.
Farther, in some examples, the event log application 140 is configured to provide screens with
conirols 1o recetve MEWS factors and display MEWS scores calvulated based on the MEWS
factors. Further these scresus may include a control that responds to inpui selecting the conirol
by calling a rapid respouse of code team o, for example, the location of the mobile computing
device,

{0137 The ePCR application 122 can vender visual, andio, haptic, and/or tactile conjent,
mcluding content relating to ePCR geveration. Thus the ePCR apphication 122 can weceive
inpat or provide outpot, thereby enabling a vser to interact with the mobile computing device
104, The ¢PCR application 122 can be configured to receive charting dala via varlous
mechanisins, including, but not limited to, touchscreen, voice recognition, and scanner. For
example, a patient may say his‘her name and the oPCR application 122 can capture the patient
name gnd store it as a portion of charting data. The ePCR apphication 122 can mclude a
camerafseanner through which patient’s driver license may be acquireddscamnned sud relevant
information about the patient, such as name, address, age, can be stored as charting daia. The
healthcare provider 1184 mav dictaie data or findings when examiniog the patient 116 via the
ePCR application 122, Such dictation can be captured and saved as charting data, according
some examples. I certain examples, the ePCR application 122 utilizes the fnput devices 444
andzor the ouipitt devices 43¢ of FIG. 18,

{0138} In some examples, the ePCR appleation 122 implemented by & mobile compuling
device 104 can interoperate with a touchscreen andfor a flat pansl PC or soms other user
irterface hardware and a software stack configured to drive the hardware. Portions ofthe ePCR
application 122 can be stored in the memory of the mobile computing device 104 as an
Android™ application, an Apple® application, or other nattve application, and execuied by the
processor to imteract with the beslthcare provider 118, Alternatively or addivonally, the
memory of the mobile computing device 104 muay store & browser, or some other execution
environment, configured to recetve and render portions of the ¢PCR applivation 122 from one

or more webserveds),
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{1397 In some examples, the ePCR application 122 can generate charting data 1o be stored in
the charting data store 134, For instance, the ePCR application 122 can include a graphical user
mterface, which permits the user 1o seleet different subssts andior display modes of the
micrmation gathered from mudior sent to other devices, according to examples of the present
disclosure. In one example, the ePCR application 122 can be used to note a dosage of medicine,
CPR compression depth, or other treatment parameters given to the patient at a particular ime.
The ePCR application 122 can also be used to record Miographic and/or demographic and/or
instorical information about a patient, for example the patient's name, identification number,
hetght, weight, andior medical history, according 1o examples of the present disclosure. The
types of charting data veceived vig the ePCR application 122 can also imclude patient
physiologic parameters, documented events, and the ke, Charting data can imnclade, bul s not
himted 1o, patent information (e.o.. name, age, gender, weight, andfor other identfication
sndfor demographic information), medical event specific information {e.g., type of service
requested, disposition), andfor clinical information (o8, patient assessment, patient blood
pressure). Charting data can further include any data from the patignt care record, data from
physician’s chart, data from electronic health records, data from one or more health information
exchanges, data froms hospital charts, i addition to data from ePCRs,

{0148] I some examples, éach of the association generators 1IA and 1428 is configured fo
process requests to generate information that associates one or move of the medical devices 128
with a particular patient encounter. In some examples, each association generator 142A and
142B exposes and implements a softwarg interface {e.g., an AP configured io receive the
requesis to generate association mformation. In these examples, the ePCR application 1232 and
the event fog application 1 are each configured (o generuie réquests 1o generate association
and o commuatgate the requasts to the locatly hosted association generator 142A or 1428, The
ePCR application 122 and the event log application 140 may be configured to, for example,
generate requests in response fo receiving input from the healthcare provider 1184, Thas input
nay ndicate mitlation of § patient encounter, ermination of a patient encounter, or stmply that
g patient encounter is in process. Alternatively or additionally, in some examples, each
assoctation generator 1424 and H2B implements o wser interface confisured 1o veceive the
requests to generate association nformation. This wser interface can include controls
configured o receive inpui specifying initiation of a patient encounter, thai a patient encounter
is m process, andfor that a patient encounter has been completed. Funther, the user inlerfsce
can nchude controls configured to receiving input to iniliale acquisition of represemations of

identifiors of medical devices andior to receive other elements of association information as
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discussed herein, In addition, the user interface can inclade controls configured to recerve inpul
to initiate storage and transmission of the association information 10 the server{s) 108

[0141] With continued veference to FIG. 1, the mobile computing devives 104 can include o
combination of devices. secording o soume examples. For instance, the mobile computing
devices 104 can edch include a processor coupled with memory configured 1o store data
nwanipulated by the processor. Each of the mobile computing devices 104 may bave a clock,
which can be synchronized with an external ime source such s a network resource or g satellite
to prevent the healthcare provider HISA from baving to manually enter a time of {reatment or
observation {or having o atiept 1o gstimate the time of treatment for charting purposes long
after the treatment was administered), according to examples of the preseni disclosure. Each of
the mobile compuiing devices 104 can inchude one or more systems, medival device(s), andior
network interfaces configured to receive anddor send data from andfor to other devices like the
medical devices 102, In some examples, each of the mobile computing devices 104 can wiilize
these svstenys), medical device(s), andior network interfaces to communicate with another
device or sysiem {e.g., the remote computing device 106, another mobile computing device
104, anddor the server{s) 108 that sgerepates or otherwise recetves data from other deévices,
such as the medical devices 102, Altematively or additionally, each of the mobile computing
devices 104 can commubicate with devices, such as the medical devices 102, by establishing
or joining a previous established local network including data entry devices as well as
diagnostic andior therapeutic medical devices. This local network can be established in an ad-
hoo manser at the time of reatment of a patient or patients in the fleld and can fnchude two or
more proximally located devicas.

{0142 In various implementations, each of the mobike computing devices 104 can receive,
organise, store, shave, distribute, and display data frem the other devices {e.g., the wedival
devices 102 and other mobile computing device 104) to further enhance the usefulness of the
devices and o make # easier for the healtheare provider FI8A to perform certain tasks that
would normally require the bealtheare provider THHEA o divert visual and manual attention (o
the other devices separately, according to examples of the present disclosure, In other words,
gach of the mobile computing devices 104 can cantralize, orpanize, and share information that
might otherwise be de-cendralized and disorganized, according to examples of the present
disclosure, However, it should be noted that robust, bi-directional, fully authenticated network
connections can require sabstantial computing resowrces and time to establish and maintain.

Agaconsequence, at least some examples avoid these sorts of network connections,
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{1143] In certain examples, each of the mobile computing devices 14 can share information
recetved from the server(s) 108 with the other devices. For instance, none example, the mobile
computing device 1044 van receive information from the server(s) 108 and can share {e.g.,
fransmit via a local network) such mioymation with the medical device 102A. Alerpativaly or
additionally, if the medical device HIZN tkes an BECG reading of the patient 116, or i the
medical device 102N administers a treatment (such as medication, chest compression,
ventilation, defibrillation shock, ste.}, information descriptive of the BOG andfor the regtment
may be shared, via mobile computing device 104B or divectly, with other devices {e.g., the
remcte. computing device 106, the mobile computing device 104A, andior the server(s) 108)
for storage i a patient record maintained therein. In another example, each of the mobile
computing devices 104 can be confizwrad to receive patient information, such ay medical
records, knowen yedical conditions, and biographical nformation form the health fecords data
store 110, and to share this information with one or more of the medical devices 102, This
hiographical information can be tnserted into a patitent record {e.g., an ePCR) being matntained
andfor generated at the mobile computing device 104,

[0144] When a mobile compating device 104 recetves updated informadon from the other
devices o which # is comumunicably coupled, andfor via tnput fom a healthcare provider {e.g.,
either of the healthcare providers 118A or 118B), the mobile comymuting device 104 can send
the apdated information to the server(s) 108, Hence, information from one or more device(s}
{e.g. the medical devices 102) may be stored locally at the mobile computing device 104 (e.g.,
in the mentory 4213 andéor at the server(s) 108 {g.z., in the memory 321, in the event log data
stove 146, anddor in the charting data store 134). Data fromn the mobile computing device 104
{and, when present, data from the ther devices that may be connnanicably coupled with the
mobile computing device 104} can be received by the server(s) 108 and stored in the svent log
data store 146, the chmrting data store 134, anddor the case data store 132 via the event log AP
144, the ePCR APL 128, andior the case AP 125 as described further below. The remoie
computing device 106 can also access the stored information via these imterfaces to add the
stored information 1o the health records data store 110,

[145] According to some examples of the present disclosure, each ol the mobile computing
devices 104 can conununicably conple (e.p. auntomatically or mamually or selectively) 1o one
or more medical devices 102 that mnclade & defibrillator, » patient monitor, an sutomated
external defibrillator, a ventilator, an avtomated chest compression device, andior & wearable
defibrillator. In these examples, any mobile computing device 14 so coupled can receive and

display patient monitoring information generated by the one or more medical devices. Such a
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mobile computing device 104 can also be configured 1o receive patient-identifying protected
health information from the one or more medical devices, 10 permit the mobile computing
device 104 to guery (.., across the network 112) an external database (2.¢., the health records
data store 110} to retrieve additiomal information about the patient 116, This mobile compuling
device 1M can also be configured to connect with an implastable cardioverier-defibrillator
{TCD™) i a simdlar fashion, according o examples of the present disclosure,

{0146} In certain examples, eack of the mobile computing devices 104 can be a tablet
smariphone, wearable device, andfor other mobile computing device and/or a combinaiion of
mobile devices that can acgess event log and patient charting system capabilitios described
hergin via 3 server or cloud imterfhce, for example, an interfice with the server(s) 108,
According to some examples of the present disclosure, the mobile comiputing devices 104 can
include wristbands andior smart phones sach as an Apple® iPhone® or Pad® with an
tideraciive data entry interfhce such g8 a touchsereen or voice recognition data entry interfhce
that can be communicably coupled to the iablet and tapped to indicate what was done with the
patient 116 and when # was done. Fuarther, according to some examples of the presemt
disclosure, the mobile computing devices 104 can be integrated with the medical devices 102,
such that a single device can be configured (o monitor the patient, treal the patient, as well as
o gengrate records and/or notes about the patient’s condition andior treatments applied o the
patient 116 In these examples, the ePCR application 122 can be embedded within the
combination medical/computing device. Additional description of some components of the
nrobile computing devices 104 is provided further detail below with reference to FIG, 18
47 In various implementations, the medical devices 102 can include patisnt meatent
devices, or other kinds of device that include patient woniioring andior patient freatment
capabilities, according o examples of the present disclosurg. For example, a medical device
102 can include a defibrillator and can be configurad to deliver therapeutic eleciric shocks to
the patient. In some examples, a medical device 102 can deliver other types of treatments, such
as ventilation, operating a vespivator, performing CPR andfor administering drugs or other
medication,

{1148} Muore specifically, one or more of the medical devices 102 can be, for example, a
defibrillator with patient interface devices 196 such as electrodes andfor sensors configured for
attactunent to the patient 116 to momitor heart rate and/or 1o geverate electrocardingraphs
{BCGs), according to examples of the present disclosure. Each of the wedieal devices 102 can
inctode o clock, which can be synchronized with any external time source such as a network

resource or a sateliite to prevent the healtheare provider 118A from having to manually ender a
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tite of weatment or observation {or having to attempt to estimate the time of ireatment),
according to examples of the present disclosure. Precise clock synchronjzation between. the
maedical devices 102 and the mobile computing devices 104 can be particularty helpfd in
associating medica]l device case files to partivalar palient encounters, especially wher
timestamps are used in at least one search criterion, as is described further below. As such; i
at Tesst some examples, each medical device 102 and mobile computing device 104 includes a
timing circuit with a local clock. The timing circuits can each include a local clock, and the
tiung circaits can communicale with one another to determing and correct for variations
bepween the locsl clocks of the timing circuits. In some examples, ong of the tming circnits
can act as a "master” timing circult, and each of the other Himing circuits can act as “slave”
timing cirouits that synclwonize with the focal clock at the master timing civcuit, i some cases,
thege thning circuits can enable the medical devices 12 and the mobile computing devices 104
¢ achieve sub-nucrosecond level synchronization. In other cases, these timing circuils can
enable the processing circuits to achieve synchronization within the range of =100
microseconds {e.g., 1-10 microseconds), or less. I at least one example, the medical devices
120 and the mobile compuiing devices 104 utilize 8 thming pratocol 10 coordinate timing
between miaster tming cirouits and slave timing Circuits. Examples of such timing protocols
can include the IEEE 1588 or Precizion Time Protocol (PTP), the MNenwork Time Protocol
{NTP), the Clock Sampling Muotual Network Svnchronization (CS-MNS} algorithmy, the
Refersnce Broadeast Synchronization (RBS) algorithm, the Relference Broadeast Infrastructure
Synchronization (RBIS) algorithm, and the Global Positioning System (GPS). The IEEE 1588-
2008 Standard for Precision Clock Synchronization Profocel for Networked Measurament and
Control Systems is wncorporated by reference herein in its entivety, The JIEEE 1588 protocod is
also described in further detall in Jones, Mike, "(et in Syne!: IEEE 1588v2 Transparent Clock
Benafits for Indusivial Control Distributed MNetworks,” Micrel, Inc. (March 22, 2612), and from
Wi, Hang and Peloguin, Robert, "Synchronizing Device Clocks Using IFEE 1588 and Blackfin
Embedded Processors,” Analog Diglopue 43-11 {November 2009, both of which ave
tncorporated by reference herein in their engirety,

{13497 Each of the medical devices 102 can also inelude andfor couple to patient interface
devices 190 such as sensors 1o detect andfor a progessor to denve or galeulate other patient
parmmeters, In some examples, one or more of the medical devices 12 are configured o
interoperate with the pattent interfaces devices 190 to montlor, detect, tread, andfor derive or
calewlate blood pressure, temperature; respivation rate, blood oxygen level, end-tidal carbon

dioxide level, pulmonary function, blond glucose level, andior weight, according 1o examples
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of the present disclosore. Additional examples of the medical devives 102 and the patient
interface devices 190 are described further below with reference to FIG. 18,

{0156} In some examples, to initiate easy acvess o the medical device case files generated by
the medival devices 102 through the generation of association information, the healthears
provider 1ISA can use a medica! device interface present within the mobile computing device
104 to acquire representations of wentifiers of the medical devices. This medical device
iterface can include, for example, a camera, ¢ near-field convnunication sensor, a radio
frequency wdentification sensor, a universal serial bus conpector, an mfrared sensor, & personal
area network sensor, a proximuy detector, a geolocaton delgctor, a wireless network
connector, or ancther sensor appropriate to gather the refevant identifving information.
Notabdy, 1 certain examples, these medical device interfaces aequire the representations
without establishing a tUmecconsuming commumication or authentication session with the
medical devices. For instance, 1 some examples, the medical device imterface includes a
camera and simply scans a QR code, bar code, or device identifier visible on the medical
devices. Additionally or alternatively, in some examples the medical device iterface veads a
NFC tag or radio frequency identification (RFID) tag affixed o the medival devices.
Regardless of the specilic technology wused, this Hghtweight approach o acquiring
reprosentations of the wdentiliers minimizes the tinwe of the healthcare provider 118A required
{0 gensrate assoviation information, and ulimately be able 1o access the integrated daty source
sucounter structure of the patient encowder in an sasy and intwitive ranner, ¥t should be noted
that, i at least some examples, the ideotifiers of the medical devices umiquely identify each
medical device.

{0151 With continued reference (o FIG. 1, upon completion of a patient encounter {e.g., via
conclagion of patient trestment andior transfer of the patisnt 110 10 a healthears ficility, such
as an emergency room (ER}Y of & hospitah) andior during the patient encoonter, ihe healthears
provider 1A may wish {0 provide an ER attending or other healthcare provider 118B within
a0 eimergency response center with. an integraied data source encowter structure of the patient
ehicounter, andfor may wish to have munediale access to the integrated datg source encounter
struchure during the medical emergency. In some siuations, the mtegrated data souwrce
encounter structire must be provided guickly (e.g., where the patient’s condition is critical
andfor daring the event), Thus, 1 some examples, the mobide computing device 104B s
configared {g.g., via execution of the event log application 140} to pansmit the association
nformation 1o the mobile computing device 14O vig a quick, hghtweight communication

technigue using, for exginple, a medical device mterfaces of 3 mobile compating devices 104,
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For example, in one example, the event log application is configured to render a visual
vepresentation of & token via a wser imerface of the mobile comprting device 104B. In thus
exanple, the mobile computing device 104C is configured 1o (&g, via exscution of the
encounier review application 148) acquire the representation of the token and (ransmit a requast
for the integrated data sowrce encounter structure of the patient encoanter via one or more of
the interfaces 126 and 128, The encounter review application 148 can include the oken in the
request to pniquely identity the patient encounter for which anintegrated data source enconnter
structure &5 soughi. Completing the description of this example, the encounler review
application T4R is configurad to receive the response and provide the healtheare provider 1188
with the integrafed data source encountgr siructure via g user interfzee. Or, as discussed further
hergimn, the server(s) 108 may transant the mtegrated data source sncounler structire back to
one or move of the mobile compuning devices 104 located at the scene, for benefit of the
heahbeare providers during the event.

0152} According to examples of the present disclosure, the server(s) 108 can recetve event
log data and/or patient charting data from 2 mobile computing device 104 and sfore the data
{e.g., via operation of the event log APT 144 andfor the ¢PCR APL 128} in the event log data
store 146 andior the charting data store 134 along with an authenticated tmestaump and an
identifier asspeiating the information with a particular mobile computing device 104, In this
way, data from suhiple devices can be accessed by various users.

0153} 1o some examples, the network 112 van include one or miore conununication networks
through which the medical device 102, the mobile computing device 104, the remite
computing device 106, and the server{s) 108 can send, receive, and/or exchange data. In various
implementations, the network 112 can include & cellular commumcation network andior a
computer network, In some examples, the network 112 includes and supporis wirelsss network
andior wited connections, Fuor instance, in these exanyples, the network 112 may support one
of wore networking standards such as GSM, CMDA, USE, BLUETOOTH, CAN, ZigBeslty,
Wireless Ethernet, Ethernet, and TCP/AP, among others. The seiwork 112 may include both
privaie networks, such as tocal grea networks, and public networks, such as the Tnternet. H
should be noted that, insome examples, the network 112 may inchide one or more intermediate
devices mvohved n the routing of packets from one endpoint to snother. However, in other
eximnples, the network 112 can involve only two endpoints that each have a setwork connection
directly with the other.

10154] The server(s) 108 can imchude one or more physical andéor virvteal server computers

configured to tuplement the case APL 126, the ePCR AP 12X, the event log AP 144, the
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patient encounter data source integration servics 130, the case data stove 132, the event log data
store £46, the criteria data store 136, and the charting data store 134, As such, the server(s) 108
can melude one or more application servers, web servers, andior data bagse servers. The
server(s) 18 can communicate with the remote compatling device 106, the medical devices
102, and the mobile computing devices 104 via the network 112, The server(s) 108 can juclude
enterprise servers corfigured (0 support an organdvation as a sole tenant gndfor cloud secvers
coufigured 1o support nnltiple orpanizations as multiple tenants.

[1158] The server{s) 108 may be nmplemented in one or more clouds that may commumicably
couple to one another. For exanyde, 2 single cloud including one or more servers may inclade
the glements 126, 128, 130, 132, 134, 136, 144, and 146 of FIG. 1. Allernatively, elemenis 126
ansd 132 may be mplemented i a fipst clond, slements 130 and 136 may be implemeniad in a
second clond, clements 128 and 134 may be implersented i a third cloud, and elements 144
and 146 may be implemended in a {ourth cloud. As a further alternative, the eloments 130 and
136 may be implemented in g same cloud g5 elements 136 and 132, or may be implementied in
a same cloud as elements 144 and 146, or may be implemented in g same cloud as elements
128 and 134, As ver another alternative, clomems 126, 128, 132, 134, 144, gud 146 may be
maplemented in a fivst cloud and elements 130 and 136 may be mnplementad in a second cloud.
[0186] The communication link 18%a Hlustrated w FIG. 1 between the patient sncounter data
source integration service 13 and the medical device case data store 132 8 an optional link.
Likewise, the communication link 138b ilustrated in FIG. | between the patient sncounter data
source integration service 130 mnd the event log data store 146 is also an optional lk.
Likewise, the communication Hul T88¢ itustrated in FIG. | between the patient encounter data
source itegration service 130 and the charting data store 134 is also an optional ink. In an
implementation, the patient encounter dala source imlegration sgrvice 130 may n
conunpnicate dirsctly with these data stores for security purposes. In certain implementations,
the patient encounter data source integration service 130 s conversant in multiple dats formais
snd 15 able to miteract with components of the medical device 102 gnd the mobile computing
device 104 wia a public APL which can serve as a gatekeeper to resources provided by such
devices. For example, the medical device case data store 132, the charting date stove 134, and
the event log data store 146 may be owned by a first entiiy or separately owned by a first,
second, and third entity. The patient encounter data source infegration service 130 may be
owned by a foarth entity. Thus, the APPs (136, 128, andfor 144} may provide security betwesn

these various sptities i regard to access 1o the datg stores 132, 134, and 146,
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{157 For these andfor other teasons, in certain implemeniations 1 may be preforred that the
patient encounter data source integration service 130 not compuuticate directly with the
madical device case duta store 132, the charting data store 134, and/or the event tog data store
146, a3 mdivated by the broken lines 188a, 138%, and 1838¢ shown m FIG. 1. In such case, the
patient encounter data source imegration service 130 nay send the case APL 126 a request for
information that is stored in the medical device case date store 132, Likewise, the patient
gncounter data source integration service 130 may send the event log APY 144 a request for
mformation that is stored i the event log data store 146, Likewise, the patient encounter data
source integration service 130 may send the ¢PCR AP 128 a request for information that is
stored in the charting dats store 134, Any of these reguests may incleds appropriate security
cradentials. Based on the security credentials, the case AP 126, the ePCR AP 128, andior the
event log AP 144 may either grant or deny the request for infonmation. If the respective
terface gramts the request for information, then the interface will retnieve the requested
tformation from the appropriate data stere, The patient encounter data source inlegration
service 136 may pecfornt one or more data merge operations according o ose or more crileria
wentified by the patfent encounter datd source integration service 130, When the patient
encounter daty sonrte intepration service 130 completes the one or more data merye operations,
the patiett encounter data source integration service 134 may return the merged file (for
example, & file that includes medical device dats merged into patient charting data) o the ease
AP 126 for storage in the medical device case data store 132,

{31581 1n some examples, the server(s) 108 can exchange data with remote devices such as the

medical devices 1412, the mobile computing devices 14, and the remote computing device 106

via the case APL 126, the ePCR APL 128, andior the event log APT 144, These interfaces are
contigured {0 receive, process, and respond o connmands 1ssued by processes plemented by
ihe remote devices, such as the ¢PCR application 122, the event log application 140, and the
encounter review application 148 described herein. The interfaces 126, 128, and 144 may be
fmplemented using a variety of interoperability standards and architectural styles. For instance,
inone example, the interfaces 126, 128, and 144 gre web services interfaces implemented using
a representational state transter (REST) architectural style. In this example, the interfaces 126,
128, and 144 comnumicate with g client process asing Hypertest Transfer Protocol {HTTP}
along with JavaScript Object Notation andior extensible markup language. In some examples,
portions of the HTTP communications can be encrypled {o increase security. Alternatively or
addivionally, v some examples, the imerfaces 126, 1238, and 134 ave haplemented as a NET

web mterface that responses to HTTP posts to particular untform resowrce locators with data
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descriptive of Caze data, event log data, and charting data. Alternatively or additionally, in some
examples, the interfaces 126, 128, and 144 are implemented using simple file transfer protocel
conymands andior a propristary application protocol accessible via a transnussion control
protovol socket. Thus, the interfices 126, 128, and 144 as described hersin is not himited to a
particudar implementation,

{0159 1o some examples, the interfaces 126, 128, and 144 include g plurality of endpoints t©
enable reliable svstem performance. For instance, 10 a1t least one example, each of the terfaces

126, 138, and 144 mcludes a ong or more first endpoinis to receive and process requesis for

=4

T

data previously stored in the case daia store 132, the chariing data store 134, or the event lp

£f

data store 146 and one or more second endpoints to receive and process requests 10 store new
data witlun the case data store 132, the charting data store 134, and the event log data stors
146, This configuration can ensure that requests for data alveady stored i the case data store
132, the charting data stove 134, and the gvent log data store 146 can be quickly servived with
munimal fatency. This bifurcated architecture can be helpful because requests to upload ePURs,
case filex, or gvent logs: parse the ePURs, case files, or event lows; and store the resulting
charting data, case data, or event fog data in the case data store 132, the charting data stove 134,
or the evant log data store 146 can require more processing time and rasources.

{8168] I some examples, the interfaces 136, 128, and 144 are comfigured o transiul messages
i the patient encowder data source integration service 130 that notify the patient encounier
data source integration service 130 of (gndéor inglude) newly received case data, charting data,
gvent log data, and association information, Where the messages merely notify the patient
encounter data sowrce miegration service 130 of the presence of new data, the messages can
nclude one or more identifters of the new data that can be yiilived by the patient éncounter
data source integration servive 13} (o retrieve the sew daita from the case data store 132, the
charting data store 134, andior the event log data store, although the inclusion of identifiers of
the new data is pot a requirement. In cerfain examples, the case API 126 §s configured to receive
case files from the medical devices 102, process the case files, and fransmil messages to the
medical devices 102 that indicates the result of the processing. This processing can fuclude
parsing the case {Hes 1o retrieve values of case data stored thersin and storing the case data in
the case data store 132, Similazly, in some examples, the ePCR API 128 1s configured 1o receive
ePCRs from the mobile computing devices 104, process the ePCRs, and transmit messsages to
the niobile computing devices 104 that indicates the result of the processing. This processing
can inchade parsing the ePCRs to retrieve values of charting data stored therein and storing the

charting data and/or the ePCRs in the charting data store 134, Likewise, in some examples, the
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event Jog AP 144 is configured 1o receive evert logs from the mwobile computing devices 144,
process the event ogs, and transmit messages to the mobile computing devices 104 that
ingicates the vesult of the processing. This processing can mclude parsing the event logs to
retrieve values of svent log data stored thersin and storing the event log data andior the event
logs inthe event log data store 146, B shoudd be noted that the ePCRs andfor the event logs can
include association information, which can be referenced by the patient encounter data source
tntegration service 134 o create consolidated case data.

{11611 In some examples, the interfaces 126 and 128 ave further configared to receive requests
from the eicounter review application 148 for consolidated case data. The request can include
a token that uniguely identifies the patient encounter for which consolidated datg is requested.
In response io receiving these requests. the mterfaces 126 and 128 are configured to
inferoperste with the pavient encowter data source wilegrsthion service 130 o prepare sndfor
identify consolidated case data using the processes described herem and 1o vetwrn the
consolidated case data to the encounter review application 148, Where the patient encounter
data source integration service has prepared consolidated case data in advance (e g, inresponse
to veceiving assocition iformation some thue i advance of receiving the request from the
encouner review application 144), the patient encounter daty source niggration service 130
car use the token to simply fetch the consolidated data from #s storage and transnd the
consolidated data to the encounter review apphcation 148

[0162] Continuing with FIG. 1, the chatting data store 134 cou be implemented by, for
gxample, a database (.5, a relational database) and stored on 3 non-transtiory storage medint,
In an amplementation, the charting data store 134 includes a plarality of records that stove
charting data derived from a plurality of ePCRs. Invat least one example, the charting data store
134 15 organized inte a set of relational database ables that includes an ePCR 1able and an
ePCR flelds table. In this example, the ePUR table mcludes rows of data that are each
descriptive of an ¢PCR that documents a patient encounter in the charting data stove 134, Thus,
gach row fn the ePCR table can include fislds configured 1o store o wnigue wWentilier of the
ePCR, s umestamp indicating when the ePCR was created, and metadata descriptive of the
patient encownter documented by the ePCR (g, patient dentificetion information that
umqaely identifies the patient, healthcare providers mmvobved 1n the patient encounter, reasons
the ePCR was closed ended and outcome, unique tdentifters of medical devices and supplies
used in the resolving the patient encoonter, overall issues that occurred during the patient

encounter, and/or a type of dispatched EMS event associated with the ePUR).
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{1163] Continuing with s example, the ePCR fields table includes rows of data that are each
descriptive of a fleld stored within an ePCR. Thus, each row in the ePCR fields table includes
figlds configured fo store a unique identifier of the ePCR 10 which the field balongs, a field that
anicpeely identifies the field amony the fields assoviated with the ePCR, g date/time stamp
indicating when the field was populated with g value, » unique identifter of the sowee of the
value {e.g., a pantoylar medical device or o particular compiting device), and g feld that
identifies {via a type identifier or textual information) one or more values associated with the
field, Notably, cach ePOR can have a large quansity of Helds that each require endry of a specific
data type. For instance, some example ePCRs may have as 100 felds, 200, fields, 400 fields,
600 fields, or more. This quantity of flelds mav be mandated and. therefore, it is tmportant that
each ePCR he complete. Therefore, in sume examples the charting data store 134 andfor othsy
components, such as the ePCR appheation 122, ave configured o prevent wodification/delation
of ePFCR fields by a user of the ¢PCR gpplication. It should be noted that, in some examples,
PCRs can be serialized into files for iransmission 1o the charting dats store 134, In these
examples, the charting data store 134 can store complete and distinet copies of the ePUR files
theroselves {e.g., a8 farge hinary objecis).

{0164} Continuing with FIG. 1, the case data store 132 caw be implamnented by, for example, 8
database {eg., a relationsl database) and stored on a non-transitory storage medivm. In an
implementation, the case dota store 132 inclodes a phuality of recosds that store case data
derived from case files from a plurality of medical devives used to wreat patients during
sncounters. Moreover, in some examples, the case data store 132 can store complete copiss of
the case files themiselves {e.g., as large binary objects) The case data stored in the case data
store 132 can document patient encounters from the point of view of medical devices. As such,
case data generated by a medical device during a patient encounter can include an identifier of
the medical device, phvsiologic parmmeter values of the patient recorded by the medical devics
during the encounter, characteristics of treatruent provided by the medical device to & patient
during the encounter, actions taken by heslthcare providers during the encounter, and
pimestanys documenting when any of this information was recorded. For instance, where the
medical device is a defibrillator, the case data can inglude patient physiologic parameters such
as FCG data for the pantent, as well as characteristics of therapeutic shocks delivered by the
defibrillator to the patient, CPR {e.p., chest compressions andfor ventilations) performance
data, and thmestamps reflecting when the defibrillator was powered up and when this

information was recorded, among other information.
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{#H1165] The event log data stove 146 can be implemenied by, for example, a database (e,
relational database} and stored on 8 pon-travsitory storage wedium. In one exanple, the event
log data store includes a plurality of records that gach specify a timestamped event. The svent
log data store 146 is configured to store & wide variety of gvents. Examples of these events
mclode CPR administration, delivery of therapentic elecirie pulses, provision of medication,
oecurrence of particular ECG rhythns, returm of spontaneous circulation (ROSC), patient vitals
tformation, procedures administered to the patient (e.g., placement of an intubation tube),
medical device power on, entry of protected health information (e.g., information identifving
a patient), provision of medical device prompts 1o the healtheare provider, provision of
treatment (2., chest compressions sensed via accelersiion signals generated from a sensor
located on the sternum of the patient, ventilations sensed via flow/pressure signals generated
from o sensor focated along the patient airvway), oceurrence of particular ECG rhythuns (g,
ventricular fibeitlation, ventricular tachyeardia, asystole, pulseless electnical activity, sinus
thythm, ete), delivery of o thempeutic electric pulse o the paticut, and adminisirstion of
medication, among other svents.

{0166} The criterin data store 136 can be implemented by, for example, a database {eg, &
velational database) and stored on & non-transitory storage medinm, In one example, the oriteria
data store 136 inclades a plorality of records that each spectly a relationship between elements
of association nformation and parameters of case data, event log data, andfor charling data. In
this example, each of the plurality of recovds also includes nformation that ranks the
relationship relative 1o other relationships within the oriieria dats store 136, This ranking can
be accessed by the patient encoumter data sowrce integration service during an ilerative
searching processey, as desoribed further below with reference to FIGS. 15 and 16,

{0167} Criteria dafa store 136 optionally maintains an audit trail that tracks which data in an
integrated record originated from an ePUR charting data file, and which data in the integratad
record originated from a medical device case file. In certain embodiments where confliching
data exists, the most recently acquired data can take precedence over older duta. In other
embodiments where conflicting data evists, the configuration nformation can bhe used o
specily ¢ Merarchy of data sowves that determuine which data takes precedence (for example,
retamned) and which data 13 relegated (for example, discarded).

{0168} In ove implementation an audit il inclades reference numbers Bor each fide processed
by the patient encounter data source integration service 136 along with an mdicstion of the
result of processing each file. For example, a maedical device case file coudd be indivated as (1)

having been merged with another medical device ease file, or (i) merged with an ePCR
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charting dats file. Where multiple original medical device case {iles are merged and the
resulting merged file is subsequently processed by the patient encounter data source integration
service 130, the information o the audit e identifying the original files can be used to allow
the patient encowder data souree integration servive 130 o {1} wwnore the merged file if the
origingl files have sheady been processed; (i) seleet only a portion of the merged file for
integration with an ¢PCR charting data file (for example, i the remainder of the merged file
has already been integrated; or {111} integrate the merged file with an ePCR charting data file
with redundancy information that the ePCR APT 128 can use {o remove redundant information.
{0169} The case data siore 132, the charting data store 134, and the event log daty store 146
can be organized according to a variety of physical andéor logical structures. Tn gt least one
example, the case data store 132, the charting data siore 134, and the event log data stove 146
we implemented within a velational database having a tughly nommsbized schema and
gecessible via a structured query language (SQL) engine, such as ORACLE ar SQL-SERVER.
This schema can, in some implementations, include columns and data that enable the case data
stove 132, the charting data stove 134, andfor the event log daig store 146 1o house data for
multiple tepmgs. In addition, althopgh the description provided above illusirates the case data
store 132, the charting data stors 134, and the event log data store 146 as relational databases,
the-examples described berefn are not Hmited w that particnlar physical form. Other databases
may inchsde flat files wamtained by an operating system and including sevialized, propristary
data structures, luerarchical databsse, wml files, NoSOQL databases, document-oriented
databases and the tike. Thus, the case dinta store 132 and the charting data store 134 as deseribed
herein is not Hmited to 8 particular implementation.

{01781 The case dota stove 132, the charting data store 134, and the event Tog daty store 146
cant securely store the information received from the mobile conmaputing devices 104 suddor the
medical devivey 102 for longer periods of {ime than the remole devices to permit Iater use of
the information. For example, the mobile computing devices 104 may receive protecied health
urformation {e.g., patient-identifving inlormation such as name, address, andfor soctal security
number) vig usér mput directly tnto the wobile computing devices 104, and then may convey
some o1 all of the protected health information to the server(s 108 to query the charting data
store 134 or the event log data store 146 for past records involving the patient 116, In an
wnplementation, the mobile computing devices 104 can couvey some or all of the patient-
identifving information to other servers via the network 112 {o sccess patient records andior
information from vagious databases such as those provided by a medical facility, insuwrance

company, medical billing service, financial record servige, andfor a health information
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exchange. In other examples, the mobile computing devicss 104 can be configured to receive
information v other ways, including withow Hmitation wired or wireless comnunication
anddior messaging.

{0171} The server(s) 108 andior other servers avcessed via the nstwork 112 can then forward
any such vecords or portions of such records back o the mobile compating devices 104 (e.g.
for display 1 an event log screen, a patient charting screen, or past medical history screen} to
assist the healthears provider 118A with the curvent smergency encounter, Similarty, such past
ancounter information may also be accessed by other usess such as or the healthoares provider
1188, according 1o gxanydes of the present disclosure.

{0172} The remwote computing device 186 can include one or wore physical and/or virtual
contputers configured to implement the bealth records data store 110, The health records data
store 110 can inchude records descriptive of patent medical history. These records can include
& variety of patient information, such ag medical history prior ic an encounter, symptoms that
lead to an encounter, any dingnosis identified during the encounter, treatinents preseribed gs a
resulf of the encounter, and outcomes resulting from the treatments. In at least one example,
the vemote computing device 106 and the health records data store 110 collectively act ag
health mformation exchange (HIE) that 1s configured to sxpose one o more intsrfaces that
support health data exchange standards, such as state-wide health dats exchange standards,
regional health deta exchange standasd, HL7 message standards, and National Counctt for
Prescription Drug Programs (NCPDP) script standards. 1t should be voted that the health
records data store 110 can include data generated by one organization or by other organizations

or networks or third-party sources, such as hospitals, clinics, doctors” offices, and pharmacies.

Associating Processes

{0173} In soame examples, the system B is configired 1o execute a vatiety of processes that
consplidate case data from a phoslity of medical device case files, FIG. 4, for instance,
ttustrates a consolidation process 400 that s executed by a mobile comaputing device (e.g., 2
niobile computing device 104 of FEG, 1), a patient encounter data source imlegration service
{&.g., the patient encounter data source integration service 130 of FIG. 1), a case interface (g2,
the case APL 126 of FIG. 1), and one or more medical devices {e.g., the medical devices 102
of FIG. 1},

{0174 The consolidation process 400 stavis with the mobile compating device recetving HR2
gt indicating indtiation of a new patlent encounter. For example, the mobile compating

device may receive input requesting generation of associstion information such as for
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associating data generated by different medical devices involved in the patient ehcounter, input
requesting creation of a new ePCR, or input reguest creation of 8 pew event log. In response 1o
reception of the inpul, the mobile computing device generates 404 {e.g.. via execution of an
association generator 1424 or #42B of FIG. 1) a token o repressit the new patient ancounier,
For instance, the association generator 142 can penerate a UUID and store the UUID as the
ioken in local memory, At some point duriug the patient encounter, the mobile computing
devics acquives 400 one ar more representations of one or more first identifiers of one or more
medical devices used to treat a pattent {e.g.. the patient 116 of FIG. 1) dwring the patient
encounter. For instance, the mobile computing device can acquire an image of a QR code or
identifving tag {e.g., via NFC) that identifies a medical device. Next, the mobile computing
device transnuits 408 one or mote messages specifying assoviation information incloding the
wken and the one ormore first identifiers 1o the patient encounter data source integration
service {e.g., via an ePCR interface or evert log nterfice, such as the ePCR APT 128 or the
gvent log APL 144 of FIG. 1},

{1T78] As another part of the consolidation process 400, the medical devices record 419 case
files for the patient during the patient encounter. For instance, the medical devices miay acquire
patient tme-stamped physiological data, patient demographic data, andfor healthcare provider
performance data and store this case data in association with one or more second dentifiers of
the medical devices in local memory, The medical devices transmit 422 messages comprising
the case files and the one or more second identifiers of the medical devices 1o the case interlace.
The case interface recetves 424 the messagss comprising the case {iles and the one or more
second identifiers and processes 426 {e.g., parses) the tase files 1o generate case data. Nexd, the
case imterface stores 438 the case dats in assoctation with the second idewtifiers within g case
data store (g.g., the case dala store 132 of FIG. 1} for subsequenti processing by {he patient
encounter data source integralion service.

{0176} Continuing the consolidation process 400, the patient encounter data source integraion
service receives 410 the message specifying the association information. The patient encounter
data source integration service identifies 412 fe.g., via execution of one or more associating
processes, sachas those described in detat] below with reference to FIGS. 6, 7, and 12-16) case
data stosed in the cose data store in association with second identifiers that comrespond to the
first identifiers of the medical devices. It should be noted that, although comesponding medical
device identifiers are helpful in identifying case files fov the patient encownter, corresponding
medical device identifiers alone may be fnsefficiamt to positively identify only case files

invvolved in the patient encounter. As such, some examples unlize additional criterion, such as
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timestamps and/or geotags, as discassed fither below. The patient encownter data sowce
integration service generates 44 consolidated case data from the idemified case data and
transmits 414 the consolidated case data o the mobile computing device (... via one o both
of the ePCR mterface and the event log interface). This consolidated case data can compriss
identified case data, charting data, andfor event log dwta, all associated with the same patient
gncounier,

W77 Continuing the consalidationintegration process 400, the mobile computing device
recerves 416 the consolidated data and renders 418 the consolidated data, for example via
execution of a local application {e.g., the ePCR application 122, the event log application 140,
andior the encounter review application 148), In some examples, because the mwobile
computing device 18 the source of the association information for the case files penerated by
the maltiple medical devices linked to the patient encounter, the same mobile computing device
may receive the consolidated data, by request or avtomatically, without requiring the healthoare
provider to separately access other devices which could ptherwise be gn mconverdent exervise
that could involve authentication or other Inconvenient measares,

(01781 B should be noted that o some examples the comsolidated case datg may also be
transmitted 414 to conputing device other than the mobile cormputing device A {e.g., the
mobile computing device 104C or another computing davice) o be rendered 429 on a user
interface display, such as at & medical case review station, remote telemuedicine device, ot the
like. For instance, the consolidated case data may be made available for g clinivian who is
located remote from the scene, so that hefshe can provide guidance ov nstruction for the
healthcare providers who are immediately located onsite. Alternatively, of in addition, the
consolidated case data niay be accessed by a user after the medical event has ended, for post-
case analysis and review,

{0179} It should also be noted that i some examples of the conschidation procgss 400, within
the operation 422 the medical devices stream case files in reab-time to the case interface. In
these examples, the case interface and the patient encounter data source itegration service also
operate in real-time lo identidy case data being streanted as patt of a Bive patient éncounter,
consalidate the stremmed case data, and transnt the consolidated case data to the mobile
computing device for real-time rendering. Accordingly, the consolidated case dala may be
updated in a veal-thme manner so that medical praciitioners ave able to recetve live information
gengrated by various devices located at the scene, 80 as {0 be able 1o achieve a high-level

perspective of all notable occurrences during the patient encourter.
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{88 In some examples, the patient envoanter data source integration service 134 is
configared to identify a plorality of case files {e ., penerated by medical devices located at the
sceng) 10 associate with ong another and, in some implementations, to associate with ePCRs
andror event fogs that dociment a patient encounter. As discussed sbove, medical data from
the case files, ePURs, and event logs can be stored vespeciively withiy the case data storg 132,
the charting data store 134, and the event log data stove 146, along with copies of the case files,
gPCURs, and event logs, In some timpleamentations, associations between case files, ePURs, and
event logs can be sfored within the dafa stores 132, 134, and 146 as well, FIG. 3A ilhustrates
one examyple of a consolidation process S00a execuied by the patient encounter daia source
infegration service 130 in these, and other, implementations.

{0181 As shown i FIG. 5A, the process 500a starts with the patient encountsr data source
integration service recetving 302a association jnformation from the mobile compuoting device
104 located at the scene which has acquired identifving information from the medical device(s)
and subsequently generated the association information to provide the Huk for the data
originating from the medical devicefs}. In some examples, the healtheare provider using the
mobile compating device for agsociating the medical device data may provide input on the
mobile device to gensrate the assoolation information between medical devices, and to send a
reguest 1o the server(s) for associating of the relevant corresponding case files together. The
patient encounter data source integration service can regeive 5023 a message generated from
g interface (e, case APT 126, ePCR APL 128 gudior event log APY 144 of FIG. 1) including
the association information. Allernatively or sdditionally, in some examples, the palient
srcounter data source integration service ca receive 302 the assoviation mformation from a
data store (ep., the charting data store 134 andéor the event log data store 146 of FIG. I In
these examples, the patient gncousnter data source integration service can utihize identifiars of
charting data ot event log daia incloded in a message from the interface to request and receive
502a the association information as contained within the charting data or the event log data.
Altematively or additionally, in these examples, the patient encounter data sonrce infggration
service can reguizst aud receive 3023 charting data added o the chanting dita store or évent log
dats added to the event fog data store afier a predefined timestamp maintained by the patient
gncounter dafa source integration service to mark the fast thme new charting data or event log
data wis requested.

{0182 Continuing the process SHa, the patient encoumter datg source inlegration service
generates e at least one search oritevion based on the association information. In some

exanmiples, the at least one search oriterion specifies the identifters of the plurality of medical
P X g 3
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devices included in the association information and at least one pyedetermuined relattonship
between at least one element of the associntion information and at least one parameter
associated with a medical device case file. The predetermingd refationship can vary betwesn
examples. For mstiree, in some examples, the predeternuned relationship can be an equadity
between the at least one element and the st least one parameter. A predetermined relationship
of equality can be particularly useful where the at least one element and the at least oue
parameter include numeric values or sirings that can be matched or satisfied with precision.
Altematively or additionally, the predetermined relationship can be a proxtnuty or sinlarity
bepween the & least one elerment and the at least one parameter. A predutermined relationship
based on proxtmity or sinvilarity can be particulardy useful where the at least one element and
the at least one parameter inchude tiznestanps, physiplogical measurements taken at different
tmes or by different devices, or other values that can only be matched or satisfied mexactly
{e.2., by satisfving a threshold proximity or similarity). Alternatively or addibonally, the
predeterminesd relationship can be g combination of equality, proxinuty, andfor similarity
betwesn puidtiple clements and parameters. For istance, i one example, the predetermined
relationship requires at least oue of an overlappiug range between & case Start time and 8 case
end timie as revorded in a case file and the association information and an equality between a
patient biometric dentifier from the case file and the association information and an equality
between 8 healthcare provider biometric identifier from the case file and the association
tformation. Tn some bmplementations the overlapping range between the case start times and
gnd times recorded in a case file and the association information begins al the case stari time
included in the association information and ends at the case end time included in the association
information. In other boplementations the target time range beging slightly before or slightdy
alter the case start time included in the association miprmation and ends shightly before or
slightly after the case end ime ncluded i the association information. Thus, the target tims
range may be defined by target range start and end times that are within a threshold proximity
of respective case siad and end times included in the association information, For example, i
the association information indicates a case start time of T0:00am and a case end e of
Bk 13am, the target time range may be $:535am to 103 am, 2:58am to H:16am, 9:3%um
1H20am, 10:0lam to 10:15am, 10:00am to 1 ldam, or any other suable range. Thus, it will
be appreciated that the difference betwesn the target range start fime and the association
information case start time is not necessarily the same as the difference between the target
range end tme and the assoctation information case end thme. In general, olocks between

different medical devices may not be exapetly synced with one gnother. Tn some embodiments,
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the case start times/end times exactly match between the medical device case file and the
association nformation.

{0183 In some sxamples, the at least e predeternuned relationship is a hardeoded part of the
patient encoumter data sowrce hitegration service, In these examples, the patient encounter data
source ntegration service generates S04a the af least one search eriterion by identifying the at
least one element within the association information and associating the at least one element
with the predetenuined velationship. For example, where the predeiermined relationship &
proxvimal and reguives a parameter of a case file be within a range of an element of the
association information and the element is & Umestamp indicating when a case documenting an
ehcounter was started, the patient encounter daly sowes integration service peneraies 504a the
at least one search criteriom by 1dentitving the timestanyp within the assoviation information
and associating the tirestavnp with the range of Case start times for subsequent ase i searching
St6a. It should he noted that such g wmnge can be g dynamie valpe calenlated by the patient
gncounter dats source integration service andéor a predetermined value, For instance, 8 range
can include a calaudated range bebween a case start time and a transfer-oficare time from the
assoctation information. Aliernatively or additionally, s predeteniined range of case stant times
cant be, for example, between O-1, -2, 0-5, and 1-10 mimstes. Any given predstermingd
relationship canapply these vanges betwesn elements and time parametass indicating the same
event {e.g., case stat thmes) or between elements and thme parameters indieating different
events {e.g., & case start time and & reatment time or a transfer time),

{H84] Tn some examples, the at least ong predetermined relationship is softcoded and stored
within a critena data siore {e.g., the criteria data stove 136 of FIG. 1} In these examples, the
patient encounter dafa sowrce integration service can generate S04a the ot least one search
criterion by identifying  preferred predeternvined relationship front the criteria data store pricy
o wdentifying, within the association information as described above, the at least one slement
specified by the predetermine relationship. For instance, in some examples, the patient
encounier data sonrce integration service can identify the preferred predetermined relationship
by finding the predetermined relationship with the highest rank that has not yet been used by
the current instance of the process 500a,

[0185] It should be noted that each of the at least one element and the at least one parameter
cant be a single element of parameter or a plurality of elements or parameters. For instance, in
some examples, the ot least one glement is a timestamp indicating 8 tme when an ePCR or
event fog was opened and the at least one parameter is a tmestamp indicating a time when a

case file was started, In other examples, the at least one element includes a plurality of elements

62



WO 2021/202490 PCT/US2021/024833

and the at least one parameter includes a plurality of pavanisters. In some of these examples,
the plurality of elements includes & tmestamp indicating a time when an ePCR or event log
was uploadad to the server(s) 108 and au identifier of a mobile computing device that generated
the ePCR or event fog and the plurality of parameters meludes a Umestamp mdicating 8 fims
when the case fle was uploaded to the server(s} 108 and an identifier of & wedicad device that
geuergted the case file. Other slements of association information can include patient
identifiers, healtheare provider wdentifiers, medical device idenuifiers, timestamps indicative of
patient  transfer, patient treatmeni information, patiest medical mformation, patient
demographic information, and physiological measurements specified in the charting data,
Other parameters associated with case files can include patient identifiers, healthcare provider
identifiers, medical device identifiers, tmestamnps indicative of patient transfer, patient
weatment infosmation, patient medical information, patient demographic information, and
phystological measurements taken by g medical device specified in the case file. The patient
identifiers can inchude blometric information {e.g., factal recognition information, fingerprint
information, retinal scan information, and the like). The medical device identifiers can include
wentifiers mantally entered into an ePCR, Wentifiers retrieved Trom memory of the medical
device, identihers electronically tranvinitied by the medical device to the mobile compuling
device, andior identifiers scanned from a bar or gquiek response code associated with the
medical device. The physiological measerements can include blood pressuare, body
temperature, respiratory rate, heart wate, and elecirocardiogram (EC(H) data, ameng other
physilogical data,

{186] Condinuinig the process 300a, the patient encowsfer dala source integration service
searches 5062 the case data for o cage file that matches or satisfies the at least ong search
criterion, During this searching 306z, the patient sncounter data source imgegration service can
identify 3083 a case fils to associate with the association information based on the &t least ong
search criterion. For instance, the patient encounter data source ntegration service can identity
5083 p case file s a corvesponding case file whers o parsmeter associated with the case file,
stored in the case data, satislies the predetermined relationship with an element of the
association information stoved in the at least one seavch criterion.

[187] Where the patient encounter data source integration service idestifies 308a am
assoctation of comesponding case data, the patient encounter data sowrce integration service
stores S1¢a an integrated data source encownter structure mcluding case data (which may be
streamiing real-time]) from the phashiy of medieal device case files for subsequent processing,

gud the process 500a ends. The inteprated data source encounter structure can include, for
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example, a copy of or a pointer to the one or more of the plurality of medical device case files,
case data generated from the phwality of medical device case files, andior charbing data andéor
evad log duta containing or associated with the association information. As described above,
association information cat be associated with charting data andfor event low data via an
identifier of a mobile devive used (o cremte both the association information and the charting
data and/or the event log data. Further, in some examples, the integrated data source encounter
stractare gan nclude a supplemented ePCR or gvent log that includes case data tmported frow
and the associated pharality of medical device case files. The integrated data souvce encounter
structure can be stored, for example, in the charting data store, the event log data store, and/or
the case data store.

{0188} FIG. 3B ilustrates an example of an integration precess SO0 that is executed by the
patient encounter data source integration service 130 and it identiBes one or more medivyl
device case files that include 8 medical device identifier that matches {e.g., exactly or closehy
matehing) a medical device identifier incladed i the association information,

JI8%] As shown in FIG. 5B, the process 500b starts with the patient encounter data sowce
inegration service 130 receiving 302b associaton informoation uploaded by the mobile
conputing device 104, The patient encounter dala source integration servics 130 ¢an recgive
302b within the proeess S00b by executing actions such as those excouted by the patient
encounter dala sowrce integration service 138 to receive 502 within the process 300 described
gbove with reference to FIG, 3A.

{01901 The patient encounier data source integration servive 130 genevates 504b at least ovne
search eriterion that specifies that a medical device identfier inchuded i the association
information matches (e.g., exactly or closely matching) & medical device identifier included in
one or more medical devive case (iles, The medival device identifier may inchade information
from, for example, an RFI} tag, a barcode, o a QR code. The medical device identifiars can
include identifiers manually entered into an ePCR, identifiers retrieved from memory of the
medical devices, identifiers electronically transmitted by the medical devices to the charting
device, andfor identifiers scanned from a bar or QR code gssociated with the medical devices,
{9191} Continuing the process 300b, the patient encounter data souree integration service 134
searches SO6h for case files that satisly the at least one search criterion. In particular, the patiemt
encounter data source tegration service 130 searches for medical device gase ftles that include
a medical device identifier that matches {e.g., exactly or closely wmatching) 8 medical device
identifier inchuded in the sssociation mformuion. Where the patient encounter data source

integration service 130 identiftes 508 one or more case fles that inchude the medical device
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identifier based on the at least one search criterion, the patient encownter data source integration
service 130 stores S10b an imegrated data souree encounter structare incloding case data and
the process S00b ends. The patient encousster data sowrce integration service 130 can stors 310b
within the process S00b by executing actions zuch as those executed by the patient encountst
data source integration service 1300 store S10a within the process S0 deseribed above with
reference to FHI. 54,

{0192} Anotber example of an integration process that Is executed by the patient sncounter
data source invtepration service 130 identifies ¢ medical device case file that includes a case
start tioe andior case end time that matehes {e.g., gxactly or closely matching) a case start tine
andfor case end tuve included in the association information. As used herein, maiching a case
start time andiy end thine from a medical device case file with a case start time and/or end tims
inchoded in the association information can inclade times that ave within a target time range. In
some nplementations the target tme range beging @t the case stant thne included in ihe
association information and ends at the case end time included in the association information.
I othey implomentations the target time range beygins shiybtly before or slightly after the case
start time incladed in the associanion information and ends slightly before or slightly after the
case end time included in the association mformation. Thus, the target time range may be
defined by target vange start and end times that are within & threshold proximiity of respective
case start and end tmes incladed in the association information. For example, if the association
trformation indicates a case start time of 10:00am and a case end time of 101 San, the targst
tinie range may be 9:55an to 10:20mm, 2:35am to 1 oany, $:5%m to 10:20am, 10:0lam ©
1 5amy, 10:00@m 1o 10:14am, or any other suitable range. Thus, it wilt be appreciated that the
difference betwesn the tavget range start tme and the sssociation information case start ime s
not necessarily the same as the differsnce between the target range end time and the association
mformation case end thne. In general, clocks betwesn different medical devices may not b
exactly synced with one anather, In some embodiments, the case start timesfend thnes exacily
natch between the medical device case file and the association information, hy an example
process, the pattent encounter data source injegration service 130 generates at least one sewrch
eriterion that specifiey that a case start time andfor case end tinye included in the charting data
matches (e.g., exactly or closely matching) a case stant tme andfor case end tme ncluded in
the medical device case file. For example, in one implerneniation g case statt time incloded in
the association information maiches a case start time mchuded in & given medical device case
file. In another implementation, 8 case end time incladed In the association information

matches a case end ume included in a given medical device case file. In another
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implementation, (a) a8 case start time mchuded in the association nfonmation matches a case
start time included in a given medical device case file and (b} 8 case end thme weluded in the
association information matches a case end time included I a given medical device case file.
The patient encounter daia souree integration service 130 then searches the case data for ong
or wwore case files that satisfy the at least one search critevion. In particular, the patient
gncounter data sourge integration service 130 searches for one or more medical device case
files that include a case start time andfor case end time that matches 2 case start time andéor
case end time included in the association information, Where the patient encounter dats sowce
integration service 130 identifies one or move case files o gssociate with the association
information based on the at least one segreh critevion, the patient sncownter dafa sowrce
mtegration service 130 stores an infegrated data source epcoander structire, for example by
executing actions such as those executed by the patient encounter data sowrce integration
service {30 (o store 510a within the process 3002 described above with reference to FIG. 5A
0193 FIG. 5C iHastrates an example of an integration process S00¢ that is executed by the
patient encounter data sorce titegration service 130 and that identifies one or more madical
device ¢age files that inchude o case start tine andfor 8 case end thime that are within a “target
thime range” that is defined based on case start and end times inchuded in the association
information. In some mnplementations the {arget time range beging at the case start fime
fncladed in the association information and eads at the case end time included in the association
information. In other inplementations the target time range begins shightly hefore or slightly
after the case start time twluded in the assovtation information and ends sliglily before or
stighily after the case end time included in the associstion mformation. Thus, the targei time
range may be defined by target range start and end times that are within a threshold proxinuty
of respective case sturt and end times inchuded i the association information. For example, if
thg association information mndivates 3 vase stast thne of [100am and a casg end time of
10:15am, the target tme range may be 2:55am to 1:20am, %35am to 10:16am, 5% m 10
10:20am, 100 am to 1001 3am, 10:00am (o 1 Tdam, or any other suitable range, Thas, i will
bhe gppweciated that the difference between the target range stant time and the association
information case start time is not necessarily the same as the differcace between the target
range end time and ihe association nformatton case end time,

{0184} As shown in FIG, 5C, the process S00¢ staris with the patient encounter daia source
integration serviee 13 recetving S02c association mformation uploaded by the mobile
computing device 104, The patient encounter data source integration service 154 can receive

502¢ within the process 300¢ by execuling sctions such as those executed by the patient
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encounter data source nfegration service 13010 recgive SO within the process Siia deseribed
above with reference to FIG. SA&.

{0195} The patisnt encounter daia source integration service 130 gensrates 304¢ at least ons
search criterion that specifies that a case stant tine and a case end tume included in one or mors
medical device case files are within a target time range. As noted above, the tavget tme range
is defined hased on case stagd and end times included in the association information. In some
tmplementations the target time range begins at the case stant time included i the association
wmformation and ends at the case end time ncluded in the association nformation. In other
imyprlementations the target time range begins slightly before or slightly after the case start fimg
included in the assoctation information and ends shightly before or stightly after the Ccase end
fime mcluded in the association information.

{0196} Contimung the provess SO0, the patient encounter data souree integration service 130
searches 506¢ for one or more case files that sausfy the at least one search criterion. In
particular, the patient encounter data source integration service 130 searches for one or more
medical devics case files that inchide a case start tirne and a case end tinme that are within the

pecified target time range. For example, in one implementation the patlent éncounter data

N

souice integration service 130 gensrates 304 the gt least one search criterion by defining the
target time range based on relevant tmestamps within the association information, In snother
irplementation the patient encowter data source integration zervice 130 generates Mide the at
least one sgarch criterion by defining the target time range based on relevant timestamps within
the association information and applying a suitable threshold proximity to the tarpet range start
time and/or the target range end thne. Thus, the target Ume ranpge is not necessanty defined by
the start and end timey incloded in the associastion information. Where the patient encounter
data source integration servige 131 identifies 508¢ one or more cuse files to assouiale with the
association information based on the at lzast one search crilerion, the patient encoarler data
source itepration service 130 stores $10c an integraled data source encounter structure and the
process $00c ends. The patient encounter data source integration service 139 can store 51l
within the process 300¢ hy executing actions such as those execuied hy the patient encounter
data source integration sarvice 130 to store 310a within the process 300a described above with
reference to FIG. SA.

{0197} FIG. 5D sllustrates an exanple of an integration process 5004 that is evecuted by the
patient encounter data source integration service 130 and that identifies one or more medical
device case files that nclude (3) 2 medical device ideniifier that matches {eg., exactly or

closely matching) a medical device identifier included i the assoctation information, and (b)
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a case start tume and a case end time that are within a “target time range” that i defined based
o case start and end gmes included in the associntion information. As noted sbove, It some
inplementations the target time range begins af the case start thne included m the association
information and ends al the case end time mcluded in the association nformation. In other
implementations the target thne range begins shightly betore or slightly alter the case start time
included in the association information and ends slightly before or stightly afier the case end
time included i the association information. Thus, the target times range may be defined by
target range sart and end times that are within a threshold proximy of respective case start
anid end times included in the association information, as discussed previousty with regards w
FlGs, 54 - 5. The difference beiween the farpet range start ime sud the associalion
mformation case start e is not necessarily the same as the difference batwesn the target
range end thme and the association information case end time.

{H198] As shown in FIG. 5D, the process 500d starts with the patient encounter data souwree
tntegration service 130 receiving 502d association information uploaded by the mobile
compuiting device Hid. The patient encounter data source integration service 130 can receive
5024 within the process 300d by executing actions such sg those executed by the patient
enceunter daty sotrce infegration service 130 to reveive 502a within the process 300a describad
above with referance o FIGL SA,

{0199} The patient encounter data source integration service 130 generates SG4d at least one
segrch criterion that specifies that {a) a medica! device identifier included in the sssociation
information matches (8.5, exactly or closely matching) a medical device identifier included in
one or move medical device case files, and {b) a case start time and a case end tme included m
the one or more medical deviee case files ave within a target time range. As noted above, the
target thme range Is delined based on case sturl and end times ingloded in the association
informanon. In some implementations the target Uime range beging al the case start tims
incloded in the association information and ends af the case end time inchuded in the association
iformation. In other implementations the target time range begins shightly before or shuhily
after the case start time included in the associgtion fnformation and ends shightly before or
shightly after the case end time incloded in the association information,

{02861 Continuing the process 5S00d, the patrent encounter daty source integration service 134
searches 5064 for one or more case files that satisly the al least one search enitetion. In
particutar, the patient encounter data source integration service 1M} sanrches for one or more
medical device case files that include £2) a medical device identifier that matches (e, exactly

or closely matehing) a medical device identifier included in the association information, and
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(b) a case start time and a case end time that are within the specified time range. Where the
patient encownter data source integraton service 130 identifies SO8d a case file to associate
with the association information based on the at least one search criferion, the patisil encountsy
data source integration service 130 stores S10d an integrated data source sneounter structurs
and the process S00d ends, The patient encounter date sowree integration service 130 cap slore
310d within the process 300d by executing actions such as those executed by the patient
sncounter data source integration service 130 to store 510a within the process 500a described
above with reference to FIG. SA.

{0201} Ax noted above, a search criterion specifies at least ong relationship between medical
device case files and enables the wentification of one or muwe of the medical device case files
that have data to be infegrated nto an inteprated data source encounter structure. FliGs. 5B
ihwough 5D iltostrate example file integration processes, each ol which uses one oy move search
criferta to search for and identify one or more medical device case files. Other search criteria
gan be used in these and other implementations, including one or mere of the following: {1 a
search critevion specifyving that a case start time inchuded in a medical device case file is within
a threshold proximolty of & case start tme included in associgtion information; (1) a search
criterion specifving that a case end time included in a medical device cass file 15 within a
threshold proxtmily of o case end time incladed in association mformation; (1) a search
criterton specifiving that case start and end times included in 2 medical device cage file are both
within a target time range, wherein the target time range begins ol a case sian tims included in
association information and ends al a case end time inchuded in the association information;
and (iv) a search criterion specifying that case start and end thnes included by o medical device
case file are both within g target time range, wherein the target time range beging at a specified
duration before a case slart time inchided in association information and ends at the specified
duration after a case end time incleded in the association mformation. In implementations
where a search criterion that relies on comparing tmestapps included in association
information with Hmestamps fuchuded 1n g medical device case file, optional adjustments can
be included to account for different time standards upon which the tmestamps in the
association formation and the tintestamps in the medical device case file are based. Such
differing time standards may be the sesalt of using different thme zones or wsing davlight
savings tme.

10262} The various search criteria and methods described in FIGS. 3B, 3C, and SUTmay depend
gpon various equipment configurations and capabilitics. These configarations and capabilities

may determine the manner i which the case start e, the case end thme, and/or the medical
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device identifiers are recorded in the integrated data source encounter structure. For example,
these values may be automatically recorded or manually entered or triggered. Further, these
configurations and capabilities mav deternune whether ong or mors of the case start time, the
case end time, axdior the medical device wdentiflers are available as search critenia. Foy
example, ina svstém that Iacks the capability to aviormatically record or prowapt for one or more
of the case start time, the case end time, andfor the medical device identifiers, one or more of
these values may be unavaitlable for use a5 a search criteria. Finally, these confignrations and
capabilities may deterpiine the relative reliability or accuracy of the case start time, the case
end time, andor the medical device identifiers as search criterta. For example, antomancally
recorded values may be more accurate and reéfiable than manually emered values,

[0263] The association mformation may inchude a case start tung and a vase end time. Thess
tmes may be recorded autontaically i, for example, 4 patient charting file or eventlog. In an
implementation, these times may correspond fo clock times on the mobile computing device
104, For example, the case start thme may be the clock time a which & patient charting
application or evertt log application opens and initiates 8 new charting {ile and the case end
time toay be the clock thme at whuch the padent chavting application or event log application
closes the charting file. As another exsinple, the patient charting application or evemt log
application may receive a case start fime transiitted from a computer atded dispatch (CADY or
other dispatch server or device to the mobile computing device 104 and record this time in the
patient charting file or event log, which may be included as part of the association information.
This vase start time may corraspond to 8 clock time at the CAD or dispateh server or device al
the tme the case is assigned {o an EMS crew. As o firther example, the time may cortespond
to & clock Ume on the mobile computing device 104 at which the BEMS créw accepts a case
assigniment {rony the CAD or other dispaich server o device, In this scenario, the mobile
compating device 104 may display the cass assignment, prompt the user for an acceptance, and
automatically record the acceptance time as the case siart time in the patient charting file or
gvent Ing. In some embodiments, 8 case start time may correspond 1o the time at which & user
gctivates andior inttiates a Case file with ong or more of the medical devices associsted with
the medical event. Ax vet another example, the mobile compating device 104 may receive time
al a patient gramsport destination {eg. based on a WIFI or BLUETOQOTH or other
conumunicalive coupling initiated at the transport destination) and sutomaticalty record this
received time as the case end ihme. As vel a farther example, the mobile computing device {4

iy transiit the case file 1o the charting data store 134 andfor 1o 2 remote computing device
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16 {e.g., & hospital server or other conpruting device at a patient transport destination) and the
mobile computing device 104 may record the time of transmission as the case end time.
{0204} In an implementation, the mobile compuing device 104 may recaive and antomatically
record the case start time and/or the cave end time fromm o geofencing applivation on the muobils
computing device 104, For example, the geofencing application may provide a case start time
i the mobtle computing deévice 104 based on the wobile computing device 104 crossing a
geofence ground an EMS agency location or around a patient location. As another example,
the geofencing application may provide a case end time to the mobile competing device 104
based on the mobile compuiing device 104 grossing a peofence around o patient location o3
aroumd a patient transport destination {e.g., a hospial, 3 doctor’s office, a dialvsis center, a
psychiatric center, or ether care provider location). Similarly, the mobile computing devics 104
may receive and avtomanically record the case start nme andfor the case end Bme based on one
or marg GPS coerdinates of the mobile computing device 104,

JO265] In some implementations, the case start time nay be a time of treatment {e.g., a time
that defibrillation shock, drug, or other therapy was delivered (o the patient by the medical
device. The medical device also vecords times at which the device provides therapy (e.g. as a
time-stamped event markery. Thus, a correlation between “case start thme” may lnchuds 8
correlation bebween therapy delivery tinwes as recorded m the association mformation and in
the medical device case e, The association mformation may receive this information from
the medical device {e.g., 95 transmitted information) or nuay receive this information vig an
sniry o the association information.

{1286] In an anplementation, mobile computing device 14 mayv prompt the user {0 esier or
confivm a case start tine andfor a case end tine at the ¢PCR application 123 or the event log
application 144, The mobile computing device 104 may record this user emtered or condirmed
time 1n the association information. In this case, the recorded tine may be a clock time on the
mobile compating device 104 confirmed by the user or may be a time pathered from a watch
or other time source separate from the mobile computing device 104 and entered mio the
gssociation infornwation by the user,

{2871 For case times and other gntries to the association information as discussed herein, these

entries may be manual entries (e.g., via a kevboard), audio entries (e.g., via a microphone and
a speech recognition capability at the mobile computing device 104), enines captured via sn
smugmented reality device, andior entries captured al & wearable device that either

communicates with the mobile computing device 104 or servers 108,
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JI268] In some scenarios, the case end time may lag behind the actual discharge of the patient
from the care of EMS. For example, an EMS crew may transport a patient (o a hospital,
discharge the patient o the hospital, and then procged o complete the patient chart. This lag
time may be necessary operationally if the EMS crew does not have time to complele patient
charting during the patient care becawse they do not have time to divert their attention from the
patient care to the task of patient charting, Thus, even if a communicative coupling exists
hetwesn the mobile computing device 104 and the medical device(s) HIZA-URN with a
safficient bandwidth and signal strength to wansfer files between these devices, the file
assoctation may st need 1o occur in the cloud because the association information may not be
complete until some time afler the event. Ad this tme, the relevant medicat device(s) may be
redeploved o powered off. Additionally, iy some cases, for pirvacy and dala profection
reasons, a caregiver must mamally Juitinte o confirm 8 Hle tansfer from a medical device to

¢ mobile computing device. I the caregiver forgets to inttiate this transfer, the fite association

gan still ocour i the cloud wather than based on a device 1o device transfer, Furthennore, the
medical devices, the patient charting application, and/or the event log application may be from
different vendors and may not be compatible with oue another in terms of file formats,
Therefore, sven with an available communicaiions channel, in the absence of an appropriats
software development kit {SDIK), file transters between these devices may not be possible and
may require a fHe association in the cloud as deseribed hesein.

02691 The case end time may corresponid to a completion of the association information or a
time entered by the user, In vinlous implementations, the vase start thve in the association
information may be a time at which a caregtver arrives af the patient scene {e.g., an “at patient
side time™) and the case end time may be a time at which the patient is discharged from the
care of EMS {e.g.. & “lime of patient care transfer™). The time at which the carggiver arrives at
ihe patisni scene may be the earlisst time at which a medieal device vould be deployed andior
activated for use on the patient. Thus, this time may be the relevant case start time. Similarly,
the time at which the patient care is transferred away from EMS is the latest time at which a
medical device could be detached from the patient andfor deactivated. In some embodirents,
& case end hme myy cotrespond to the time at which a user deactivates and/or closes a curvent
case file with one or more of the medical devices associated with the medigal event. Typically,
upon arvival at a fransport destination, such gs a hospital, o patient 75 transferred from medical
devices belonging o the EMB agency to those belonging to the hospital.

{0216} During care of the patient, the EMS crew may couple the patent to one oy more medical

devices. The medical device nay antomaiically record a case start time or g vase enid ime as a
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time of power on or power off or as a time at which a patient interface device is coupled o or
removed fom the patient. The medical device may recognize this coupling or removal based
on the presence or absence of a physiologic signal from the patignt or based ou 1 sensor signal
that indicates 3 patiend connection {e.g., a closed circuit based oun a propet sttachment of a pair
of electrodes 1o a patient) or based on 8 sensor signal indicating that a patient interface device
hgs been removed from a package or otherwise deploved. In an plemeniation, a medical
device and 3 mobile computing device way communicatively couple and ong or more both
devices may record & case start time andfor @ case end time based on a time associated with the
inttiation of conuwnunications, In an implermentation, o medical device may regquest a dser enfry
or confirmation of a case start time or a case end time:

{0211} In an mplementation, the medical device(s) T02A-TUIN may automatically record a
device identifier i the wedical device cage file. For exanple, this device identifier may be o
code unigue to the particalar medical device (e.g., a serigl pumber and/or model mamber andfor
other identifying information) ncluded as metadita with the medical device cuse file, In an
implementation, the medical device(s) T0ZA-HEN may communicatively couple with the
mobile computing device 104 and trassmit the wedical device idemiifier w0 the mobile
computing device 104, The mobile computing device 104 may actomatically record this
ideptitier i the association fornsation. In an inplemeniation, the medical device(s) 102A-
102N may include the muedical device identifier on an exterior housing, for example, on an
affixed tag or sticker or as an embossed or engraved code. The carepiver may visnally nspest
this code and manually enter the code at the gPCR application 122 or the event log application
T Altematively, the caregiver may capiure the code using a camera or other visuad recordmg
device and transmit the captured code o the mobile computing device 104 for recordation in
the association information. As another option, the medical device identifier may be o bar code
of QR code and the caregiver may caphwre the code using a scanner and transoi the capturad
code to the mobile computing device 104 for recordation in the association information. In an
fmplementation, the mohile compuiing device 104 may include the carera and/or the scaaner.
As a further option, the caregiver may read and vocalize the code and the mobile computing
device 104 may include a microphone confipured to capture the audible mformation and
aptomatically record the code in the association information. In an mplemeniation, particular
medical devices may be associated with a particutar EMS crew andior EMS veliele, In such
an tnplementation, the caregtver may provide & crew or vebicle identification to the association

wformation and the mobile computing device HM may comsslt a look-up table or other
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reference to associated a medical device identifier with the association information based on
the crew or vehicle identification.

{0212} Given the various possible modes of fime recordation on the mobile conputing device
104 and the medival device{s) 102A-102N, the reliability and acveracy of any vorrelation, or
anaich, between the tiwes iy the association informaiion and the medical device case file may
vary to differing degrees depending on how each device records these times. Similarly, the
varions possible modes of capturing and recording the medical device identifier by the mobile
computing device 104 may determine the reliability and acouracy of any correlation, or match
between the information in the association mformation angd in the medical device vase file.
Therefore, o svstem may use one or other or both of these ¢riteria, as exemplified in FIGS, 3B,
5C. and 3D, as search critena for {ile associations.

{0213] Use ofboth of these eriteria may be not be necessary for a small EMS agencey that owns
only one or a few medical devices, such gs defibrillgtors, amomated compression devices,
ventilators, ete. andfor has only ane or a few medical devices deploved simultaneously (e.p.,
for two concurrent emergencies or scheduled transports). In this case, the times may be
sufficient o associate the medical device case files and the association information. However,
for a large EMS agenty, such as an agency in a major metropolitan arsa, the agency may own
100-200 medical devices and may have 18-20 concurrent deplovments. In this case, the times
may be sptficient and the medical device identifiers may be nesded in conjunction with the
times for accaracy of the file associations. This situation may be particularly true for a mass
gasualty situation whers the times would substantially overlap between patiends and there may
be confusion in the field regarding tanely recordation of medical device identifiers. Thevefore,
i this case, the search oriterion may require several parsmeters for reliable and accurate Sle
associations. A multiple or mass casualty situation slso provides another example of a sitystion
i which a {ile association mav need o oecwr i the cloud even if a commumicative coupling
exists between the mobile computing device 14 and the medical device(s) 102A~102N with a
sufficient bandwidith and sigoal strength to transfer files between these devices. For example,
if a long range comnwumcative coupling such as WIFT or cellular is unavailable {e.p., v an
itertor space, a parking garage, an wban canyon, & remote location, ete), the devicss may
ouly be able to communicate vig a short range conneciion such as BLUETOOTH. However,
multiple devices within short range communications distance of one gnother may terfere with
detection capabilities that enable an avtomatic transfer of files between the medical devices

and the mobile computing deviee.
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284 FIG. 6 illustrates one example of an associating process 600 execuied by a patient
encounter data source integration service (e.g.. the patient encoonter data source integration
sepvice 130 of FIG. 1) in some implementations. The patient encounter data source integration
servive can be configured (o execute the process 600 1 response (o an event, such as expiration
of a pertodic timer anddor a request from a calling process {e.g., the ePCR APL 128 and ov the
event log APL 144 of FIG, 1)

[0215] As shown in FHR 6, the process 600 starts with the patient sncounter dats source
interation service receiving 602 association information. This association information may be
included in @ message from the calling process or storedd with charting data or event log data
processed by the patient encounter data source infggration service i response fo expiration of
the periodic tiner. After receiving 602 the association information, the patient snconnter data
source infegration service genevates 604 at least one search eriterton based on the association
itformation and searches 606 case data stored in a case daty store {e.g., the case data store 132
of FIG. 1} for one or more case files that mateh or satisty the at least one search eriterion. In
some examples, the patient encounter data source integration service can receive 602, penerate
504, and seatch 606 within the process 600 by execating actions such as those executed by the
patient encounter data source integration service vy receive M2, venerate 504, and search 306
within the process 300 described above with reference to FIG. 8.

{0218} Next, the patient encounter data source integration service detesmines 608 whether at
least one corresponding case file was identified by the search 606, Where the patient sncounter
data source integration service determines 608 that at least one corresponding case file was not
found, the patient encounter data source mtegration service generates and returns 012 an error
message to the calling process, and the process 600 ends. Where the patient encounter data
soyree infegration servive determines 608 that st least ong corresponding case file was found,
the patient encounder dain sowrce integraiion service retams 610 a message inchuding the at
least one corresponding case file or at least one identifier thereof {0 the calling process, and the
process 600 ends.

10217 FIG, 7 dlustrates one example of an associating process 700 executed by a patient
eneounter daia sowrce integration service (e, the patient encountey data source integration
sgrvice 130 of FIG. 1) in some implementations. The pattent encountter data source mtegration
service can be configured to execute the process 7 in response to an event, such as sxpiration
of a periodic mer andfor a request from a calling process {e.g., the ePCR APL 138 of FIG. 1}
10218] As shown in FIG. 7, the process 700 stasts with the patient encounter dala sousce

integration service receiving 702 association information. This association information may be
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included in a message from the calling process or stored with charting data or event log data
proceased by the patient encounter datg source Integration service in response to expiration of
the periodic timer. After receiving 702 the association information, the patient sncounter data
soutee Infegration service penerates 704 at leant one search ertterion based on the association
nformation and searches 706 ¢ase data stoved in g case data store {e.g., the case data store 132
of FIG, 1) for one or more case files that match or satisy the at least one search criterion, In
some examples, the patient encourtter data scurce tegration service can recetve 702, gencrale
744, and search 746 within the process 706 by execuling actions such as those executed by the
patient encounier data source integration service to receive 502, generate 504, and search 506
within the process 500 described above with reference to FIG, §.

{0219] Next, the patient encountey diata source integration service determines TOR whether at
least one corresponding case file was identified by the search 706, Where the patient encounter
data source ntegration service determines 708 that at least one match was not found, the patient
sncounter data source integration service resets 714 resels a timer (e.g., the event-inggering
periodic timer described above) and transmits 716 a return message o the calling process that
indicates no corresponding case file way found. Where the patient encounter data sowrce
integration service determings 708 that at least one corresponding case file was found, the
patient encounier dala source integration service refurns 710 the ot least one corresponding case
file or at least one identifiey thereof to the calling process, and the process 700 ends.

{02201 FIG. & tlostrates one example of a consolidation process 800 executed by g plurality of
medical devices, & patient encounter data source integration service, and & mobile computing
device {e.g., the medical devices 102, the patient apcounter data souwrce integration service {38
and a mobile computing device 104 of FIGH 1) in some implementations. As shown in FIGL §,
operaticns rendered with dashed line boarders may not present in soms examples,

{0221} Within the process 800, the mobile compuating device tramsmits 802 a vequest message
10 the patient encounter data source integration service, This request message can inclade a
request 1o associate 1o case data (e.g.. a medical device case file or a portion thereol) from

se can include association

£

siltiple medical device case {tes 1o one anather. The request messa
information to be used o develop at least one search criterion andfor en identifier of such
association information to be {e.g., an identifler of chanting data andfor event log data that
subsumes the asspciation wformation within g chanting dita store andior an event log dats store,
stich as the charting data store 134 and/or the event log data store 146 of FIG. 1) In some
examples, themobile computing device can transmut the request message and/or the association

information to the patient encounter daja source integration Service via ong or more Messages
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to an POR interface andfor an event log inierface (e, the ePCR APL 128 andior the event
log APL 144 of FIG. 1) implemented by a server {e.g., a server of the server(s) 108 of FIG. 1),
Altematively or additionally, the mobile computing device can store the association
mformation within the charting data store andfor the event log data store via the ePCR inierfacs
andfor the evert log interface as part of wansmitting ¥02 the request message,

{02221 Continuing the process 800, the patient encounter dala source integration service
receives §04 the association information from the ePCR interface andior the event log interface
or the charting data store and/or the event log data store. This action is followed by the patient
encounter data source integration service generating 806 gt least ong segrch criterion based on
the assoctation information, T some examples, the patient encounter data source hidegration
service can receive MM and generate Ri6 within the process 800 by executing actions such as
those executed by the patrent encounter data sourte ftegration service (o receive 502 and
penerate S04 within the process 500 described above with reference 1o FIG. §,

J02231 As shown in FIG. 8, the medical devices transmit 808 one or piore request messages o
a case interface {e.g., the case APL 126} tnplemented by a server (e g, a server of the server(s)
108 0L FIGL 1) The request messages can nclude one or more réquests to npott a plorality of
case files into a case data stove (e.4., the case data store 132 of FIG. 1), The raguest messages
cary inclode the vase files 0 be mported. In response to receiving the request messages, thi
case inderface can receive the case files, parse the case files {0 retrieve case data from the case
files, store the case data and/or the case fles in the case data store, and transmit one or move
response messages to the wedical devices that indicate resolis of processing the requesi
IeRSages.

{02241 Continuing the process 800, the patient encounter data source infegration service
identifies 810 ase duta assoviated with the imported case files ax satistving the at least ong
search criterion. In some exampiles, the patient sncowster data sovwee integration servicg oo
identify 810 within the process 800 by executing actions such as those executed by the patient
gncounier data source integration service in identifving 508 within the process 300 described
gbove with reference to FIG. 5. The patient encounter data source imtegration service can
further generate and transmit a confirmation request including one ov move identifiers of case
files andior other metadata descriphive of the case files to the mobile computing device as part
of tdentifying 810 the case files. The one or more identifiers of the case files can inclade, for
example, one or more timestamps indicating when the case files were created by the medical

devices and identfiers of medical devices that generated the case files.

77



WO 2021/202490 PCT/US2021/024833

j8225] Continuing with the process 308, the mobile computing device receives 812 the
confirmation request incloding the identifiers andior other metadata of the case files from the
patient encounter dala source miegration service and prompis a user {(e.g the healthoarg
provider 118A of FIG. 1} to confirm whether the case files are descriptive of the same patient
encoupier. In some examples, the mobile computing device prompts the user via an ePCR
application andfor an event log apphcation {e.g., the ePCR application 132 andfor the event log
gpplication 140 of FIG. 1} using the identifiers. FIG. 9 illustrates one example of & user
mterface screen YK that the ePCR application andfor the event log application is configured
to rehder in response to receiving a conlivnation veguest. As shown in FIG. 9, the screen 900
inctudes columas of case controls Y02 and 904; a column of confirmation controls 9U6; and a
subnnit conirol 008, The vase controls 902 and 904 ave configured to display the identifiers of
and information regarding the case fles dentified 10 the confirmation reguest. More
specifically, each of the case contrals 902 is configured 1o display a case start time and each of
the case controls 904 is configured to display an identifier of the medical device that generated
the case file. The confirmation controls 906 are configured {o receive inppt indicating whether
the case Itle Wentified by the row fn wiich the confinmation control 906 resides is confinmed
or ot confirmied to he sssociated for other case files {e.g., that sach was peverated during the
sape patient encounter). The subinit control 908 15 configured to recetve nput indicating that
the user has confirmed or not confirmed the case files as desired.

[0226] Returning to the process 800, where the oPCR application andor the event log
application recsives input confirming the case {iles (8.5, selection of the submit conral Q08),
the ePCR application and/or the event fog application transmits 814 a confirmation response 1o
the patient encowiter datg source integration service (e.g., via the ePCR interface andior the
everl tog Gmterface). The pattent encounter data source integration service receives 816 the
confitmation response.

{0227} In some examples, the patient encounter data sonrce integration service consolidates
818 the case data from the gssociated case files into consolidated case data in an mtegrated data
source gnconnter structure. For instance, in some exanmyples, the patient encounter data sowrce
imtegration service consolidates 818 the case data info conzolidated case data by establishing
associations betwesn all, or a portion of, the records of case dala stored in the case data store
that originated from the associated case files. Further, the patient encounter data sowrce
integration service can integrate the consolidated case data, or a portion thercof, with charting
data andfor event log data by, for example, iuporting at least a portion of the consohdated case

data into an ePCR and/or an event log as pant of the integrated data source encounter structare.
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Thix consolidation generates supplemented ePCRs andfor supplemenied event logs. Moreover,
the patient encounter data souwrce integration service can integrate the consolidated case data,
or a portion thereof, with one or more case fifes of the assovinted case files by, for exampls
inporting af least a portion of the consolidated case daty bato the one or mors case files. Thas
consolidation generates supplemented case files.

0228 Continuing the process 800, the patient encounter data source integration service stores
andior transmits 819 the consolidated vase data 1o the medical devices andior the wmobile
computing device. For insiance, tn some examples, the patient encounter data sowce
integration servicg stores the supplemented case files in the gase data store andior transinits
814 the supplemented case files fo the medical devices. Alternatively or additionatly, i some
examples, the patient encounter data source mtegration service stores the supplementad ¢PCR
and/or supplemented event log inthe charting data store andfor transmits 81% the supplemented
¢PCR andior the supplemented event log to the mobile computing device,

[0229] Where the patient encounter data source integration service transmits 819 the
supplemented case files o the medical devices, the medical devices recetve %22 the
supplemented case files and transmit andior locally store 824 the supplemented ¢ase files.
Where the patient encounter data source integration service transnuits 819 the supplementad
ePCR andfor the supplemented event log to the mobile compuling device, the mobile device
receives 826 the supplemented ePCR andfor the supplemented event log and transmits andfor
locally stores 828 the supplemented ePCR anddor the supplemented event log.

{02367 FIG. 10 illustrates one example of a consolidation process 1000 executed by a patient
sncounter data source integration service and a mobile computing device {e.g.. the patient
encounter data source integration service 130 and the mobile computing device 104 of FIG. 1}
in sume inplemeniations.

[0231] As shown in FIG. 10, the provess 1000 starts with the patient encounter data yource
integration service receiving 1002 association information from the mobile computing device,
This action is followsd by the patient encounter data source integration service generating 1004
at least ong search criterion based on the association informaiion, searching 1006 case data
stoved i g case data store {g.g., the case data store 132 of FIG. 1} for a plurality of medicsl
devige case files that match or satisfy the at least one seareh criterion, and identifving 1008 the
medical device case files as being associated with one another and a specific pattent encounter
based on the at least one search criterion. In some examples, the patient encoanter data source
integration service can recetve 1002, generate 1004, search 1006, and identify H0& within the

process OO0 by executing actions such as those execuied by the patient encounter data source
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intggration service oy veceive 502, generate 504, search 306, and ideniily SO8 within the process
506 described above with reference to FIG. 3.

o

{0232 Next, the patient encounter data source mitggration service transmits 1010 wdentifiers of
the identified cuse files o the mohnle compuling device. These identifiers can include a
timestamyp indicating when the case files were genersted by the medical devices. In some
examples, the patient encounter data source integration service transmits 1010 the tmestamps
ic o ePCR application anddor an event log application {e.g., the ePCR appheation 122 audfor
the event log application 140 of FIG. 1) hosted by the mobile device. In cerfain examples, the
mobile computing device receives the identifiers of the case files from the patient encounter
data source inlegration service amd pronapts a usar (.. the healthcare provider 118A of FIG.
1} to convfirm whether the case files are descriptive of the same patient encountsr. In soms
exatnples, the mobile compuating device prompis the user via the ePCR application andfor the
event log gpplicadion, Where the ePCR application andfor the event log application receives
tput conlirming the case files, the ePCR application andior the event log application teansnits
a confirmation message to the patient encounigr data source integration service {e.g., via an
ePCR interface andfor an event log mierface such as the ePUR interface 126 andéor the event
fop APL 144 of FIG. 1)

{0233 Contimuing the process 1KY, the patient encounter data sownrce inlegration service
receives 112 the confirmation message from the patient mobile compriing device, stores 1014
i integrated data source encounter structure including case data from the confiimed case files
{which raay be streaming real-time from medical device(s) during the patient encounter), and
the procass 1000 ends. In some exaimples, the patient encounier data soutce miegration seyvice
can store 1014 the integrated data sowrce encounter structure within the process 1OBO by
exscuting actions such as those exgouted by the patient envounter dala source Henration
service {o store S} mn dutegrated data stamee encounter structure within the process 500
dexscribed above with reference to FIG. 5,

{02341 FIG. 11 illustraies one example of a consolidation process 1100 sxecuted by a patient
encounter data source infegration service and an ePCR application, an event log application,
and/or a device association application hosted by a mobile compating device (eg.. the patisnt
encounter data sowrce integration service 130, the ePCR application 122, the event log
application 140 andior patient encounter device gssociation application 150, and the mnbile
computing device 1 of FIG. 1) i some implementations.

{0235] As shown in FIG, 11, the process 1100 starts with the patient encoanter data soures

tntegration service receiving 1102 association information. This sction is followed by the
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patient encounter data source integration service generating 104 at least one search criterion
based on the sssociation information and searchung 1106 case data stored in a case data store
{e.g., the case data stowe 132 of FIG. 1) for a plurality of medical devics case files that match
of satizfy the at teast one search criterion. In some examples, the patient encounter daty soures
tegration service can receive 1102, generaie 1104, and search 1106 within the process 1100
by executing actions such as those executed by the patient eucounter data source integration
service (o recetve 502, generate 504, and search 506 within the process 500 described above
with reference 1o FIG. 5.

{0236} Nexi, the patieni enconnter data sowrce infegration service determines 1108 whether the
search resulied i identification of one or more case files that maich or satisty the at teast one
search critenion, Where the pattent encounter data source integration service determines 1108
ihat no corresponding case Rles were identified, the process 1100 endy, Where the patient
encounier data source idegration service determines 1104 that one or more corresponding case
fites were identified, the patient encounter data source integration service generates 1110
metadata descriptive of the corresponding case files. This metadata can include identifiers of
the corresponding case files, such as thoestamps fndicating when the corresponding case file
was crgated by medical devices, idatifiers of the medical devices that created the
corresponding case files, andfor wdentifiers of one or more mobile compating devizes coupled
with the medical devices during creation of the case files, among other identifiers.

[0237] Continuing the process 1100, the patient encounter data source mtegrion sérvige
transinits 1112 the metadata to the ¢PUR application, the event log application, andior the
device association application over a network {e.g. the network 112 of FIG. 1) In some
examples, the patient encounter data sowce miegration service ausmits the metadata via
messages generated by one or mors inferface calls {e.g., calls supported by the ePCR AP 128
andior the event log APL 144 of FIG. 1), Thess messages van inchude a confirmation request,
{0238} The ePCR apphication, the event loo application, andfor the device associalion
application receives 1114 the metadata and renders 1116 a provapt for each case file described
in the metadata. For instance, the ePCR application, the event log application, andfor the device
assoctation application can render a timestamp andfor a medical device identifier for sach case
file within its associated prompt. Bach of the one or more promipts can be configured 1o receive
input confinming thay its associated casa file is descriptive of operation of g medical device
coupled to a patient {e g, the patient 116 of FIG. 1} during an encounter associated with the
association iformation. In response 1o receiving input confiming a cese file, the ePUR

spplication, the event log application, andior the device assoctation gpplication fransmits 1118
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a confirmation response to the patient encounter data source mtegration service {e.g., via the
ePCR interface andior the event log interface). The confirmation response can include an
idertifier of gach condimied case file.

[0239] Mext, the patient encounter dala soamce miogration service recetves H20 the
confirmation response and parses the confinmation response o retnieve ideifiers of case files
stored therein. The patient encounter data sdurce integration service aitaches andfor embeds
1122 the case files nio an integrated data source encounier structure, This ntegrated data
source encounter structure can be attached andfor embeddad nto ePCRs andfor event logs. The
case files can be embedded andior attached in whole or in part. Where the case files are
embedded. case data stored within the case files can be stoved in fields of the ePCR andfor in
fields of the event log.

{02461 Continuing the process 1100, the patient encounter dafa sonrce ilegration service
ransmits 1124 the ePCR, the event log, andfor the integrated data source encounter structure
containing the attached/embedded case data 1o the ePCR application, the event log application,
andfor the device association application, The ePCR application, the event log application,
anddior the device assoclation application receives 1126 the ePCR with the attached‘embedded
case dats, the event log with the attachedrembedded case data, andfor the buegrated data sourcs
encounter structure and renders 12N the ePCR, event log andfor the intgyrated data source
encounter structure for review and manipulation by the healtheare provider,

{02411 FIG. 12 illustrates one example of an associating process 1200 executed by a putient
gncounter data sourze fegralion sarvice (e.g., the patient encounter data source intsgration
service 130 of FIG. 1) insome implementations. The patient epcounter data source myegration
service can he configured 10 execute the process 1200 in wésponse 1o an event, such as
expiration of a periodic timer gud/or a request from a calling process (e.g.. the ePCR APL 128
and oy the evend log ARL144 of FIG. 1),

{0242} As shown in FIG. 12, the process 1200 starts with the patient encounter data source
trdegration service receiving 1202 association information. This action is followed by the
patient encourter data source infegration service penerating 1204 at least one search eriterion
based on the association mformation and searching 1206 case data stoved in a case dada store
{e.g.. the case data store 132 of FIG. 13 for multiple medical device case files that match or
satisfy the at lepst one search critevion. In some examples, the patient encounter daia sowrcs
integration service can receive 1202, generate 1204, and search 1206 within the process 1200
by executing actions such as those executed by the patient encountey data source mtegration

service to receive 502, generate 304, and search 506 within the process 500 described above
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with reference to FIG. 8. However, within the process 1200, the patisnt encounter data sowrce
infegration sevvice generates 1204 at least one search crierion that specifies a list of medical
device identifiers from the association information, one of which must squal a medical devics
identifier assoctated with a case file fur the ease file to be a corresponding case file. The patient
encounter data source integration service uses this semrch criterion to search 1206 for
gssociating case files,

10243} Next, the patient encounter data source infegration service determines 1208 whether at
least one corresponding caze file was dentified by the search 1206, Where the patient
encounter data souree integration service deternings 1208 that no corresponding case files
were found, the patient encounter data sourcg infegration service generates and returns 1210
an ervor message indicating no corresponding case file was found to the calling provess, and
the process 1200 ends. Where the patient encoanter data source iegration service deternines
1208 that at least one correspongding case file was found, the palient encounter data source
ttegration service generates and returns 1212 the at lesst one corresponding cass file o ot least
one identifier thereof to the calling process, and the process 1200 eads.

{0244} FIG. 13 illusirates one example of an associating process 1300 executed by a patient
encounier data source mtegiation sevvice (e.¢., the patient sncountet data source integration
service 130 of FIG. 1) in some implementations, The patient encousster data source integration
service can be configwred to execute the process 1300 in response o an event, such as
expiration of a periodic timer and/or a reguest from a calling process {e.g., the ¢PCR AP 128
and or the svent log AP 144 of FIG, 1},

1248] As shown mn FIG. 13, the process 131K} starfs with the patient encounter data sowrce
iegration senvice receiving 1302 association imformation. This action 15 followed by the
patient enconnter data source integration service generating 1304 at least pne search ¢riterion
bazed on the association information and semrching 1306 case data stoved in a case data store
{e.g., the case data store 132 of FIG. 1) for a wedical device case e that matches or satisfies
the at least one search criterion. In some examples, the patient encounter data source infegration
service can recetve 1302, generate 1304, and search 1306 within the process 1300 by executing
actions such as those executed by the pafient encounter data source infegration service (o
receive 502, generate 304, and search 306 within the process 560 described above with
reference to FIG, 5. However, within the process 1300, the paticnt encounter duta source
integration service generates 1304 at least ong search criterion that specifies a list of pairs of
medical device identifiers and thimestamps from the association information, one of which must

equate to a medical device identifier and timestamp pair assoctated with a case file for the case
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file 1o be a corresponding case file. The patient encounter data souwrce ISLranon service uses
this search eriferion to search 1306 for associating case files.

[0246] Next, the patignl encounter data source integration service delermines 1308 whather
one o more corresponding case files were identifled by (he search 1306, Where the patient
encounter dafa source integration service determines 1303% that no cortesponding case files
were found, the patient encounter data source integration service geserates aod refyrns 1310
an error messige to the calling process, and the process 1300 ends. Where the patient enconnter
data souree integration service determines 138 that at least one corvesponding case file was
found, the patient encounier data source integration service generates and returng 1312 the at
least one corresponding case file or at least oue identilier thereol 1o the calling process, and the
process 1300 ends,

102471 FIG. 14 Hustrates one example of an associating process 1400 executed by a patient
enconnter data source integration service (e.g,, the patiend encownter data source integration
service 130 of FIG. 1} in some tmplementations. The patient gncounter data source integration
service ¢an be configured to execute the process 14K} in response to an event, such as

¢ the ePCR API 1238

Pl

expiration of @ periodic tmer andior a request from a calling process (e
and or the event log APY 144 of FIG. 1)

{0248} As shown i FIG. 14, the process 1400 starts with the patient encounter datg source
integration service receiving 14402 asgociation information. This action s followed by the
patient encourder data source infegration service generating 1404 i least one search criterion
hased on the assoctation indunmation and searching 1406€ case data stoved in a case data store
{e.g., the case data store 132 of FIG. 1} for a medieal device case files that matches or satisfies
the at least one search criterion. Ty sorse examples, the patient entCounter dida soaree integration
servive can recgive 1402, gensrate 1404, snd search 1406 within the process 1400 by execuling
actions such as those execuiad by the patient encounier data source iplegration servics to
receive SO2, generate S04, and search 306 within the process 300 described above with
reference to FIG. 5. However, within the progess 1400, the patient encounier data sourse
titegration sefvice generates 1404 ®t least one search criterion that specifies u list of pairs of
medical device tdentifiers and timestamps from the association information. In the at least one
sgarch criterion, the predetermuned relationsiip requives that a corresponding case file be
associated with a medical device identifier squal to a medical device identifier from the Hist and
that the correspondimy case {ile bave a timestamp within a predetermined range of 4 timestamp
paired with the medical device identifier from the list The patiemt encounter data source

integration service uses this search criterton to search 1406 for assoctating case files.
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J249] Nead, the patient encounter dala sowrce itegration service determines 1408 whether
one or more corvesponding case files were identified by the search 1406, Where the patient
encounter daia sowrce ntegration service determings 1408 that no corrssponding case files
were found, the patient encounter data source integration service generates and returns 1418
an ervor message to the calling process, and the process 1400 ends. Where the patient encounter
data source integration service determines 1408 that at least one coresponding case file was
fovund, the patient encounter data sourge integration service generates and returns 1412 the at
least one corresponding case file or af least one identifier thereof to the calling process, and the
process 1400 ends.

{0256] FIG. 13 illustrates one example of an associgting process 15UHY executed by g patient
encountisr data source integration service {e.g.. the patient encounter dala source integration
service 130 of FIG. 1) in some toplementations. The patient encounter data source integration
service cant be configured 1o executle the process 1300 i response to an event, such as
expiration of a pertodic timer andfor a vequest from a calling process {g.g., the «PCR APT 128
and or the event Jog API 144 of FIG. 1), As shows in FIG. 15, operations rendered with dashed
ling boarders may not present in some examples,

{0251} As shown i FIG. 15, the process 1500 starts with the patient encounter daia source
fntegration service receiving 1502 association information. This action v followed by the
patient encounter data source integration service venerating 1504 at least one search oriterion
based on the association information and filtering 1306 case data stored in a vase datd stove
{2, the case data store 132 of FIG, 1} for madical device case {iles that match or satisfy the
at feast one search criterion. In some examples, the pationt sncounter data source mlegration
service can recetve 1502, generate 1504, and filter 1506 within the process 1500 by executing
actions such as those exeruted by the patient encounter data source inleprstion service to
receive SU2, generate 304, and search 506 within the progcess 300 degscribed above with
refarence to FIG. S, However, within the process 1500, the patieni encounter dala sousce
frtegration service searches 1506 the case data for the case file by filtering (e.g., via a4 query}
the case data store using sn iuitial search criterion and, i so doing, identifies & plurality of
candidate ease files. In some examples, the mitial search criterion emploved by the filter
spectfies that an element of association information {g.2., g tmestamp) must fall within a range
of a parameter associated with a case file,

[0252] Next, the patient encounter data source mtegration service generates 1508 af least one
supplemental search criterion. In some examypdes, the at least one supplemental search eriterion

specifies at least one supplemental predetermined relattonship between at least oune
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supplemental element of association information and at feast one supplemental parameter
assoctated with candidate case files. For example, where the at least one supplemental
relationship 1s hardooded, the patient encounter data source intepration service generates 150%
the at feast one sapplemental search crilerion by identifving at lewst one supplemental slement
from the association inforpwtion and associating the at least one supplemental element with
the at least oue supplemental relationstip, Aliernatively or additionally, where the at least one
supplemental relationslup is softeoded, the paitent encounter daty source mtegration sérvice
penerates 15308 the at least one supplemental search criterion by first identifyving the next
preferved predetermined relationship by rank within a eriteria data store (e g, the criteria data
store 136 of FIG. 1) and next wdentifving the at least one supplemental element of association
miormation as speeified in the next prefarred predetenmined relationship and associating the at
least one supplemental element with the at least one supplemental relationship. In at feast one
example, the at least one supplemental element mcludes a peotag and the predetermined
relationship specifies that corresponding case {iles be associated with a geotag within a
predetermined range of the geotag from the association information.

{0253] Continuing the process 1300, the patent encounter dats source integration service
searches 1510 the candidate case dala for a medical device case files that match or satisty the
at least one sopplemental search ciiterion. Tn some examples, the patient encowter data sourcs
integration service can search 1510 within the process 1500 by executing actions such as those
executed by the patient encounter data source integration service to search 506 within the
provess 500 described above with reference to FIGL 5. However, within the process 1500, the
patient encounter data sburce integration seyvice can restrict its search 1510 to case data from
the vandidate case files. For instance, the patient encounter data source integration service can
identity 3 candidate cass file as & vorresponding case file where a supplemental pavaneter
associated with the candidate case file, Mored in the vase data, satisfies the supplamental
relationship with the sopplemental element of the association information stored in the at least
one supplemental search oniterion.

J02541 Next, the patient encounter data source integration service determines 1312 whether at
legst one corresponding case file was found, Where the patienl encounter data sowve
integration service determines 1512 that at least one corresponding case file was found, the
patient encounter data source integration service generates and returns 1514 the corvesponding
case files or dentifiers thereof o the calling process, and the process 1508 ends. Where the
patient encounter data spwree ntegration stavice determines 1512 that no corvesponding cage

files were found, the patient encounter dala source integration service iterates a counter and
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determines 15316 whethet the counter has transgressed a configurable constratnt 1o the munber
of search iterations scceptable in a single nstance of the process 1500, Where the patient
encounier daka source ntegration service determines 1516 that the counter has not tansgressed
the constramd, the patient sncounter data sowrce integration service generates 1308 another
supplemental search criferion and the process 131 continues. Where the patient encounter data
source inlegration service deétermines 1516 that the counter has iransgressed the consteint, the
patient encourder data sourcs tntegration service returns 1518 an error message o the calling
process, and the process 1500 ends.

{0285} FIG. 16 illusttaies one example of an associating process 1600 exeguted by 8 patient
encounter dafa source intggration serviee {e.x., the patient sncounter data sowrce integration
service 130 of FIG. 1) 3 somie implemtentations. The patient encoumier data source benration
service coan be configwed 1o execote the process 1600 w response to an event, such as
expiration of a periadic timer andfor g request from a calling process (e.g., the ePCR interface
168 and or the event log APT 144 of FIG. 1). As shown in FIG. 16, operations rendered with
dashed Hne boarders may not present in some examples.

(0236} As shown in FIG. 16, the process 1800 starts with the patemt encounter data sowce
itegration service recebving A2 association information. This action is followed by the
patient spcounter data source Integration service generating 1604 af least one search criterion
based on the associgtion information and filtering 1606 {e.g., via a query) case data stored in a
case data store {e.g., the cose data store 132 of FIG. 1) using the at least one search criterion to
identify a pluraliny of candidate case files. In some examples, the patient encounter data source
iegration service can receive 1602, gaperate L6044, and filter 1666 within the process 1688 by
executing actions such s those executed by the patient encounter datd source integration
servive to receive 1302, generate 1304, and filter 1306 within the provess 1 S0 described above
with refevence to FIG. 15, Howsver, witlin the process 1604, the initial search criterion
employved by the filter inclodes an initial predetermined relationshup that specifies an equality
hetsesitan element of association information and & paranetsr associated with medical devige
case files that is now=medical, These non-medical elements and parameters can include case
start time, medical device wentifler, andfor patient identifiers,

2571 Next, the patient encounter data source mtegration service generates 1608 at feast one
supplemenial search criterion. In this example, the at leasi one supplemental search criterion
specifies that at least one medical element i the association ndormation be medically
comsistent with and mdicative of at legst one medical pavameter in acase file. In these examples,

the at least one medical element can include a potieat complaint, a medic bopression, g drug

87



WO 2021/202490 PCT/US2021/024833

administration, & vital sign, a physiological measurement, a freatment provided to the patient,

a symptom of chest pain, an ECG with 8T elevation, andfor a STEMI diagnosis. Further, in
these exmmples, the at lgast one medical paranetsr can nclude a type of physiclogical
measurement, a vahie of a physiological messerement, 3 medical treatment {eg, a
defibriltation shock), and an alamm,

102581 Continuing the process 1600, the patient encounter data source integration service
searches 1610 the vandidate case dats, determings 1612 whether at least one corresponding
case fde was found, and retwrns 1614 the corresponding case files or idemifiers thereof to the
calling process where & correspongding case file was found. Where a corresponding case file
was not found, the patient encounter data source infegration service determines 1616 whether
a szarch Hmit has been exceeded, refirns 1618 an evror messags ndicating no corresponding
case file to the calling process where the search Himit hag beenvexceeded, and retuuns o generate
1608 ai least one supplemental sgarch oriterion where the search Himit has not been exceeded.
In some examples, the patient encouter data sowrce Iniegration sevvice can search 1614,
determine 1612, return 1614, determine 1616, and return 1618 within the process 1660 by
executing actions such as those executed by the patient encounter data source tegration
service to search 15310, determuine 1512, return 1514, determiine 1516, and retwn 1818 within
the process FSOD deseribed above with reference 1o FIGU 1S

10259 As explained above, in the process 1600 generates 1608 ot leasi one supplemental
search crijerion that specifies ot least one medical slement n association information be
medically consistent with and indicative of at least one medical parmmeter in i case file. In this
gxample, the at least one predeterniined refationship specifies that the association information
be “medically consistent with an tndicative of” cage data. This predetermined relationship s
conyples and difficult to evaluste using commonly available comparison operativns. As such,
in this example, the patiend epcounter data source Integration service evaluatex the
predefermined relationship while searching 1610 by execnting one or more specialived
heunistic, statistical, andfor machine learning processes that conmpare association infprmation
and case data. Yable 1 provides association information and case data that satisly the
*medicatly consistent with and indicative of" predetermined relationship according to some
examples.

{0266}
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MEDICAL DATA

A B C o
Primary Secondary Primary Seeondary Case
Element of Association | Element of Assoctation Case Data Dhats
information Information
Patient complaint of | Drug Administration 12 Lead ECG Shock
Chest Pain {aspirin andfor adminisirasion

nitroglycerin)

Patient t:empiaint of | Drug Admimistration Pul se:i:’}ximﬁtfy 12 Lead ECG

difficuliy breathing {albuternd, sternids, Capuography Alarmos theart rate,

andior epinephrine} respiratory rate,

Medic Impression of | Amway Placement pulse oxielry,

Respiratory Distress blood pressure)
Table 1

{0261} More specifically, as shown in Table | cobhanns & and B hst prinary and secondary
elements of association information that ave medically consistent with and idicative of the
primary and secondary wedical device case data Histed on colonms C and D, 1n some examples,
the patieat{ encounter data sowrce intepration service can generate 1603 supplemental search
criteria specifying that any corresponding case data found while searching 1510 must be
medically consistent with and indicative of the primary and secondary elements of association
information. Alternatively, in some examples, the patient encounter data source integration
service cap generate [6O% o first supplemental search criterion specifying that any
covrasponding case data found while searching 1610 must be medically consistent with and
indicative of the primary clement of association information, Where no correspouding case
data is found to the first supplemental search criterion during searching 1610, the patient
sncounter data sowrce inlegration service van generate 1608 a second supplemental search
criterion specifving that any corresponding case data found while searching must be medically

consistent with and indicative of the secondary element of association information.
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82627 In some examples, the svstem 100 is configured to execute a vanaty of medical device

T
{y

case file sharing processes. FIG. 17, for instance, iHustrates a sharing process 1700 that
involves a mobile computing device {e.., the mobile computing device 1A of FIG. 1), 2
computing device (e.g.. the mobile computing device 104B of FIG. 1), and a patiend encountsr
data source integration service,

9263 The shartug process 1700 starts with the mobile computing device authenticating 1702
a healtheyre provider (e.p., the healthcure provider TI8A of FIG. 1) as an authorized nser. The
mobile computing device receives 1704 input from the user requesting that the mobile
conyrating device share consolidated case data from & patiend encounter with the computing
device. For instance, an event log application andior an ePCR application {e.g.. the event log
application 140 andior the ePCR application 122 of FIG. 1) can receive the inpud. In responss
1o reception of the input, the mobile computing device transmits 1724 a token identifving the
patient encounter o the computing device. For instance, the mobile computing device may
display a visual representation of the token vig 3 user interface andior may teansmit data
representing the token via NFC.

[0264} Continuing the sharing provess 1706, the computing device receives 1706 the token
{e.g., by scanning the visual image with a camera) and fransmits 1708 a request for consolidated
case dada for the patient encounter identified by the token to the patient encounter data sougce
integration service. For instance, an encounter review application {g.g., the encounter review
application 14% of FIG. 1) can transnut the request,

{02631 As another part of the sharing process 1700, the patient encownter daia source
iegration service, as part of a previously executed conselidabion process {(eg., the
consolidation process 400 of FIG. 4), stores 1710 the consolidated case data for the patient
engounter identitied by the token, in associution with the token. The patient encounter daty
source integration service receives 1712 the request for the consolidated case data from the
compuiing device. The patient encounter data source integration service identifies 1714 the
cousolidated case data using the token, retrieves 1716 the consolidated case data, and transnis
1718 the consolidated case data 1o the computing device,

{ize6] Continuing the sharing process 1708, the computing device receives 1720 the
consolidated case datg and renders the consolidated case datz smtomatically in response to
reveipt of the consolidated case duta. For instance, the sncounter review application can render
an event fog including the consolidated data.

10267] Referring 10 FIG: 18, a block disgram of examples of computing and medical device

components are shown scheroatically.

90



WO 2021/202490 PCT/US2021/024833

jU268] The medical device 102 can inclode a processor 220, a memory 221, ong or more autput
devices 230, one or more vser input devices 244, and 8 commumcations interface 245, The
conymunications mterface 243 can include any of a variety of transmitiers and/or receivers. For
inztance, in some examples, the compuumcations interface 243 includes one or more of an NFU
tag, an RFID tay, o barcode, and a QR code.

{2691 1o various tmplementations, the medical device 102 can be g defibrillstor, patient
montor, defibrillator/ monitor, an mutomated compression devics, a therapeutic conhing devics,
an extracorporeal membrane oxygenation {ECMO) device, a venttlation device, combinations
thereof, or another type of medical device configurad to couple to one or more therapy delivery
componenis {o provide therapy fo the paticnt. Tn an implementation, the medical device 102
cant be an integrated therapy deliverv/monitoring device witlon a single housing 280, The single
hoasing 28¢ can survound, at least in part, a patient iterface device signal processor 256 andfor
& therapy delivery control module 255,

[0276] The patient interface device(s) 190 can include one or move therapy delivery
componani{s} 261a andior one or more seasor device{s) 261b. The medical device 102 can be
configured 1o couple 1 ahe one or more therapy delivery component(s) 261a. Tn combination,
the medical device 102 and the one or more therapy delivery components can provide
therapeutic treabment 1o & patient (2.2, the pattent 116 of FIG. 1) In an implementation, the
medical device 102 can include or incorporate the therapy delivery components) 261a. The
therapy delivery component(s) 261a are configured to deliver therapy to the patient and can be
coufigured to couple fo the patient. For example, the therupy delivery commponani(s) 261a can
include one or more of electrotherapy electrodes nchuding defibrillation electrodes andior
pacing electrodes, chest compresston devices {o.g., one or more belts or & piston), ventlation
devices {g.g., & mask anddor tubes), drug delivery devices, ete. The medical davice 102 can
inctude the ong or more therapy delivery component{s} 26 Ia andfor can be configured to coupls
i the one or more therapy delivery component(s) 261z in order to provide medical therapy to
the patient. The therapy delivery component(s) 261a cant be configured to couple o the patient.
For example, o healtheare provider {e.g., the healtheare provider 118) may attach the electrodes
to the patient, and the medical device 102 {e.g., a defibrillator or defibrillator/pationd monitor}
may provide slectrotherapy to the patient via the defibrillation elecirodes. These examples are
not limiting of the disclosure as other types of medical devices, theropy delivery components,
sensors, and therapy are within the scope of the disclosure.

10271] The medical device 102 can be, for example, a therapeutic medical device capable of

delivering a medical therapy. For example, the medical therapy can be elecivical thevapy (¢
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defibrillation, cardine pacing, synchronived cardioversion, diaphragmatic or phrenic nerve
stmilation) and the medical device 102 can be a defibnillator, a defibnllatovmonitor andior
another medical device configured to provide electrotherapy. As another example, the medical
therapy can be chest compression therapy fiw treatment of cardiac avrest and the first medical
device 102 can be a wechanical chest compression device soch as a belt-based chest
compression device or a piston-bused chesl compression device, As other examples, the
medical therapy van be ventilapion therapy, thempeutic vooling or other temperature
management, nvasive hemodyvoamic support therapy {e.g. Extracorporeal Membrane
Oxyeenation (ECMOY), ete. and the medical device 102 can be a device configured (o provide
a respeciive therapy, In an implementation, the medical device 102 can be a combination of
one or more of these exanyples. The therapeuiic medical device can inclode patisnt monitoring
capabilities via one or move sensors. These types ofmedical therapy and devices are examples
only and not limiting of the disclosure.

[0272] The medical device 102 can include, incorporate, andfor be configured io couple to the
one or more sensor(sy 261b which can be configured {o couple to the patient, The sensor(s)
261b are configured 1o provide sigrals indicative of sensor data 1o the medicad device 102, The
sensor(s) 261h can be confizured to couple to the patient. For example, the sensor(s) 261h can
fnctade cardiac sensing electrodes, a chestcompression sensor, andfor ventifation sensors. The
one or more sensars 261h can generate signals indicative of physiological parameters of the
patient. For example, the physiological parmmeters can include one or more of at teast one vital
sign, an BCG, blood prassure, hemrt rate, pulse oxygen level, respiration rate, heart soumds, lung
sounds, respiration sounds, tidal €02, saturation of muscle oxygen (SMO2), arterial oxygen
sétaration (Sp02), cerebral blood fow, electroencephalogram (EEG) signals, brain oxygen
tevel, tissue pH, tissue fluid levels, physical parameters as determingd via ultrasound inages,
paramesters determined via nsar-infrared reflectance spectroscopy, pneamography, andior
cardiography, etc. Additionally or alternatively, the one or more sensors 261h can genete
signals indicative of chest compression parameters, ventilation parameters, drug delivery
parameters, fluid dehivery parameters, ste.

{12731 I addition 1o delivering therapy to the patient, the therapy delivery component(s} 261a
can tnclude, be coupled to, andior function as sensors and provide signals indicative of sensor
data (2.4, second sensor data) 1o the medical device 1020 For example, the defibrillation
electrodes can be configured as cardiac sensing electrodes ax well as electrotherapy delivery
devices and can provide signals indicative of transthoracic impedance, electrocardiogram

{BOG)Y, heart rate andior other physiological parameters. As another example, a therapeutic
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cooling device can be an intravenous cooling device. Such a cooling device can mchude an
intravenous (V) device as a therapy delivery component configured to deliver cooling therapy
and sense the patient's tempecature. For example, the IV device can be a catheter that includes
saline balloons contigured to adjust the patient’s temperatare via circulation of lempersture
controlled saline solution. In addition, the catheter can include » temperature probe configured
1o sense the patieut's temperature, As 2 further example, an TV device can'provide therapy via
drug dehvery andéor Huud management. The IV device can also monitor andior eaabling
monitoring of a patient via blood sampling andfor venous pressure monitoring {g.g., central
venous pressure (CVPY monitoring).

{0274} The medical device 102 can be configurad to recetve the sensor signals (e.g., from the
therapy delivery component{s} 261a and‘or the sensor{s) 261b} and to process the sensor
signals to deterpine and collect the patient data. The patient dista can include patient data which
can characierize a status andfor condition of the patient (e g, physiolopical data such as BCG,
heart rate, respiration rafe, temperature, pulse oximetry, nov-invasive hemoglobin parameters,
capnography, oxygen sataration (8p02), end tidal carbon dioxide (F1CO2}, invasive blood
pressire (TBP), non-invasive blood pressuves (NIBP), tssue pH, tissue oxygenation, Near
Infrared Spectioscopy (NIRS) measarements, efe.). Additionally of alternatively, the patient
data can characteride the delivery of therapy {o.g., chest conpression data such as compression
depth, compression rate, etc.) andfor the patient data can characterize a states andior condition
of the medical equipment used 1o treat the patient {e.g., devive data such as shock tme, shock
duration, attachment of electrodes, power-on, efe.).

{1278 The components of 320, 221, 230, 244, 245, and 255 of the medieal device 12 are
contmunicatively  coupled {divectly andéor indirectly) to cach other for bi-difectional
communication.

[0276] Although shown as separale entities m FIG. 18, the one or more of the components of
the medical device 102 can be combined into one or more discrete components andior can be
partofthe processor 220, The processor 320 and the memory 221 can include and/or be coupled
io gssociated cirouitry to perform the functions described herein,

{2771 In an implementation, the medical device 102 can be a therapeutic medical device

configured 1o deliver medical therapy to the pattent, Thus, the medical device 102 can

opticmally include the thevapy delivery control module 253, For example, the thevapy dehvery
controed modele 255 can be an elecirotherapy delivery cirepit that ehudes one or more
capaciiors configured to store electrical energy fora pacing pulse or a defibrillating pulse. The

glectrotherapy delivery civoutt can further include resistors, addittonal capacitors, relays sndior
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switches, electrical bridges such as an H-bridge (e.g., including a phaality of mswlated gate
bipolar transistors or IGBTs), voltage measuring components, andior carrent measuring
components. Ay another example, the therapy delivery conrol moduale 255 can be a
compression device electro-mechanmical controller configured to contrel a mechanical
compressian device. As a Turther example, the therapy delivery control module 255 can be an
electro-mechanical controller configured to control drug delivery. temperature management,
ventilation, andior other type of therapy delivery. Alternatively, some examples of the megdical
device 102 may not be configured to debiver medical therapy to the patient 116 but can be
conligured to provide patient monitoring andfor dingnostic care. As shown in FIG. 18, in some
examples, the therapy delivery control module 235 exchanges messages with the mobile
conputing device 14 {e.g., the patient melule computing devics) via a compumication lnk
1183, These messages can include pavent data descriptive of therapy provided to the patient or
other patient data stored on the medical device 102, This patient data can be used by an ePCR
gpplication 1o geverating an ePCR documenting g dispatched EMS event. In one embodiment
communication  link 1180 iy implemented  using BLUETOOTH  andior  near-field
conwnunications techctogy.

[0278] In centain implemsniations the file matching snd merging functionaliies desoribed
herein as being assoctated with the patient encounter data source integration seyvice 130 are
alternatively invoked at the medical device 102 andfor the mobile compuating device 104, In
such implementations the conunuaication link 1180 between the medical devive 102 and the
mobile computing device 104 can'be used 1o support this functisialily, thes altowing a medical
device case file to be infegrated with related charting data even when a connection (o the server
108 s unavatlable. In apphications where the commnmication hak 1180 16 hmited, for exanple
due 1o Hmited bandwidth or limited duration, file matching and merging functicnality is
optionally Hmited to one or more specified search criteria, such as a search critevion that
compares device identifiers. This may be particidarly useful in applications where i s desived
1o throttle bandwidth provided by the comnwmication Hok IS0 1o reserve limued resources
for patient trestrnent and EMS interactions.

{12791 The information shared via the communication link 1180 is optionally Hmted o
mcrease security andfor to protect PHI, This can be accomplished by, for example, configuring
the medical device 102 and the maobile computing device 104 1o only commumicate public
information {for example, & device identifiery using the conunumication link 1HISG. In
implementations where PHI s to be shared between the wedical device 102 and the mobile

computing device 104, the commumications can be routed vig a trusied cloud service where
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stronger authentication can be implemented. In certain ambodinents the server(s) 108 provides
such a trusted cloud service. Routing communications wia the server(s) 108 may be preferred
for other reasons as well, such as wheve the medical device 102 and the mobile computing
device 104 producs data in different formats, andfor where one or more of the commumnicating
devicgs are not configured to comnuuticate in a local petwork.

0286} The medical device 102 can incorporate andfor be configured to couple 1o one or more
patient iterface device(s) 190, The pattent imerface device(s) 120 can include one or mote
therapy delivery component(s) 261a and ong or more sensor(s? 261b. The one or more therapy
delivery component{s) 261a and the one or more sensor{s) 261h sensor can provide ong or more
signals to the medical device 102 via wired andfor wireless connetion (s},

{0281} The one or more theyapy delivery componani(s) 2612 can include slectrotherapy
electrodes (e.g., the electrotherapy electrodes 266a), ventilation device(s) {e.g., the ventilation
devices 26603, intravencus device{(s) (e.e., the mtravenous devices 2660}, conpression
devica(s) (e.8., the compression devices 2664d), ete. For exanple, the electrotherapy electrodes
can include defibrillation electrodes, pacing slectrodes, andfor combinations thereof. The
ventilation devices ean include a tube, & mask, an abdominal andior chest compressor (e.g., a
belt, a cuirass, e1c.), ete. and combinations theresf. The intravenous devices can include drug
deltvery deviees, fluid delivery devices, and combinations thereoll The compression devices
can include mechanical compression devices such as shdominal compreasors, chest
compressors, bells, pistons, and combinations thereof. In varions implementation, the therapy
delivery component(s) 261a can be configured to provide sensor data andfor be couplad to
andfor incorporate sensars. For exanple, the electratherapy electrodes can provide seasor data
such as transthovacic pedance, ECG, heart rate, ete. Farther the electrotherapy electrodes can
inctude and or be coupled 1o a chest compression sensor. As another examiple, the veniilation
devices can be coupled to andfor incorporate Hlow sensors, gas species sensors {e.q., oxygsn
sensor, carbon dioxide sensor, ete)), etc. As a further example, the intravenons devices can be
coupled to and/or incorporate temperature sensors, flow sensors, blood pressure sensors, sie.
As yet another example, the compression devices can be coupled to andfor incorporate chest
compression sensurs, patient position sensors, e, The therapy delivery control module 2558
can be confipured to couple to and conirel the therapy delivery component{s) 261a,

{0282} In various implementations, the sensor(s) 261b can include one or more sensor devices
configured {o provide sensor data that includes, for example, but not limited t
electrocardiogram (RCGY, blood pressure, heant rate, pulse oxygen level, respiration rate, beart

sounds, fung sounds, respivation sounds, ndal CO2, saturption of muscle oxygen (SMO2,
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arterial oxygen saturation {Sp02), cersbral blood flow, electroencephalogram (EEG) signals,
brain oyxveen level tissne pH, tsspe fluid levels, Images andior videos via ulirasound,
larvugoscopy, andfor other medical imaging techniques, near-mfrared reflectance
spectroscopy, phewnograplyy, cardingraphy, andéor patient movement. Inages andéor videos
can be two-dimensional or three~-dimensional,

2831 The sensor(s) 2611 can include sensing electrodes (e g., the sensing electrodes 2623,
ventilation sensors {e.g., the ventilation sensors 2164), temperaiure sensors {e.¢., the temperature
sensor 267), chest compression sensors {e.g., the chest compression sensor 2683, ete. For
example, the sensing electrodes can include cardiac sensing elgeirodes. The candiac sensing
electrodes can be conductive andfor capacitive elecirodes confipured to measure changes in o
patient's electrophysiology, fiv example to measwre the patest's ECG information. In an
fplementation, the sensing electrodes can be configured 1o measwre the transthoracie
impedance andfor a heart rate of the patient. The ventilation sensors can inglude spirometry
sensors, flow sensors, pressurg sensors, oxygen andior carhon dioxide sensors such as, for
example, one or more of pulse oximetry sensors, onygenation sensors {eg., nmuscle
oxygenatiow/pH), 02 gas sensors and capnrography sensors, and combigations thereoll The
femperature sensors can include an nfrared thermometer, o contact thermomater, a remots
thermometer, a Hauid orystal thermomater, a thermocouple, a thenmistor, ele. and can measure
patient temperatere internally andfor externally. The chest compression sensor can inclade ong
oF more motion sensovs nclading, for example, one or more accelerometers, oue of more foroe
SeRsOrs, OnE OF Imore magnelic sensors, one or more velocily sensors, one or more displacement
sensors, ofc. The chest compression sensor can be, for example, but not limited 1o, a
compression puck, & smant phone, a hand-held device, o wearable device, ete. The chest
conpression sensor can be configured o detset chest motion tmpartsd by a rescuer and/or an
automated chest compression device {e.g., 8 belt sysiem, a piston system, ey, The chest
compression sensor can provide sipnals indicative of chest compression data inclading
displacement data, veloctty data, release velochty datg, scceleration data, compression rate datg,
dwell time datg, bold time data, hood flow data, blood pressure data, eic. In an implementation,
the sensing electrodes andior the elecirotherapy slectrodes can include or be configured to
coaple to the chest compression sensor,

{0284} Continving with FIG. 18, examples of components of the mobile computing device 104
are shown schematically. In an implementation, the mobile conypiting device 104 can be
configured as & mobile computing device. The mobile computing device 104 can include o

processor 420, a memory 421, one or more output devices 430, one or mote yser luput devices
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444, and a conunanications mierface 445, FIG. 18 also illostrates schematically examples of
components of the remote computing device 106, As shown in FIG. 18, remote the computing
device 100 can include a processor 320, a meanory 321, one or more output devices 338, ons
of more user mput devices 344, and a conununications mterface 343, FIG. 18 fusther dlustrates
schematically examples of copponents of the serves(s) 108, Asshowy in FIG. 18, the server(s)
108 can include a processor 520, a wemory 521, one or more output devices 330, one or more
user mput devices 544, and a communications iiterface 545,

{288 Each of the mobile computing device 104 (e.g., the mobile computing device) and the
remote computing devige 106 can be a conmputer system, such as & deskiop, notebook, mobile,
portable, or other type of computing systent. Each of these devices 104 and 106 can includs
server(a) andfor gecess server(s) via a mesutor andior other connected user mterface device.
Although desenbed as server(s), the server{s) 108 can be another type of computing systemn
including for example a desktop, notebook, mobile, portable, or other tvpe of computing
system.

[286] As shown in FIG, 18, each of the devices 104 and 106, along with the server(s) 108 and
the madical device 102, ncludes a bus or other interconnection mechanisn that conmmumicably
coiples the processor, memory, cutput devices, input devices, and conmunication imterfacs
meloded therein. The bus can include a PCLPCI-X or SUST based svstem bus depending on
the storage devices used, for example.

J02871 The processors 220, 320, 420, and 520 can each inchude a processer, such s, but not
limidted to, an Intel® {tanium® or Hanhun 2 processor(s), or AMD® Oplerond or Athlon
MP& processor{s}, or Motorola ® fines of processors. The communication interfaces 245, 345,
445 and 545 can each be any of an RS232 port for use with a modem-based dialup connection,
a 1/100 Ethernet port, or a Cligabit port using copper or fiber, forexample, The comnuunication
inter{aces 243, 348, 445, and 345 may be chosen depending on a network(s) such a Local Area
Network (LAN}, Wide Area Network (WAN), or any network o which the medical device
102, the mobile computing device 104, the remote computing device 16, and/or the server(s)
108 may connect. The memertes 221, 321, 421, and 521 ¢an be Random Accéss Memory
(RAM), Read Only Memory (ROM), Flash memory, andfor another dynamic volatile and/or
non-volatile storage device(s). The memories 321, 321, 421, and 521 can be used fo store
information and tostructions, For example, hard disks such as the Adapiec® family of SO81
drives, an optical disc, an array of disks such as RAID {e.g the Adaplec family of RAID
drives), ov any other mass storage devices may be used. The components deseribed above are

meant to exemplify some types of possibilities, In no way should the aforementioned examples
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limit the scope of the disclosure. The memories 221, 321, 421, and 521 can further include
removable stovage media such ag external hard-drives, floppy drives, flash drives, IOMEGA®
Zip Dirpves, Compact Dise -~ Read Only Memory (CD-ROM), Compact PHae ~ Re-Writable
{CD-RW), or Digital Video Bisk - Read Only Memory {BVD-ROM}, lor example.

102881 Continuing with FIG. 18, the server(s) 108 can include, for example, the one or more
storage server(s) and one or more application server(s), In some examples, the server(s) 108
are conligured to exchange messages 1170 with the remote computing device 106, These
messages can include charting andfor case data as described above. In some examples, the
server{s} 108 are confipured (0 exchange messages 1160 with the mobile compuiing device
104 via the ePUR API 128, These messages can include data descriptive of ePCRs generaied
by the mobile conmpuiing device 104, In some exanyles, the server(s} 108 are configured 1o
exchange messages 11 with the medical device 102, These messages can include data
descriptive of a patient {g.¢., the patient 116 of FIG, 1) betng trested via by the medical device
sndior treatment being delivered by the medical device 102,

JO28%] Some examples of the present disclosure inchide various steps, some of which can be
performed by bardware components or can be embodied in machine-executable fnstructions,
These machme-executable instructions can be stored on a non-transitory data storage madium
andd can be wsed o cause a geperal-purpise of g special-frrpose processor programmed with
the instructions 1o perform the steps. The non-transitory data storage medium can further to
store an operating system and the machine-executable instructions can be included witlin one
or e software apphications or progrmns, such as the ePCR application 122, These prograns
can amplientent the features disclosed heretry and the methods that they exocute. Alematively,
the steps can be performed by a combination of hardware, software, sndfor firmware, on one
device andior distributed across nusltiple devives andfor processors. In sddition, some examples
of the present discloswre can be performed or mplemented, at least in part {e.g., one o mors
modules), on pne of more computer sysiems, mainframes (e.g., IBM muinfiames such as the
IBM z8eries, Unisys ClearPath Mainframes, HP Integeity NonStop sevver(s), NEC Express
series, and others), or client-server fype systems, In gddition, speeific hardware aspects of
examples of the present disclosure can incorporate one or more of these systems, or portions
thereof,

{0290} Having thus described several aspects of at legst one example, it is 1o be appreciated
that various alterations, modifications, and hnprovements will readily occur to those skilled in
the art. For instance, examples disclosed hereincan also be used in other contexts. Such

alterations, modifications, and improvements are intended to be part of this disclosure and are
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iniended o be within the scope of the exampley discussed heretn. Accordigdy, the {oregoing

deseription and drawings are by way of example only.
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CLAIMS
LA system for consoldating medical data from muliple devices involved i an encowsiter
between a patient and an emergency healthcars provider, the system comprising
a plurality of medical devices each having one or more identifiers and being
configured to:
obtain case data related to the encounter between the patient and the
emergency bealtheare provider, and
transniit the obtained vase data to a server as one or more medical device case
files;
a mobile computing device having a medical device uerface and a user iiterface, the
mobile computing device configured Wy
acquire, via the medical device Tnterface, one or more represeniations of the
one or more wdentifiers of each medical device of the phurality of medical devicss,
generate association information comprising the one or more identifiers, and
transmit the association information to the server; and
the server comprising at least oue processor and memory o execule lnstructions for
associating the one or more medical device case files, the server configured to be
communicatively coupled with the plurality of medical devices and the mobile computing
device, the server further configured o
reeeive and store the one or more medivad device case files from the plarality
of medical devices,
receive the association informadion from the mohile compuiing device,
generate at least ong sewrch criterion hased af least in part on the association
jnfornration io relate the one or more medical device case files (o one another,
tdentify the related one or more medical device case files based on the
generated at least one search criterion,
comsolidaie the one or more medical device case files to produce an integrated
data sowrce encounter sirncture comprising case data from the related ong or more
medical device case files, and
transmit the integrated data source encounter structure for review of the
encounter between the pattent and the emergency healthcare provider to a recetving

computing device,
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2. The system of elain 1, wherein the receiving computing device comprises the mobile
conputing device.

3. The sysiem of claum 2, wherein the mobile computing device 1s further configured 1o
render af deast a portion of the integrated date sowree encotnter structore via thenser

imterface.

4. The svstem of claimy |, wherein the integraied data source enconnter sfruchre comprises

information other than patient information.

5. The system of claim 1, wherein the receiving computing device comprises at least one

medical device of the plurality of medical devices.

6. The svstem of claim 1, wherein the receiving computing devics comprises a computing

device withiy an emergency response center,

7. The system of claim 6, wherein the association information comprises a foken o access the
mtegrated data sowrce encownier structure and the server s further configured (o receive the
oken from the computing device within the emergency reaponse center, ywheveny to transmit
comprises to putomatically ransmit the imeprated data source encounter siructurs 1o the

computing device in response 1o reception of the token,

8. The system of claim 7, wherein the wobile computing device is configured to transmit the

token o the computing device within the emergancy response center,

9. The svstem of claim 1, wheretn to tansmit the one or maore medical device case files
COMPrises o ransmit one or more sireams of the obtained case data o the one or more

medical device case files.

10, The system of claim @, wherein the integraled data source encounter struchire comprises
the ong or more streans of the obtuined case data fron the one or move medical device case

files.

11 The svstem of claim 1, further comprising a computing device comprising at least one
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user interface and configured to:
receive the imtegrated data source encounter stracture; and
render, subseguent o the encounter, at least a portion of the integrated dats sourcs

encouniar structure via the at least one user nterface.

12, The system of claim 1, wheretn the plurality of medical devices comprises one or more
ofr g defibrillator, o patient monitor, an automated extemal defibrillator, a ventilator, an

antomated chest compression device, and & wearable defibrillato,

13, The system of claim 1, wherein the assoetation information comprises patient

mibrmation,

14, The svstem of claim 13, whergin the patient information comprises ong or more of patient

name, patient identifier, age, gender, weight, height, and past medical history.

15, The system of clabm 1, wherein the agsociation information comprises timestamp
wmformation indicating when at least a portion of the one or more maedical device case files

was ereated.

16. The system of clainy 1, whergin the association information comprises timestamp
information tudicating when the ong or more represeniations of the one or paore identifisrs of

each medical device were sequired.

17, The system of claim 16, wherein the assoeiation information comprises geolocation
information mdicating where the mobile computing device was ocated when the one or more

represeptations of the one or more identifiers of each medical device were acguived.
18, The system of ¢latm 1, wherein the association infomation comprises geolocation
information indicating where the mobite computing device was located when the one or more

representations of the one or move Wdentifiers of each medical devige were agquired.

19 The system of claim 1, wherein the association information comprizes geolocation

information indicating where the mobile computing device was located daring the encounter.
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28, The system of claim 1, wherein the medical device interface comprises at least one of’ a
canera, a near-field commumication sensor, # radio freguency identification sensor, &
universal serial bus connector, an infraved sensor, a personal avea network sensor, 8 proximity

detector, a geolocation detector, and a wireless nelwork connecior.

21, The svstem of claim 1, wherein the medical device interface comprises a camers, and the
one or mors 1dentiflisrs comprise one o mors ol a quick response code, a bar code, and a

device identifier,

22, The system of claim 1, wherein the one or more identifiers of each medical device

correspond fo one o more unique device kdentiflers,

23 "The system of claim 1, whergin the mebile computing deviee is further configured 10

generate one o more Ing entrigs of the encounter.

24, The system of clabin 33, wherein the imobile compiting device Is configured 1o transmit
the one or more log entries to the server for inclusion in the integrated data source encounter

stracture.

25 The system of claim 1, wherein the server is remote from the mobile computing device,

26, The systent of claim |, wherein the obtained case data comprises phvsiological data
comprising one or ore oft ECG data, oxygen sanwration data, capnographic data, snd blood

pressure data,

27. The sysiem of claim 1, wherein the oblained case data comprises ireatment data
comprising one or more of defibrillation data, drug tnfusion dats, chest compression data,

aiid ventilation data.

2%. The system of claim 1, wherein the obtained case data comprises performance daty
compnsing one or more oft chest compression performance data and venttlation performance

data.

29, The system of claim 1, wheramn the obiained case data comprises protected health
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information.

30. An associating server for consolidating medical data from an encounter hatween a patisni
and an emergency healtheare provider, the server comprising:
amemory stoving at least one database configured to store case data from a pharality
of medical device case files recorded during the encounter between the patient and the
smergency healthears provider;
a network interface; and
at least one processor comniuicatively conpled with the memory and the network
interface, the at least one processor conligured to:
receive, via the network interface, the plurality of medical device case files
from a plurality of medical devices used 1o weat the patient during the encounter,
store the case data from the plurality of medical device case files in the af least
one database,
receive, via the network mterface, association information from a mobile
computing device, the association information comprising al least one wWentifier of
gach medical device of the phuality of medical devices,
generate at least one search eniterion based at least in part on the association
information to relate the plurality of medical device case files fo one another,
identify the related plurality of medical device vase files based on the
genarated at least one search criterion,
consohdate the refated plurality of medica] device case files to produce an
integrated data sowrce encounter stracture comprising at least a portion of the case
data from the plurality of medical devive case filex from the at least one databass, and
transnt ihe integrated data source encounter structure i review of the
encounter bebween the patient and the emergency healthcare provider to a receiving

computing device.

31, The associating sevver of claim 30, wherein o transmit the integrated data sowrce
sncoter structure comprises to transnut the integrated data source encounter structurs 1o the

mobile computing device,

32. The associating server of claim 30, wherein the integrated data source encopnter strtuchge
comprises information other than patient information.
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33, The associating server of claim 30, whergin 1o transnuit the integrated data source
encounier struciure comprises to transnut the integrated data source encounter structure 1o af

east one medhcal devive of the pharality of medical devices.

34, The assoclating server of clatm 30, wherein o transmit the iniegrated data source
guconnter structure comprises to transimit the integrated data source encounder structare (o a

computing device within an emergency responae cenler.

33, The sssoviating server of claind 34, wherein the association information comprises i tokeu
to access the mitegrated data source encounier siructure and the 8l feast one processer is
forther configured 1o recetve the token ffont the computing device within the emergency
responise center, wherein to ransmif comyprises 1o gutomatically transmit the ntegrated daty

source sncounier structure to the computing device In response 1o reception of the token,

36, The associating servey of claim 30, whersin to recetve the plurality of medical device case
files comprises © receive g plurality of streams of case dsta from the plurality of medicsl

devices,

37 The associating server of clatm 36, wherein the integrated data source encounter stracture

vomprises the plurality of sireams of case data from the plurality of medical devices,

3%, The associating sevver of claim 3, wheren the association information comprises patient

information.

39. The associating server of ¢laim 38, wherein the patient information comprises one or
more of: patient name, patien identifier, age, gender, weaight, height, and past medical

history,

4. The associsting server of claym 30, wherein the association information comprises
timestamp information indicating when at Teast a portion of the plurality of medical device

case files was recorded.

41, The assoclating server of clatm 30, wherein the association information comprises
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timestamyp information indicating when ong or more representations of the at least one

dentifier of each medical device were acquived.

42, The associating server of elaim 41, wherein the association mlormation comprises
geolocation information indicating where the mobile computing device was located when the
one of mare representations of the at least one identifier of each medical device were

acquired.

43, The assogiating server of cliim 30, wherein the association information coinprises
geolocation information indicating where the mobile computing device was located when one

or wiore representaticns of the at least one dentifter of each medical device were acquired.

44, The associating server of claim 30, wherein the association information coniprises
geolocation informatiom indicating where the mobile computing device was located during

the encounter.

45, The assoviating server of claim 30, whersin the ong or more identifiers of each medical

deviee correspond to one of nire unigue device identifiers.

46, The associating server of clatm 30, wherein the server is remote from the mabile

gomputing device,

47 The associating server of claim 30, wherein the case data comprizes physiological data
comyprising one or more oft BCG data, oxypen saturation data, capriographic data, and bload

pressare data,

48, The assoclating server of clatm 30, whevein the case data conprises treatment data
comprising ane or more of: defibrillation data, drug tifusion data, chest compression data,

and ventilation data.
49, The gssociating server of claim 30, wherstn the case data comprises performance data

comprising one or more of: chest compression performance data and ventilation performance

data.
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S The associating sevver of clainy 30, wherein the case data comprises protecied health

information.

1. A nmobile compting device for conyolidating ease data from an encounter belvween i
patient and an emergency healtheare provider, the mobile computing device comprising;
A menory;
a user interface configured 1o receive user input concerning the encounter;
a medical device interface confipured 0 acquire a representation of an identifier of a
medical device;
a network ierface; and
at least one processor communicatively coupled with the user interface, the madical
devics nferface, the network jnterface, and the memory, the ot least one processor being
confipured o
receive, via the user interface, input to acquire a plurality of represeniations of
a ploratity of idewtifiers of a plurality of medical devices involved i the encounter,
stove the acquired plurality of vepresentations of the phvality of identifiers in
the memory,
generate association nlormation comprising the plurality of identifiers, and
trananst the association Information 1o a server for associating and
consolidating the cgse data from at least one medical device case file geverated by the

plusahity of madical devices during the encounter,

52, The mobile computing device of clain 31, wherein the at least one processor 1s further
configured o
regeive, via the network inderface, an miegrated data source encoutler struciure

comprising at least a portion of the case data from the at least one medical device case filg;

and
render, via the user interface, at lgast a portion of the tntegrated data sowrce encounter
struchure.

83, The mobile computing device of clainy 32, wherein the integrated data source snconnter

stracture comprises information other than patisat information.

54. The mobile computing device of claim 52, wherein the portion of the case data comprises
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phvsiological dala comprizing one or more ofr ECG data, oxyeen saturation data,

capnographic data, and blood pressure data.
35, The mobile computing device of clainy 32, wherein the portion of the case data comprises
ireatment data comprising ane or more of; defibrillation data, drug infusion data, chest

compression data, and ventilation data,

56, The mobile computing device of claim 32, wherein the portion of the case data comprises

performance date comprising one or move ofr chest compression perfornwnce data and

ventitation performance data.

37. The mobile computing device of claiin 82, wherein the portion of the case data comprises

protected health information,

SH. The mobile computing device of claim 31, whergin the association information comprises

patient information.

59, The mobile computing device of claim S8, wherem the patient information comprises pue
or more of: patient name, patient identifier, age, gender, weight, heighi, and past medical

history.

6. The mobile compuiing device of claim 31, wherem the associaiion infonmation comprises
simestamp information ndicating when at least a portion of the at least ong medical device

case file was penerated.

61. The mobile computing device of clabm 1, wherein the association information comprises
timestamp information indicating when the plurality of representations of the phaahity of

identifiers of the plurality of medical devices were acguired.

$2. The mobile computing device of claim 61, wherein the association information comprizes
geolocation information indicating where the mobile computing device was located when the
phurality of representations of the phaslity of identifiers of the plurality of medical devices

were acguired.
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63, The mobile compating device of ¢laim 51, wherein the association information comprises
geolocation information indicating where the mobile computing device was located when the
plurality of representations of the phuality of identifiers of the plurality of medical devices

were acquired.

&4, The mobile computing devige of claim §1, wherein the association mformation comprises
geolocation information indicating where the mobile computing devics was located during

the encounter,

63, The mobile computing device of clatm 51, wherein the association information comprises
a tokers 1o access an mtegrated data sowrce encounter structare comprising at least a portion
of the case data from the at least one medical device case file and the at feast one processor is

confipured to fransmit the token to g computing device within gn gmergency response center.

66, The mobile computing device of claim 51, wherein the medical device interface
comprises at feast one off 4 camers, a near-feld communication sensor, 8 radio fequency
identification sensor, & universal serial bus connector, an infrared sensor, a personal area
network sensor, a proximity detector, 8 geolocation detector, and a wireless network

Cenniecton,

67. The mohile computing device of tlaim 31, wherein the madical device interface
comprises a camerg, and the plurality of identifiers comprises one or more of a guick

résponse code, a bar code, and a device identifier.

68. The mobile computing device of claim 51, wherein the plurality of identifiers of the

plurality of medical devices correspond to one or more wnigue device identifiers.

&9, The mobile computing device of claim 51, wherein the af least one provessor is further

configured to generate one or more 1oy entriss of the encounter.

70, The mobile computing device of clain 69, wherein the gt least one processor is
configared {o transmit the one or move log eatries to the server for inclusion in an infegrated
data source encouwnter structore comprising at least a portion of the case data from the at least

one medical device case file,
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71, The mobile computing device of claim 31, wherein the mobile computing device s

remote from the server,

72. A computer implemented process for consolidating case data from an encounter between
& patient and an emergency healtheare provider, the computer implemented process
comprising:

receiving, via a user interface, input 1o acquire a phwrality of representations of a
plurality of identifiers of & plurality of medical devices involved in the encounter,

storing the acquired phurality of representations of the phuratity of identiliers ina
mearnory of the computer,

generating assoviation nforimation comprising the pluratity of tdentifters, and

transnitting, via a network interface of the computer, the association information 1o a
server for associating and consolidating the case data from at least one medical device case

file penerated by the plorality of medical devices daring the encounter.

73, The computer implemented process of claim 72, further comprising:

recetving, via the network interface, an integrated data sowrce encounter stnigiure
compeising &t least a portion of the case data from the &t least one medical deviee case file;
and

rendering, via the user interface, at least a portion of the integrated data source

ancounter siructe.

74, The computer inplemented process of claim 73, wherein receiving the inlegratad data
source envountar struchae comprises recetving micrmation other than patient mivrmation.
75, The computer implemented process of claim 73, wherein rendering the at least & portion
of the case data comprises rendering physinlogical data comprising one or more oft ECG

data, oxygen saturation daia, capnographic data, and blood pressure data.
70, The computer implemiented process of claim 73, whevein rendering the at least a portiom

of the case data comprizes rendeving treatment data comprising one or more of: defibrillation

data, drag infusion data, chest compression-data, and ventilation data.
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77. The computer implemented process of claimy 73, wherein rendering the at least & portion
of the case data comprises rendering performance data comprising one oy more ofr chest
compression perforntance data and ventilation performance data.

78, The computer implemented process of claim 73, wherein rendering the at least s portion

of the case data comprises rendering protecied heglth information,

79, The compuier implemented process of claim 72, wherein fransmitting the association

inforpiaiion conprises transmitting patient information.

%0. The computer implemented process of claim 7%, wherein transmitting the patient
information comprises transmuitiing one or more of ) patient name, patient identifier, age,

gender, weight, height, and past medical history.

81, The compater implemented process of clatm 72, wherein fransmitting the association
nforpation comprises transmitting Ymestamp information indicating when at least a posticn
of the at least one madical device case file was penerated.

{2, The computer implemented process of claim 72, wherein transouiting the association
tformgtion comprises transmitiing timestamp information indicating when the plurality of
representations of the plurality of identifiers of the plurality of medical devives wers

acquired.

83, The computer implemenied process of claim 82, wherein fransmitting the assoctation
mformation comprises transmitting geolpcation nformation indicating whers the muhile
compuiing device was located when the plarality of representations of the plurality of

identifiers of the pharality of medical devices were acquired.

84 The compater implemented process of claim 72, wherein transmitting the association
nformation comprises fransontting geolocation information indicating where the mobile
computing device was located when the plumlity of representations of the plurahity of

identifiers of the plorality of medical devices were acquired.

R3. The compiter implemented process of clam 72, whersin trunsnuiting the association
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information comprises transmitting geolocation information indicating where the mobile

conyputing device was located during the encounter.

86, The compuiter implemented process of claim 72, wheren transmitting the association
mformation comprises ransniiting a token 1o access ap integrated data source encounter
structure comprising at least a portion of the case data from the at least one medical device
case file and the computer tmplemented process further comprises transmitting, via the

network interface, the token to a computing device within an emergency response center.

87, The computer implemented process of elaim 72, wherein receiving input to acquire the
plurality of representations comiprises receiving input via at least one of) a camera, 3 neap
field communication sensor, a radio frequency idemification sensor, a wiiversal sevial bus
conuector, an infrared sensor, & personal area network sensor, a proxinity detector, #

geolovation detector, and a wireless network connector.

#8. The computer implemenied process of clabva 72, wherein receiving input 1o acquive the

plurality of representations comprises recetving inpuat via a camera, and the plarality of

identifiers comprises ong or more off a quick response code, a bar code, and a deévice
identifier.

89, The computer inplamented process of claim 72, wherein receiving tnput {0 acquire the
pluraliy of representations of the pluralny of identifiers comprises receiving mput 16 acquire

a plutality of representations of @ phuabity of unique medical device identifiers.

90. The computer implemented process of claim 72, forther comprising genersting one ot

more log eniries of the encounter.
91, The computer implemented process of claim 90, further comprising trausniitting the one
or more fog entries 1o the sepver for incluston in an integtated daty source encounter struchine

comprising at least a portion of the case data from the ai least one medical devige case file.

92, A non-transitory computer-readable storage medium storing instructions configored 1o

execpte the computer hnplamented process of sny of cladms 72 through 1.
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93, A mobile computing device comprising the non-transitory computes-readable storage

medium of claim 92, wherein the mobile computing device 8 remote from the server.

04, The systemof clam 26, wherem the ECG data comprises a 12-lead ECG data report

93, The system of claim 94, wherein the 12-lead BECG data report comprises elecirical

wiveforms and an intarpretation of ong or more of the elecirical waveforms,

96. The system of claim 1, wherein the plarality of medical devices are configured 1o
autormnatically fransmit the obtained case data to the server as one or more medical device

case Ales without recetving a request from the server for the case daia.

97. The associating server of claimn 47, wherein the ECG data comprises a 12-dead ECU data

repott.

98, The associating server of claim 97, wherein the 12-lead BECG data report comprises

electnical wavelorms and an huterpretation of one or more of the elecirical wavelorms.

99, The assopciating server of claim 30, wherein the at least one processor is configared {o
sutomatically receive the plurality of medical device case files from the plurality of medical

devices without sending a requast for the plurality of medical device case files,

LA gystem for ransmitting medical data reponts, the systemt comprising:
a medical devics confipurad to:
oblain medical datx from a patisnt,
venerate a wedical report based at least on a portion of the obiained medical
data, and
transmit the medical report o a local computing device, the local computing
device being configured to automatically receive the medical report without sending a
reguest to the medical device for the medical report,
wherein one or hoth of the medical device ar the Tocal computing device is further
configared {o transmit the medieal report o one or more remode compating devices via a
commurication network, the one or more remote compating devices being configured 1

gccess and display medical data associated with the medical report.
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101, The system of claim 100, wherein the medical report comprises a 12-fead ECG report.
102, The sysiem of claim 101, wheretn the 12-lsad BCG report is one report of an ntegrated

data source encounier strugcturs,

103, The system of claim 101, wherein the 12-lead BCG report comprises electrical

waveforms and an intarpretation of ong or more of the elecirical waveforms,

104, The system of claim 100, wherein the medical device is configured 1o transmit the

medical report to the focal computing device using a wireless local ared network.

103, The system of claim 100, wherein the medical device is configured to vansmit the

niedical report to the local computing device using a personal area network.

116, The system of claim LKL, whevein the medical device or the local computing device is
configured to transmiit the medical report t the one or more revoote comnpating devices using

a celludar network

107, The system of claim 100, wherein the medical report is encrypied before it is transiitted

by the medical device to the local computing device.

T0¥. The systern of claim 108, wherein the local computing deviee is configured (o opt out of

recetving compnntcations from the medical device.

109, The system of claim 100, wherein the madical device comprises: a defibrillator, a patient
monitor, an amomated extermal defibrillator, 2 ventilator, an avtomated chest compression

device, of a wearable defibrillafer.

1 Hh The system of clabm 108, whereiry the ong or more remote computing devices are

configured to display a list of received medical reporis.

111, The system of claim 110, whergin the one or more remote computing devices are
comfigured 1o filter the Hst of recelved medical reports based on Umestamps associated with

the wedical reports,
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112, A mobile computing device configured to receive and transmit medicad data veposts, the
mobile computing device comprising:
# WRIMOTY,
a user interface;
a network interface; and
at least one provessor communicatively coupled with the user interface, the
network interface, and the memory, the at least one processor being configured to:
automuically recetve a medica! report transnuted from & medical devicg
without sending a request o the medical device for the medical report;
provide access to the medical report via the user interface; and

transmit the medical report 1o one of ore remiote computing devices.

113, The mobile computing device of elaim 112, whergin the medical report comprises a 12~

lead ECG report,

114, The mobile computing device of claim 113, whevein the 13-lead ECOG report s ous

report of an integrated data source encounter sructure.

1135 The mobile computing device of claim 113, whergin the 12-lead ECG report comprises

glectrical waveforms and an interpretation of one or more of the elecirical waveforms,

116, The mobile computing device of claim 112, wherein the medical report is adonatically

receivad via g wireless oval avea network.

117 The mobile computing device of claim 112, wherein the medical report is amtomatically

recetved vig g personal area network,

118, The mohile computing device of claim 112, whersin the at least one processoris
configured to transmit the medical report to the one or more remote compating devices using

a cellnlar network.

119, The mobile computing device of claim 112, wherein the medical report is encrypied

hefore being received.
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120, The mobile computing device of claim 112, wherein the at least one processor is
configured o opt oui, via the user interface, from receiving conumuaications from the

medical device.

121 The system of claim 112, wherein the medical device comprises: ¢ defibrillator, o patient
monior, an automated external defibrillator, 8 ventilator, an avtomated chest compression

device, or a wearable defibrillator,

122, A pomputer inplententad process for receiving and transmitting medical data reporis,
the computer implemented process comprising:

automatically receiving a medical veport transmitted from g medical device withowt
sending a request to the medical device for the medical report;

wroviding access to the medival report via a user interface; and

transmmitting the medical report to one or more rentote compuiing devices,
123 The computer implemented process of claim 122, firther comprising displaying one or

mote wiveforms associated with the medical report via g display.

124, The computer pnplemented process of clam 122, wherein the medical report comprises
124, Th i { ted | el 122, wh i dical t

a 12-lead BECG report.

125, The computer inplemented process of elmnt 124, whevein the 12-fead ECG repmtis one

veport of an intsgrated daia source encounter structime.

126, The computer implemented process of claim 124, wherein the 13-lead ECG report
corpprizes electrical waveforms and an interpretation of one or move of the electicad

wavetorms,

127. The computer implementied process of ¢laim 122, wherein the sutomatically reveiving
¥ R 'l

coraprises automatically receiving the medical report via a wireless focaf area network.

128, The computer implemented process of claim 122, wherein the autoraatically recetving

comprises autontatically receiving the medical report via a personal area nepwink.
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129, The compater implemenied process of claim 122, wherein the transpyithing comprises
fransmitting the medical report to the ong or more remote compiting devices using 3 vellular

network.

130, The computer implemented process of claim 122, further comprising decrypting the

medical report after receiving the medical report.
131 The computer implenented process of clatm 122, further comprisiig receiving sn nput
from a user via the user interface and ceasing the sutomatic recaiving of any further medical

reporis in response (o the inpul.

132 A non~transitory computer-regdable storage medim storing mstractions configured to

execute the computer implemented provess of any ooe of claims 122 - 131,

133, A mobile computing device comprising the non-transitory computer-readable storage

medium of clainy {32,
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