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Forward-Looking Statements

During the course of this presentation, we may make forward-looking statements regarding future events or
the expected performance of the company. We caution you that such statements reflect our current
expectations and estimates based on factors currently known to us and that actual events or results could
differ materially. For important factors that may cause actual results to differ from those contained in our
forward-looking statements, please review our filings with the SEC.

The forward-looking statements made in this presentation are being made as of the time and date of its live
presentation. If reviewed after its live presentation, this presentation may not contain current or accurate
information. We do not assume any obligation to update any forward looking statements we may make. In
addition, any information about our roadmap outlines our general product direction and is subject to change
at any time without notice. It is for informational purposes only and shall not be incorporated into any contract
or other commitment. Splunk undertakes no obligation either to develop the features or functionality
described or to include any such feature or functionality in a future release.

Splunk, Splunk>, Listen to Your Data, The Engine for Machine Data, Splunk Cloud, Splunk Light and SPL are trademarks and registered trademarks of Splunk Inc. in the United
States and other countries. All other brand names, product names, or trademarks belong to their respective owners. © 2017 Splunk Inc. All rights reserved.
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Framework

Parallel Simulated Systems / Clinical Environment Engineering
- Bedside clinical informatics systems research

» Setting » Methods » Results » Next Steps
* TESTPILOT * ARGUS * PERSEUS * Machine learning
* SimCode * Existing * MeTeOR * NAVIGATOR
- CIRRUS approaches
- CREW * BIRDSS-I
* ASCENT AED
* STORM
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Cart #1:
Setting

Pre-pre-Splunk
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Setting

» RIH

“Can we use simulation to test a new ER before it opens?”

Transportable Enhanced Simulation Technologies for
Pre-Implementation Limited Operations Testing (TESTPILOT) Program

in new Emergency Departments R
Leo Kobayashi MD, Marc J. Shapiro MD, Andrew Sucov MD, Robert Woolard MD, and Gregory Jay MD PhD
From the Department of Emergency Medicine, Brown Medical School, Providence RI

- { Patient monitor system| | Controls for movable surgical lights Operational lssues ientfed Trougn survey comments. TESTPILOT survey resuts. ‘- : 1 i tact imi
H laced too high obscured behind equipment cart® (20K type alcates operatonal fssues a30ressed prior to faciky 0pening) T [ g and pr y
| | . onenhﬂon to Rhode Island Hos ital’s new ED
o | : v Sesuscnstue sctvey perbrmance | Eoubment siRlisDIR 30 orogrist P
—p [ e ~ANrWay SqUIPMSNT Tray sasiy KNOCKSA OFT PIAr SN &iT (598 FIQUIS 2)

-Compacatd srway mansgement dsvices not rscy avaizds have been arranged through a Transportable

. ——t /) ~Controis for 48104 39109 47206 46205 4407 h d lati i re-
-y ST ~Cricothyroidotomy kit location unciear ' : : : * E Si Li Od. o bed '?I'r P
- Y -Defibrilistor connector cabls difficurt to locats || imit rations Testin
~Limhea glove dispenser ocatins 13108 | 36108 | 43106 | 44505 || ei1ten pe 9
“Patiant monttor system piaced too high (TESTPILOT) program. Designed by
~Pediatric and iarge 1aryngoscops bisdss not found v

-$mail and 1args sizs endotracheal tubss not found
“Thoracostomy it/ tube ocation unciear
noracotomy kit location unciser

experts and ED administrators, the
program consists of cardiac arrest, multi-
trauma, uroseptic shock, and pediatric
dasos | asso7 [amsos J4ez0f | toxicology SIM scenarios. Precisely scripted
cases require assorted on-site interventions
along the continuum of emergent patient care
to elicit the dynamics of real-life ED activities

T1211 | 43:06 | a8s04 || 48207

Sesuscratve space ! Movement 310 fow of gatient ang si3® mempers
~EQuipment 300essie WRN MMl movement
-Moving pitar system unstable for equipment trays and monitors
Paent soessllny Sectes o) montorcore | aienos

Transition of an active Emergency Department
(ED) to a new physical plant presents
tremendous challenges. Staff unfamiliarity

Cinical s12% oregarecness
~New clinical environm by 2l canical staff
-Suppismentsi orlentstion sassions necessary to train staft

CoumCATIONS

systems incompatibilities, and diserepancies e T | T e e

e B e S e T T g identfy deficlencles and | partici

between expecled and actual practice e SRy seoures medatn sorge sy, paet nenkors) s :: pa
reate ially hazardous ~Spacious work environment Tevos [ 37eTT [ #sior | aEeee [ a@mes ns requiring prior

~Teamwork benawiors and resourcetingss of Staff mempers

conditions for patients. Efforts to mitigate e oo s enoa day. Continuing the flight simulator analogy
arei ive to ensure B e p i o i evonnen SN IS N RN — of SIM's role in healthcare provider education,

effective healthcare delivery and patient safety gL i el e L ptet it . IESTPlLOT HED SR E2 6 trouble-shooting

during the transition period. ‘wind tunnel” for new clinical environments.

Actively employed in various settings,
h d dical lati (SIM) has
b sufficiently phisti d to assist
and familiarization efforts for new

clinical practice environments. With the
“portabilization” of life-sized computerized
manikins that exhibit real-time responses to
particip inter i SIM now permits
analysis and performance of patient care
activities in situ. Intended to realize complex
events of high-risk and low-frequency, SIM

may also bl of actual p
care areas’ capacity for emergent
resuscitative processes.
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» RIH

¢ “Can we use simulation to test a new ER before it opens?”

Setting

TESTPILOT

“Can we use simulation to see what happens during a hospital code?”

SimCode

Yes.

call

[time]

code
ends

more

Preliminary Analysis of In-Hospital Cardiopulmonary Resuscitation Simulation
(SimCode) Training Program

Leo Kobayashi**, Marc J Shapiro**, Donna Haze?, lise M Jenouri**, David G Lindquist:*,
Elizabeth M Sutton**, Mark S Jones®, Scott Marcotte®, Peggy Martin¥, Gregory D Jay'#,
From the Departments of Biomedical Engineering?, Emergency Medicine?, Warren Alpert Medical School, Providence RI, the Departments of Nursing¥ and
Risk Management¥, Rhode Island Hospital, Providence, RI and the Rhode Island Hospital Medical Simulation Center®, Providence RI

INTRODUCTION: Personnel to hospital medical RESULTS: 80 second-year Internal Medicine residents and approximately 100 Lifespan
(‘codes”) need to overcome unfamiliarity with patient and equipment, task overload, time personnel participated over one year in six Airway+Leadership sessions and six on-site
pressure lapses and in In the context of

SimCode P y. Data from p on-site sessions revealed
resuscitation teams armmving 2.7£1.0min (meanzSD; range 1.5-4min) after code initiation
proper bag valve ventiation by 2.8+1.0min (25-3.0min), and 6 of 6 successful
endotracheal intubations at 10.6+2.7min (7-14min). CPR was performed acceptably for
80% of SimCodes (n=5) within 3.842 8min (0.5-8min), although several teams either did

not maintain minimum compression rates or rotate compressors. Defibrillation was
:l accomplished 5.923.7min (1-11min) after deterioration into shockable rhythms. Code

increasing patient census acuity and complexty, high-fidelity medical simulation (SIM)

exercises directed towards improving specvﬁc skillsets used during code situations were
to attempt patient safety. Development,

implementation and preliminary results ollne SimCodes initiative are descnbed

METHODS: Examining actual Rhode Island Hospital (RIH) medical floor resuscitation
events, Rhode Island Hospital Medical Simulation Center (RIHMSC) staff and members of

=) cants were adequately stocked for 40% of responses (n=5). code leaders were readily
the Cardiac Arrest C D of Medicine and Internal Medicine identifiable and team members appropnately assigned to roles during 50% (n=6) and
identified phy airway and leadership skills as being potential areas for = 100% (n=6 luding crowd control and chart tasks) of
P to SIM A the SimCode program was | Figures 1+2 (adbove+right) Ep—— respectively.
g two modules: 1) Code Team On-site SIMCo0de in progress.

Airway Managemenl and Leadership Skills Sessions to 1ocus on airway and teamwork skils | Figure 3 (far right): SimCode

—_— CONCLUSION: Educational, evaluative and remedial uses of fully interactive manikin-
in Internal Medicine residents, and 2.) In-hospital SimCodes to assemble and immerse a full observation tool

based simulation are ongoing and bemg aggressively researched in a variety of medical

of code team for bedside medical resuscitation training with active | Figyre 4 (below): On-site SmCode fields are suitable for and
in team and coop bls lving. A SimCode evaluation of the unique demands arising dunng medical
measurement tool was developed from existing RIH and RIHMSC checklists of critical code sessions with ~100 providers Aorovenres T rewes mes o e e veres vu crosee s
resuscitative actions.
SimCode database
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Setting

» RIH
* “Can we use simulation to test a new ER before it opens?” Yes.
- TESTPILOT
* “Can we use simulation to see what happens during a hospital code?” Yes(!)
- SimCode

* “Why is CPR universally bad?”
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Setting

» RIH
* “Can we use simulation to test a new ER before it opens?” Yes.
- TESTPILOT
* “Can we use simulation to see what happens during a hospital code?” Yes(!)
- SimCode
* “Why is CPR universally bad?”

- “It could be the instructors?” Maybe(!)
CIRRUS
- “Maybe we need more people to do CPR?”
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Setting

» RIH
* “Can we use simulation to test a new ER before it opens?”
- TESTPILOT
* “Can we use simulation to see what happens during a hospital code?”
- SimCode
* “Why is CPR universally bad?”

- “It could be the instructors?”
CIRRUS

- “Maybe we need more people to do CPR?”
CREW

In Situ Sim
Cardiac Arrest

Using
s Automated External Defibrillotors

ulation Comparing In-Hospital First Responder Sudden
Bocancriokie T € 4 Defibrlltors ond
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Setting

» RIH

* “Can we use simulation to test a new ER before it opens?”

- TESTPILOT
* “Can we use simulation to see what happens during a hospital code?”
- SimCode
* “Why is CPR universally bad?”
- “It could be the instructors?”
CIRRUS
- “Maybe we need more people to do CPR?”
CREW
- “What happens if you use AEDs?”
ASCENT AED
- “Ok, forget the people, let's make machines do the work.”

© 2017 SPLUNK INC.

Yes.

Yes(!)

Maybe(!)
Maybe.

Maybe.
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» “Catching the problem earlier”
¢ Common pathways to (medical) code

* Primary cardiac arrhythmic arrest (VF / VTach; bradycardia)

* Hypoperfusive / hypotensive arrest
* Hypoxic / hypercarbic arrest
» Systems in place

* Continuous patient monitoring with central telemetry system

* Alarm parameters
* Staff responsibilities
» Failures of systems in place
* Failure to detect (accurately)
* Failure to recognize (adequately)
* Failure to respond (appropriately)

Methods

blue

© 2017 SPLUNK INC.

Management

APPLICABLE TO HOSPITALS AND CRITICAL ACCESS HOSPITALS
Effective January 1, 2014

National Patient Safety Goal (NPSG)

NPSG.06.01.01
Improve the safety of clinical alarm systems.

Rationale for NPSG.06.01.01

Clinical alarm systems are intended to alert caregivers of
potential patient problems, but if they are not properly man-
aged, they can compromise patient safety. This is a multi-
faceted problem. In some situations, individual alarm signals
are difficult to detect. At the same time, many patient care
areas have numerous alarm signals and the resulting noise
and di i ion tends to itize staff and cause
them to miss or ignore alarm signals or even disable them.
Other issues associated with effective clinical alarm system
management include too many devices with alarms, default
settings that are not at an actionable level, and alarm limits that
are 100 narrow. These issues vary greatly among hospitals and
even within different units in a single hospital.

There is general ag; that this is an imp safety

issue. Universal solutions have yet to be identified, but it is

important for a hospital to understand its own situation and to
develop a i i Pp to clinical alarm
system g izati ib to safe alarm
system but it is recognized that solutions may
have to be customized for specific clinical units, groups of

patients, or individual patients. This NPSG focuses on manag-
ing clinical alarm systems that have the most direct relationship
to patient safety. As alarm system management solutions are
identified, this NPSG will be updated to reflect best practices.*

* Additional informasion on alarm safety can be found on the AAMI website

hatp/iwww.aami org/hisialarms/. Also, the ECRI Institute has identified alarm
hazards as one of the top technology hazards for 2013; more on

National Patient Safety Goal on Alarm

Elements of Performance for NPSG.06.01.01
A 1. As of July 1, 2014, leaders establish alarm system
safety as a [critical access) hospital priority. 1
A 2. During 2014, identify the most important alarm signals
to manage based on the following:
® Input from the medical staff and clinical depart-
ments
® Risk to patients if the alarm signal is not attended
to or if it malfunctions
® Whether specific alarm signals are needed or
unnecessarily contribute to alarm noise and alarm

fatigue

® Potential for patient harm based on internal inci-
dent history

® Published best practices and guideli

(For more inf ion on ing medical i
risks, refer to Standard EC.02.04.01.)

A 3. As of January 1, 2016, establish policies and proce-
dures for managing the alarms identified in EP 2
above that, at a minimum, address the following: R ]

® (Clinically appropriate settings for alarm signals
® When alarm signals can be disabled
® When alarm parameters can be changed
® Who in the organization has the authority to set
alarm parameters.
®  Who in the organization has the authority to
change alarm parameters
®  Who in the organization has the authority to set
alarm parameters to “off"
® Monitoring and responding to alarm signals
® Checking individual alarm signals for accurate set-
tings, proper operation, and detectability
(For more information, refer to Standard EC.02.04.03)
C 4. As of January 1, 2016, educate staff and licensed
i it about the and
proper operaaon of alarm systems for which they are

this hazard list can be found at hitp /www ecri org/F orms/Pages.
INkarm_Safety_Resource aspx.
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Methods

» Research + Development Program Aims / Phases

* “To better understand the alarm fatigue resulting from existing bedside patient monitoring

telemetry systems and create a non-proprietary mechanism to augment the analysis and
delivery of critical information to clinical providers.”

* “To comparatively evaluate the performance and utility of existing and experimental patient

monitoring telemetry systems with human factors engineering, simulation and patient tracer
methods.”

* “To prepare and disseminate a non-proprietary medical technology interface toolbox for
continued medical device and informatics research at the study institution and beyond.”
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Methods

» Research + Development (Phase 1; 2010-2012)
* Existing systems
* Intervention
* Data access (middle layers)
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Methods

» Existing Systems (RIH ED, 2010)

* 100,000 adult census / year
* Patient monitor telemetry system
* System as intended
— HP/Philips telemetry system
— Monitored spaces:

- 12 critical care

- 45 urgent care

- 7 observation unit
— Central stations:

- 1 in critical care (hallway)

- 3 in urgent care

- 1 in observation unit

Jollly] Sl .conf2017
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Methods

» Existing Systems (RIH ED, 2010)

* System in operation
- 1 of 5 system PCs (A9-15) non-booting
— All alarm speakers (actively) disconnected

— No rhythm printers connected

— Positioned at secluded non-clinical stations

— Used by <50% of attending ED clinicians...
...yet anecdotal reports of “saves.
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Methods

» Existing Systems (RIH ED, 2010)
* Accessible Real-time clinical Guidance through Updated Signals [ARGUS]
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Methods

» Existing Systems (RIH ED, 2010)
*1 of 10 VT runs (HR 150 x 3min)
detected by providers
* 0 of 10 S.Brady (HR 20 x 3 min)
detected by providers
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Methods

» Intervention

Improve relevance of telemetry system

* Settings re-configuration, signal:noise
Improve “visibility” of telemetry system

* Monitors moved to clinician / RN stations
Improve usability of telemetry system

* Trackpad interface, routine maintenance
Reduce workplace footprint of system

* Low volume alerts

* User-specified printing

Increase userbase

* User awareness + familiarity

Table 1: Experimental Multi-element Human Factors Engineering Intervention.
Specifc deficiencies HFE conceptual
System identified in baseline Experimental intervention basis / evidence for
feature system implementation implemented intervention
Accessibility / Usability
Audibility -Alarm speakers muted or -Re-posiioning of speakers o -Environment design
non-functonal distributed telemetry display -Equipment design +
locations usability
-Adjustment of alarm volumes for -Human-to-device
audible, less obtrusive notficaion | interacton
General -System PC components in_|-Re-positoning and updatng of -55 pnnciples (sort,
functon disrepair (disconnected, system PC components in straighten, sweep,
physically-distressed separate, secluded spaces standardize, sustain)
and/or non-booting PCs)  [-Coordination of institutional -Equipment usability
infrastructure for routine
maintenance
Input -Tradmonal keyboard and -Placement of fouchpad input -Equipment design +
interface mouse input devices devices at physician station usability
suboptimal for limited telemety displays and atnursing [-Human-to-device
workspace stafions for intuitve interacton interaction
Visibiity ~Telemety displays located |-Re-positoning of central idlemety |-Environment design
in peripheral areas (eg., displays to physician stations -Human-to-device
hallways, spaces for ED  [-Installaton of distributed telemetry interaction
interpreting services) large-screen displays at RN -Task design
stations
Relevance 7 UTility
Clinical -Poor SignalNoiSe rato, wilh |-IRes etng of alarm parameters o -ED administraion and
relevance excessive false alarms reduce false alarms, ie., practice group input
resuting in “alarm fatigue® | “Red" alarms only for: from MD and RN
-asystoke > 4 sec end-user Web
-:f;dyﬁsm::gobgpm surveys and small
- ycandis m
VA or VT > 100 o] group discussions
“Yellow™ alarms for
- NSVT
-Ron-TPVC
-SVT> 180 bpm
-Ventrcular ththm > 14 PVCs
Addifional vital sign alarms:
-SBP > 200 mmig
-SBP <90 mmHg
-SpO2 <83%
- Removalof sll RR slarms
(eg. spnes)
General -Lowyieldofsystemaccess |-System infegrafion info RN -Operafor selecion
utility for diinical providers charting workflow -Task design
Userbase
User “Widespread knowledge -Announcement of study conduct -Environment design
awareness deficitof system and intervention at MD and RN -Operator selection
presence, availability and meetings
features -Study simulation sessions
User “Widespread knowledge ~Group in-Serviang and on-shift ~Opeéraior training
familianty deficitof system operation in-servicing of MD's and RNs

© 2017 SPLUNK INC.
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Methods

» Intervention

Previous default alarm / threshold settings:
- Low blood pressure: £30 mmHg
- High blood pressure: =160 mmHg
- Low heart rate: =50 bpm
- High heart rate: 2120 bpm
- Low pulse oximetry: £90%
- Respiratory alarms: apnea alarm ON, bradypnea alarm ON, tachypnea alarm ON

Revised default settings
- Low blood pressure: €90 mmHg (no change)
- High blood pressure: 2200 mmHg
- Low heart rate: =40 bpm
- High heart rate: 2130 bpm
-Low pulse oximetry: =89%
- Respiratory rate: apnea alarm OFF, bradypnea alarm OFF, tachypnea alarm OFF
(based on the expectation that apneic patients will quickly develop other vital sign abnormalities / arrhythmias).
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Methods

» Intervention

Urgent A pod telemetry montor system . W0 e RE-ROUTED w00 Urgent B pod telemetry montor system . - w0 e RE-ROUTED w0
CUrrent Configuration cegrem > + REROUTED power current configuration . +» RE-ROUTED power
Cammmunc o Certer Physcan charteg ares . » RE-ROUTED matwork Comimunc o certer Py Chartrg wrea + RE-ROUTED network
Telometyy Gaglay moator Telemety PC Telemetry Gsglay montior Telemety PC
(Phiigs Intell Ve soRware. (Phigs IntellVue sofware.
Yo e
| (L W tietaon roter L Wall poww cutet
. .- l.

W etaon roter

Urgent B pod telemaetry montor system
\ Communc stons certer Physecan channg area

WAl power Cutet
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Methods

» Intervention
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Methods

» Post-intervention (RIH ED, 2012)
* 8 of 10 VT runs (HR 150 x 3min)
detected by providers
* 3 of 10 S.Brady (HR 20 x 3 min)
detected by providers
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Program intervertins

Methods

Program and Study Session
Characteristics

Phase Pre-intervention phase study site diagram with ti of Yy itori
system displays and arrhythml
i URGENT AREAA [
: o i 1 IEIAIAIU_ foes) P room
Nursing
1L Moy ] {sjgnmem
\ Display
T monkors

Mortn
i
Live ED nt Care Es
Tos postive e
Fuiresame ok vscnied
o peescine ot kot
Simulated ‘elemetry Ventricul

rms  [vontricular rate

[ AT
.y uL] w e
— B

Intervention Implementation [Interim] phase study site diagram with locations of
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Methods

» ARGUS...

* Live environment, 2 week alarm sample dataset review
* VTach alarm PPV 0.02 (3 of 124)
* SBrady alarm PPV 0.56 (9 of 16)

» ...PERSEUS (Push Electronic Relay for Smart Alarms for
End User Situational Awareness) !
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Methods

» Data access (middle layers)
* Existing systems

— [Philips Research Data Export (RDE) $ 20K]

- BedMaster

- iXTrend 3k euros
— Capsule

— MediCollector $ 1.5k

- OpenlICE
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Methods

» Data access (middle layers)
* BIRDSS-I

ToughBook B

ixTrend remote monitoring BIRDSS-I station

© 2017 SPLUNK INC.
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Methods

ol

* Data access (middle layers
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Cart #3:

Results
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Results

» Research + Development (Phase 2; 2012-2017)

* Data acquisition (lower layers)
* Data analytics
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» Data acquisition (lower layers)

IntelliVue MP20/30

Ve

Service Guide

IntelliVue Patient Monitor
MP20/MP20Junior/MP30

Patient Monitoring

Results

© 2017 SPLUNK INC.

IntelliVue X2, MP Series & MX Series

] a
u} | o
ol '
Motwah  Weriess Mtk 16 Wrvioss Metwort
Tn—

4535 642 5927
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» Data acquisition (lower layers)
MeTeOR

Results

© 2017 SPLUNK INC.

PERSEUS Program (Phase |) Medical Technology Interface- Open / Research [MeTeOR] Toolbox Concept (Intel NUC-based example)

Device data
System status /

messages
System alams

(medication, volume,

| USB-serial (RS-232)

USB-parallel (IEEE-1284) |

Patient ADT Local PC / Processor 3
(admission / x86 architecture (e.g., Core i3, Celeron) Server PC/ Software
discharge / Operating system Push messaging software Informatics
Microsoft Windows PC Heartbeat software . )
transfer) data Linux Databasing software 4 /‘ Biomedical testers
Medical devices | HR/ HRV Output communications ¥ Cloud senices
i i EKG wavefomms \I Wireless 802.11 (mixed) Displays
Diagnostic vs. Sp02 / waveforms Ethernet (RJ-45) > | Emai/sms
therapeutic vs. RR/ pleth wavefoms : ) .
mixed use NIBP \ . Input interfaces | Software | Output interfaces '\ EMR's /EHR's
Legacy vs. new Temp (core / other) |1 N : ':ﬁtllj-lgbp-ae;?n L?rliDc | / \ | FTP
VS. 4 i I
1 i i ; Medical decision-
Single function | ABP wavefomms | [PCle slof] c;:;z:"fggta'ens) " [PCle slof] ,)) \
vs. multifunction| €© 1. Bluetooth 3 i Bluetooth support systems
Stand-alone ve CVP wavefomms | Wireless 802.11 [mixed] " I Wireless 802.11 (mixed) | Networks
- | PAP wavefomms /‘I 2Thunderbolt ‘ ! 2Thunderbolt (DisplayPort) | Printers
networked PCWP waveforms USB 3.0 USB 3.0 : RSS feeds
Infusion characteristics . USB-Ethernet (RJ-45) USB-Ethernet (RJ-45) Storage devices /

concentration, rate) USB-SATAIDE media
Anesthesia machine i USB-serial (RS-232) Webpages / Web
data ' Video
Laboratory data ?DisplayPort servers
(bedside and lab) HDMI Effectors

Neurocritical care data
(BtO2, CBP, EEG
wavefom, ICP)

...and others

USB-video (DisplayLink)

To be developed
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Results

» Data acquisition (lower layers)
* MeTeOR
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Results

» Data acquisition (lower layers)
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Results

» Data acquisition (lower layers)
* MeTeOR
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Results

» Data acquisition (lower layers
* MeTeOR
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Results

» "Just”" data |
* Dev-ops =y

hypertension
hypoxia
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Results

» Data acquisition (lower layers)

{ S pI u n k index=<index> source=<source> Pleth{}!=null index=perseus-json alarms.Alarm_P_0.code!=null

| eval Pleth0=mvindex('Pleth{}'.O) | eval alarm_codes="" | foreach alarms.Alarm_P*.code [eval alarm_codes="<<FIELD>>" + " + alarm_codes]
| where Pleth0!=2047 | makemv delim="" alarm_codes

| eval counters=mvrange(0,32)
I eval ﬁelds=mvzip('Pleth{}',counters) | eval alarm_cs = mvzip(alarm_codes, alarm_sources)

| mvexpand fields | rex field=source "\d{8}.(?<source_machine>.).\d{4}-\d\d-\d\d"
| rex field=fields ..(?< Pleth>.).(?<counter>.)" | eval alarm_csS = mvziplalarm_cs, source_machine)

| eval _time=_time + counter/128
| chart first(Pleth) by _time

| eval alarm_sources="" | foreach alarms.Alarm_P*.source [eval alarm_sources='<<FIELD>>"' + "7 + alarm_sources)
| makemv delim="" alarm_sources

| transaction alarm_csS maxpause=5
| eval alarm_csdedup = mvdedup(alarm_csS)

| eval alarm_csdfHR130e=if(match(alarm_csdedup, "NOM_EVT_ECG_TACHY_EXTREME,NOM_ECG_CARD_BEAT_RATE"),"severe
tachycardia”")
-EKG | foreach alarm_csdfHR130e [eval MPA=if(len(alarm_csdfHR130e)>0, '<<FIELD>>', MPA)]

. . | | eval alarm_csdfHR40e=if(matchl(alarm_csdedup, "NOM_EVT_ECG_BRADY_EXTREME,NOM_ECG_CARD_BEAT_RATE")."severe
index=<index> source=<source> ECG{}'=null bradycardia™)

| eval ecgO=mvindex('ECG{}'0) | foreach alarm_csdfHR40e [eval MPA=if(len(alarm_csdfHR40¢)>0, '<<FIELD>>, MPA)]

| where ech >-40 | eval alarm_csdfBP200=if(match(alarm_csdedup, "NOM_EVT_HI,NOM_PRESS_BLD_NONINV_SYS")"hypertension”™)
| foreach alarm_csdfBP200 [eval MPA=if{len(alarm_csdfBP200)>0, '<<FIELD>>", MPA)]

| eval alarm_csdfBP90=if(match{alarm_csdedup, "NOM_EVT_LONOM_PRESS_BLD_NONINV_SYS")."hypotension”"™)

| eval counters=mvrange(0,64)

| eval ﬁelds=mvz:p( ECGl}'counters) | foreach alarm_csdfBP90 [eval MPA=if(len{alarm_csdfBP90)>0, '<<FIELD>>', MPA)]

| mvexpand fields | eval alarm_csdfSpO289l=ifimatch(alarm_csdedup, "NOM_EVT_LO,NOM_PULS_OXIM_SAT_O2_*"), "hypoxia™"™)

| rex field=fields "(?<ecg>.),(?<counter>.)" | foreach alarm_csdfSp0O289I [eval MPA=if{len(alarm_csdfSp0O2891)>0, '<<FIELD>>', MPA)]

| eval _time=_time + counter/256 | eval alarm_csdfSpO289d=if(match{alarm_csdedup, "NOM_EVT_DESAT,NOM_PULS_OXIM_SAT_O2_*"), "hypoxia"™)

| chart firstec g) by e | foreach alarm_csdfSpO289d [eval MPA=if(lenfalarm_csdfSp0O289d)>0, '<<FIELD>>", MPA)]

| timechart span=15min values(MPA) by source_machine limit=15 (¢

* ELK stack (Elastic Search, Logstash, Kibana) open source
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» Data analytics

Results

* Bedside clinical informatics applications

PERSEUS Program System Concept

transduction
black box
(MatLab .exe) |4

Signal
transduction
black box

signal + noise

Signal

transduction
black b:

false
alafmn

Signal
transduction
black box

| (MatLab .exe)

Signal
transduction
black box
(MatLab .exe)

signal -> information response
nurse (cell phone)
ring

Multi-
parameter
alarm
processing
software

messaging
daemon
(software)

mirrored SMS
messages
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» Data analytics

* Predictive functions

Results

Q New Search

index=perseus-Jjson sourc
timechart span=

pper99=high

Events (75) Patterns

110

100

90

60

Statistics (7)

v 75 events (12/7/16 7:26:00.000 PM to 12/7/16 7:27:15.000 PM) N

Visualization

p02 predict

\\Dropbox\\+PERSEUS share\\-

Event Sampling v

thm=LLT Avg

-study data\\2

Sp02!="Not

a number"

Date time range Vv Q

- AvgSp02
predSp0O2
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» Data analytics
* Associated applications

Al .

A B
1 Iwindow -IbO
2 segment_sta11.31.24
3 A_RR_start 0:00:10
4 A_RR_durati 0:00:20
5 A_HR_start 0:00:50
6 A_HR_durati 0:00:10
7 B_RR_start 0:00:20
8 B_RR_durati  0:00:10
9 B_HR_start 0:00:20
10 B_RR_durati 0:00:10
11 C_start 0:00:30
12 C_duration 0:00:30
13 D_start 0:00:50
14 D_duration 0:00:10
15 E_start 0:00:00
16 E_duration 0:01:00
17
18
19
20
21
22

C

e50 -:
113421

PPG Graph

Subject

\‘ s24

VSC Agreement for s24

200

100

Results

11:30 AM
Thu Jul 28
2016

_time

11:40 AM

© 2017 SPLUNK INC.

fx LU Search Pivot Reports Alerts Dashboards

Edit v
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» Data acquisition
» Data analytics

Results

(5.2017 update)

| PERSEUS Program (Phase |) Medical Technology Interface- Open / Research [Me TeOR] Toolbox Concept (Intel NUC-based example)

~

Device data
System status /
messages
System alams
Patient ADT
(admission /
discharge /
transfer) data
Medical devices i HR/HRV \
i i EKG waveforms
Diagnostic vs. SpO2 / wavefomms
therapeutic vs. RR/ pleth waveforms
f NIBP
s Temp (cord\othen []
Legacy vs. new
Single function IC\%P wavefi u
vs. multifunction CVP f
Stand-alone vs. PAP waveforms \
networked PCWP waveforms
Infusion characteristics

(medication, volume,
concentration, rate)
Anesthesia machine

1

(bedside and lab) |
Neurocritical care datg
(BtO2, CBP, EEG |
wavefom, ICP) ]

1

Locai PC / Processor

x86 architecture (e.g., Core i3, Celeron)
Operating system

Microsoft Windows

Linux ’
| Software

' Input interfaces

. Output interfaces

intelligent alerts) !

iServer PC / Software
Push messaging software
PC Heartbeat software
Databasing software

il

Output communications
Wireless 802.11 (mixed)

Ethernet (RJ-45) \
D)

-

Informatics
Biomedical testers
Cloud senices

Displays

YN

Email / SMS

[PCle slot] o )))
Bluetooth 4°MerTE0 Iy | L/ A o [
Wireless 802.11 [mixed] ] "™ Wireless 802.11 (mixed)
Thunderbolt ?Thunderbolt (DisplayPort)

B3.0
SB-Ethernet (RJ-45)

UsSB3.0

USB-Ethernet (RJ-45)
USB-parallel (IEEE-1284) |
USB-SATA/DE '
USB-serial (RS-232)

! Video
?DisplayPort
HDMI -
USB-video (DisplayLink)

EMR's /EHR's

FTP

Medical decision-
support systems

Networks

Printers

RSS feeds

Storage devices /
media

Webpages / Web
servers

Effectors
To be developed
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Cart #4+:
Next Steps

More Splunk!
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Next Steps

» Research + Development (Phase 3; 2017+)
* Experimental applications
* Dissemination
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Next Steps

» Experimental Applications

* Real-time / Near-real-time data processing
- QoS

Pleth [25, u None, None, None, None, None, None, None, None, None, None, None, u’hypoxia’, None)
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Next Steps

» Experimental Applications
* Physiologic datastream acquisition
* NAVIGATOR program

- Non-contact vitals

* Temperature
* Heart rate / pulse

* Respiratory rate
° Pulse oximetry

* Co-oximetry / CO
* Hemoglobin

* Perfusion
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Next Steps

» Experimental Applications
* Delivering more than an Amazon package

= E = = 3
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Next Steps

» Dissemination
* Open-source hardware and software toolkit
* Research use (not for clinical or commercial use; EULA)
* Waveforms: EKG (<3 leads)
SpO2/pleth
invasive (CVP, Aline, ICP) S L L L i
* Numerics: vital signs (HR, RR, BP, Sp0O2, E 5
. /\karrru; f I = S S
* ~99.83% data acquisition (15 beds)
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Next Steps

» Dissemination
* Open-source hardware and software toolkit
* Distribution
* Python-> Windows, Mac, Linux/Raspbian
* GitHub repository -> AHRQ OCKT

Canakit o o St e 4 s

CanakKit Raspberry Pi 3 with 2.5A Micro USB Power AHAS (et et

: v 34 answered questions ssose
Omice of Communicamons (OC)

. S —— CnTAZT DN CAna TN

Price: $41.99 VPrime T TR eanthatais

In Stock :
Want it tomorrow, March 287 Order within 6 hrs 1 min and choose One.Day Shipping at s asieyasus
checkout. Details I —
Sold by CanaKit and Fulfilled by Amazon. Gift-wrap available

TSI
QAA"Q "?A e
T O

« Includes Raspberry Pi 3 (RPi3) Model B Quad-Core 1.2 GHz 1 GB RAM

« On-board WiFi and Bluetooth Connectivity

« CanaKit 2.5A USB Power Supply with Micro USB Cable and Noise Filter - Specially
designed for the Raspberry Pi 3 (UL Listed)

« Set of 2 Heat Sinks

« CanaKit Quick-Start Guide

Used & new (4) from $41 99 vPrime

we QOO0

~ splunk> (I
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Next Steps

» Dissemination
* De-identified datasets (24/7/365 * 15 bedside monitors
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Next Steps

» Dissemination
* De-identified, annotated datasets

* ATOMICS (Annotation of Telemetry signals for Medically Important and
Clinically Significant events) database

* 15 beds, 50% monitoring -> approx. 100 “red alarms” / day

FRANK HERBERT

PERSEUS data annotation code + Nostromo SpeedPad n52 key-mapping $902
EKG waveform : i

interpretability yes 1 rowl-1
no 0 rowl-2
no data <null> rowl-3 1 e

connection connect C row2-1
connect (new pt) CN row2-2
connect? (o4 row2-3
disconnect D row2-4
disconnect? D? row2-5

change clinical significance (improvement) A+ row3-1
clinical significance (deterioration) a- row3-2
no clinical significance a0 row3-3
indeterminate clinical significance a? row3-4

ion error err manual enrty Pleth [25, w2017.05.01 21:28:50.052000, None, Noae, Noas, None, None, None, None, None, None, None, None, whypoxis’, None]
902 waveform - oS » .....‘. = A i e

interpretability yes 1 row1-1 w !'l\ ’\‘ \/\)\/\/ ﬂ 7 f r r\
no 0 row1-2 J k\/\/f 1/ { /\/\J L‘J L\/{\/\/\ ’!\)(\J\‘(\j\, \J(\J\‘) |
no data <null> row1-3 | ! - ,"1)

connection connect c row2-1 - S . e
connect (new pt) CN row2-2 o
connect? c row2-3 EKG (25, W2917.05.01 2128:50.032000, None, None, None, None, None, Noss, Noss, Nose, None, None, None, ubypoxia’, None)
discon nect D row2-4
disconnect? D? row2-5 J

QoS analysis (meta) correct Q+ row1-5 M
incorrect Q- thumb button
indeterminate Q? cursor+ button

ion error err manual enrty h - )
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Next Steps

» Dissemination
* Open code for real-time / near-real-time data acquisition

* Open-source alternative to commercial systems for *research purposes
* Open code for real-time / near-real-time data processing

* QoS
* Open datasets for playback

* Critical event replication (e.g., M+M)
- Accurate, precise, high-resolution physiologic datastreams
* Device testing
* Open datasets for un-/structured machine learning
* ED-focused datasets a la PhysioNET (MIT-BIH ; MIMIC-I/11/111)
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Take Home Points/Lessons Learned

Bedside clinical informatics on live (ED) patient datastreams

Automated monitoring for signals detection
Automated analyses for algorithm development

Bedside implementation into clinical workflow is the challenge

Device and datastream access in open, safe, meaningful manner:
De-identified populational datasets for open sharing (web repositories)
Patient-specific datasets with clinical correlates for approved on-site research

Device and datastream intervention:
Real-time / near-real-time processing at the bedside
Integration into existing infrastructure and systems

Compute / outcomes in challenging context

EDs: Busy, stressful, restricted, noisy, malodorous environments
Providers + patients: Busy, stressed people
splunk> £
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Research Teams + Co-investigators

* Rhode Island Hospital Medical Simulation Center

-> Lifespan Medical Simulation Center

PATIENT sueaTion [l PATIENT SAFETY

* Sim core team
— F.Overly, L.Brown, J.Callahan, J.Taveira, G.Jay

LIFESPAN MEDICAL
SIMULATION CENTER

— D.Werner, M.Jones, J.Devine, S.Marcotte, M.Dannecker, A.Sousa
— Physician and Nurse Clinical + Simulation Educators

* Program- / Project-specific Teams
- TESTPILOT: M.Shapiro, R.Boss, J.Dunbar, R.Sciamacco
— SimCode: D.Lindquist, l.Jenouri, K.Dushay, D.Haze, J.Foggle, D.Tammaro
— CIRRUS: R.Al-Rasheed
- CREW: J.Schoen
— STORM: B.Choi, N.Asselin, C.Pettit

N splunk> m




Research Teams + Co-investigators

» ARGUS / PERSEUS Program

* Rhode Island Hospital / Lifespan
— Rhode Island Hospital Emergency Department
- S.Chen, M.Luke, I.Gueye, R.Parchuri + team (RIH Biomedical Engineering)
— Lifespan Information + Network Services

Brown University
— D.Merck (3DLab), A.Oyalowo + U.Agrawal (RIH NeuroLOGIC Lab)

Case Western Reserve University

Red Forest Consulting (J.Gosbee)

University of California San Francisco
— X.Hu + team (Department of Nursing)

* Splunk for Good, Splunk
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Research Teams + Co-investigators
» NAVIGATOR Program

* Brown University
— G.Capraro, L.Mercurio (Pedi EM)
— C.Etebari, K.Luchette

* Philips Healthcare Research, Philips
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Other Notable Carts
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