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\ Physical Layers (Ethernet, Wi-Fi, BT, etc.)

MDI - Why is it so hard?
Current Standards-based Programs
SES+MDI - Plug-and-Trust for Acute Care

Personalized Health Navigation — The future?

Q&A
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Medical Device Interoperability —
A Brief History
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IHE Medical Device Interoperability Journey

europe | 15-17 JUNE 2021

40+ Year Promise of At we there et
Medical Device Interoperability:

Aﬂb\NeEhﬁﬂenet? =

\ Ave we there naet? = ———

e NEXT REST AREA

As we ponder the NEXT 40 ...

Why do we think it will be
any different?!

16/06/2021

40 YEARS




IHE

europe | 15-17 JUNE 2021

Medical Device Interoperability Journey

Does It have to be this hard?
Life-critical MedTech is HARD!

Is It atechnology problem?
Not in the last 40 years!

Why such a challege?

#1 Misaligned Business Drivers
#2 Incomplete Standards Solutions

16/06/2021



Acute Care MDI — A Brief History
" MDI: A 40 Year Wander

IEEE "1073" started early 1980’s ...

1980’'s Technical solution ... Vendors choked life out of it

1990’s Technical & Business solution ... $$$$ & no user demand
2000’s Global Standards & IHE Collaboration ... no user demand
2010's U.S. "C4MI” Created to Focus user demand ... remains TBD
2020’s Is there hope? Yes!!! ... maybe ...

NEXT REST AREA
40 YEARS




Acute Care MDI — Today’s Reality!

MARCH2013

THE VALUE OF
MEDICAL DEVICE
INTEROPERABILITY:

Improving patient care
with more than $30 billion
in annual health care savings

() westhealth

institute

¥

westhealth | #interoperability -~ westhealth.org

|[EEE TechTalk @ Health Electronics



Updated Value of MDI Study
O

UNITY

CONSULTING & INNOVATION

7

HEALTH
MARKET

THE REAL VALUE OF MEDICAL
DEVICE INTEROPERABILITY IN
HOSPITALS

Medical Device Interoperability (MDI) is one of the most relevant technology trends
in the development of medical devices. As the result of a study conducted with more
than 230 participants from the main areas of patient care in hospitals, we summarize
which MDI use cases are valued most by both medical technology manufacturers and
especially the previously neglected perspective of healthcare professionals. We also
provide valuable recommendations for the future direction of MDI development.

USE CASES NPS  RANK HDO  MDM ICU OR
RANK  RANK RANK RANK
Isolation Roem 65% 1 2 1 1
Digital Charting A7 % 2 1 4 2 1
Ward Round Pol 44% 3 5 3 5
Quiet ICU-Ward 41% 4 3 5 3
Integrated Ul 41% 5 8 2 4 3
Surgical Display 31% 6 é 7 2
Spotcheck Monitoring 27% 7 4 10
Automated OR Setup 22% 8 10 8 - 4
Service - Predictive Maintenance 18% Q 17 6 [§) 5
r
Physiclogical Closed Loop Control 17% 10
Central Patient Watch 15% 11
Intra-Hospital Transport Moniter 12% 12
Service - Biomed Nofification 9% 13
Treatment Recommendation 6% 14
Augmented Surgical Display 3% 15
Personal Health Integration 0% 16
. @ Isclation Room =5, 1 Maintain your value products Create a product
Safety Inferlock %V @ Digil Charting T )
Dual Bedside Display & Conirol 1% 18 ©® word Round Pol
Benchmark Therapy -18% 19 O GuieticuWard
o ntegrated U e e
° Surgical Display e o
@ Spotcheck Monitoring
0 Automated OR Setup o 0
° Service - Predictive Maintenance g_\ 0_
@ Physiological Closed Loop Conirol =z 0 o @
0 Ceniral Patient Watch @ @
@ ntra-Hospital Transport Moniter @ m
® Service - Biomed Noafification [16]
Dr. Stefan Schlichting @ Treciment Recommendation ®
- +49 ]62 2465894 @ Auvgmented Surgical Display @
0 ! r 2 @ Personal Health Integration (19]
> stefan.schlichting@unity.de s ok o
@ Scfery Inierod 2 | Evaluate phase out Maintain your product
Y I @ Dual Bedside Display & Conirol -
3 m @ Benchmark Therapy High Satisfaction Low




Medical Device Interoperability —
Current Standards-based Programs
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Device Interoperability Standards Landscape @ Devbays # uirerhire

HL7 Devices on JECENARIES
Prosram IHE PCD IEEE PHD / IEEE SDC / IHE FHIR Mobile
8 Continua SDPi Health Data
(P1752)
Primary Use Healthcare Home / High Acuity Enterprise / Mobile /| Mobile
Context Enterprise Mobile (OR/ICU/ED) Home (wearables)
[ FHIR Now Integrated Horizontally ]
Open
Technical Base HL7 V2.6 1 IEEE 11073 WS* REST / HTTP mHealth /
JSON
Prototyped; First .
Maturity / Dozens of - 100's of e — PoCD & PHD IGs; Early stages of
. commer- cially e . : FHIR Connectathons;| development
Production : Certified PnP  into patient use; .
available Products tools & open Continua FHIR —TBD sync w/
Systems products P Guidelines & Source | FHIR
source \ /

m |IEEE 11073 Terminology & Model 2

1+2.7,2.8x 2Core 11073 terms mapped to LOINC



2019 IHE PCD Domain => DEV Domain

POINT OF CARE

HOSPITAL IT

Making

IHE

e Healthcare
= . Interoperable
= e.g. or
communication Gateway exchange ani;dlfit:;laaggo?lf healthcare
== i
) £
[ | ——
Billing Lab
SDC Point-of-Care Context IHE “Enterprise” Context S | ey [y e
Ottt HE ooy o HE
. et (&) oleeE 0~ 0 o (&)
3 Device Use Contexts ... = , N R
H nee i W3C Wi
One consolidated IHE iy
Technical Framework i [

Download @ www.pchalliance.org/continua-design-guidelines

|[EEE TechTalk @ Health Electronics
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1i-ISPC/Cogniﬁve Medical HIMSS‘16 Demo ...

Medical Systems

v' Use Case: Transient, but clinically From 2015 QWPCognitive
!

significant (suboptimal) drops in
systemic blood pressure that
correlate with each metoprolol
administration

)

Patient Unified

Patient Simulator Monitor Event Manager »-| Event Pub-Sub Communications Alert Inbox
)
IEEE SDC + Devices | /)
on FHIR '
Patient
v" Open standards-based API’s G:::,%T;e

(e.g., HL7 FHIR & CDS)

v' Systems developed
independent of use case

v" Who is risk managing @
implementation & use?!
(note 80001-1 revision)

See cognitivemedicalsystems.com/




What devices are we talking about?

V V.V V

Wearables + loT + Cloud + ...

Spans home to hospital contexts
Mostly simple ... but Billions of them!

Physio parameters +
environmental + patient
generated + ...

Personal & Professional Users

HL7 FHIR DevDays 2018

DEexXcom
+

Google
| |

& BRI




Medical Device Interoperability —
SES+MDI —
Plug-and-Trust for Acute Care

|[EEE TechTalk @ Health Electronics



Enterprise

seDicom 7l
Gat N . .
é E Ali]ren\'lmvg\(/elegation Services mH L7 FH | R

EMR LAB PACS

Point-of-Care

o, o
'M—»_—"»"» NVVV o ] ) ®
He [ =) g
_._ Patient Monitoring [E]
Central Station Ventilation Bedside information Infusion systems ‘ imaging systems
hub

O-

O

Standards for device-to-

device interoperability at S D C

Point-of-Care ?

SERVICE-ORIENTED DEVICE CONNECTIVITY

Gemini SES MDI — IHE Catalyst Study Project 15



SDC & Silent ICU Use Case Narrative ...

SILENT ICU BY ALARM SIGNAL DELEGATION

~80-95% clinically irrelevant >

1

alarming
device
per patient

upto 40 MIN. to alarm confirmation > T
\

0 D

/
/
/

— 40 different sounds in one ICU >— -—

Gemini SES MDI — IHE Catalyst Study Project



SDC & Silent ICU Use Case Narrative ...

SILENT ICU BY ALARM SIGNAL DELEGATION

- REQUIREMENTS

“Delegation” — Safely enabling one
system to annunciate alerts on the
behalf of another system

g
/ Ve
’
’
( F
E 1 =
|

1. The alarm producer has to make all information available that are necessary for the remote alarm notifiers,
like alert condition presence, alert manifestation, etc. Interoperability and semantical interpretability have to

be ensured.

2. The system has to be suitable for multiple alarm producers and several remote alarm notifying devices.

3. The alarm producer has to be able to determine whether other devices are ready to generate the alarm

notification.

4. The alarm producer has to be able to observe that the alert is generated correctly.

Some more information:, A Safe and Interoperable Distributed Alarm Notification System for PoC Medical Devices using IEEE 11073 SDC”, Kasparick et al.

Gemini SES MDI — IHE Catalyst Study Project



—@®
Ventilator V1

\Vendor: xyz Corp
Roles:

* Metric Provider

* Operation Provider
Certified by:

SDC — Security is a Core Capability

SDC Communication

EJTLS

Standard based encryption of communication: TLS 1.2+
Each endpoint has a certificate.

Authentication at both endpoints

No communication if no trust chain can be established

Vitals Dashboard D1
\Vendor: ABC Corp
Roles:

Metric Consumer
Operation Consumer
Certified by:

Certificates are used to secure communication
Authorization and Authentication

Certificates carry roles of participants

Each device can decide if remote control is OK based on certificate roles and certifying organization

SDC = Enables Trusted Interoperable Product Decoupling

Gemini SES MDI — IHE Catalyst Study Project

18



SDC Basics ...

PACS

The concept of a — e.g. HL7 or
oneep - IEEE 11073 SDC = Dioom
clinical workplace service-oriented bidirectional detlce to-device . - S~
medical device architecture Servico Gateway & nformation

Description

Service

transfers the concept of a Registry

service-oriented architecture
. 2. Find 1. Publish
to the domain of : Billing
Service

distributed system of medical devices - _Lomepin
for one clinical workplace. Consumer < g Provider SDC Point-of-Care Context HIT ”Enterprise" Context

Device-to-Device
Plug-and-Play for
Reporting, Alerting &
Controlling

WSN
Proxy Service

(PRACtical Interoperability)

Conceptual view of a SOMDA for a clinical workplace




What is SDC? Service-oriented Device Connectivity

A

1.
Application software and device logic Application software and device logic

IEEE STANDARDS ASSOCIATION m a

Health informatics—Point-of-care medical device communication Softwa re Iibra ry Software libra ry
Part 20701 Service-Oriented Medical
Device Exchange Architecture and Interoperable =t Interoperable =
Protacol Binding domain information = domain information =2
and service model S and service model ]
(IEEE 11073-10207) s (IEEE 11073-10207) &
~ ~
MDPWS 2 MDPWS =
(IEEE 11073-20702) w (IEEE 11073-20702) w
|EEE Engineering in Medicine and Biology Society w a"‘
DPWS - DPWS -
Sponsored by the
TCP/UDP TCP/UDP
IP P
- Standard network Standard network
N e ore 57 FEsemem———e Medical device e Medical device
.
R

A family of international standards for interoperable
exchange of real-time information between medical
devices and external systems in dynamic IP networks

NNV

SES MDI using SDC-SDPi+FHIR Briefing & Proposal 20



Gemini SES MDI — gRPC / Protobufs

There has been “hallway” discussion about considering an additional
messaging protocol / transport as an option to MDPWS ...

1. Use of gRPC with protobufs is now being seriously considered!

2. Informal prototyping in 2020 & 2021 was very encouraging

PretoSDC  Docs  Blog

3. PAT #5 2021-12 included a gRPC/protobuf test track ...

v Complete success within a few hours p P t O S D C

protoSDC is a modern mpi on of IEEE-11073 SDC vi

v' “Blazingly fast” results!!!

4. gRPC/protobuf option being added to the SDPi-P profile +

added to the 3-Year Roadmap i IEEE 11073 B

CEN ISO/IEEE 11073 H
Medical / health device

But even more seriously ... check out  m— )

Check out ... protoSDC.org

21



JWG7 SES “Temple” Diagram

Model developed over last 10 years

in response to better manage the
interrelations ...
v Across Stakeholders ...
v" Across Product Lifecycles ...
v" Across Subject Areas
v" Across Multiple Standards

Problem: SES+MDI “Trust Gap”
recognized but no practical real-
world solutions — too resource &
labor intensive

Source: ISO/IEC 81001-1:2021

Life cycle foundation

Health software and safe health IT systems

» Safety, Effectiveness and Security (SES) across the life cycle

Design and development Implementation Clinical use
phase phase phase
Accountable manufacturer Accountable Healthcare Delivery Organisation (HDO)
= 82304-1 2l 2 80001-1
: : 5 E
o= e .20
3 E : 5§ g5 B2 2
2 Z 3 P g 58 T & g
= a2 3 < 8 g8 6= g
g =N ER R E 5 E &8 s& E £
1111 R £ 3
) a 2 s g 2 5 888 S¢e = '
2 > (5] -g @ N -U_ o 80 5 =
e g = E £ - - @ 5
E & J S .° ,o 9 S =) o
s o = 8 =8 Ef g 2
2 e : g Le 55 e
] £ 8§ ¢ &5 ES g
£ % : 2N o5 e o
) & = k-
s I
= ine
. Terms, definitions, concepts and core themes
81001-1
Governance Knowledge transfer
Organizational culture, roles and competencies Risk management
Quality management Safety management
Information management Security management
Human factors/usability Privacy management

HEALTH
INFORMATICS

TC 215

22




ISO/IEEE 11073 SDC MDI “Cathedral” Model

The SDC Standards Family

/ Nomenclature
/44555 11073 SDC

P11073 P11073

Device Specializations

P11073-10721
HF Device

P11073-10720
ModSpecs

Device Specialijations

extended ...

3. Key Interoperability Purposes
a 1/4 o &
o
Cathedral S 2 g
0 = 7]
N 2 o
S o
Model = 5
w =z IEEE P11073-10700 -
- Base Participant Key Purposes <
=3
= 9 |EEE 11073-10207-2017 W
5«' 2 Domain Information and Service Mod~«i -?3
= ; o
o { e
Yo S
2 S 2
o O (0]
Sl 9:’ IEEE 11073-20702-2016 )
w5 Medical DPWS <
wog

QTN SLO IVIVI QUFITITIIN Fryject
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ni SES+MDI “Hanging Gardens” Framework

Gem

Real-world Needs

HEALTH

INFORMATICS

TC215|  poforence Architectires £ Eramewaike - - - - - - - ——————- . SOA, MDIRA/ICE, ..

Sensors / Actuators /

Device / Health Software Specializations Intelligence Bundles

SES MDI/

Key Interoperability Properties & Controls (PRACtical SES)

Interoperability

ini

Stakeholder Community
Implementation Agreements

]
1
1
1
]
1
1
1
: Safe, Effective & Secure
1
1
1
1
1
]
]
1

Healthcare
Interopergblegf™ = = = = T T T T T T T T T T T T T T TS E T

HE — SDPi+FHIR Profiles / 1Gs

Gem
- —

DEVICES

IEEE 11073-1072x -10799 ModSpecs

$IEEE

Advancing Technology
for Humanity

|

10207 — DIM and Service Model Devices
————————— on FHIR

Core Standards

IEEE 11073 SDC
P11073-10723
Endo Light
P11073-10722 P11073-10724
Endo Camera Insufflator
P11073-10721 P11073-10720 P11073-10725
HF Device ModSpecs Endo Pump

IEEE P11073-10700
Base Key Purposes

IEEE 11073-10207-2017
Domain Information and Service Model

20701 -

Architecture
and Protocol

Device Specialisations

HTTP/2,

20702 - MDPWS REST, loT, HL7 FHIR

ISO/IEC JWG7 Safety, Effectiveness & Security Standards

ISO/IEEE 11073-1010x Nomenclature & 11073-10201 DIM

Physical Layers (Ethernet, Wi-Fi, BT, etc.)

IEEE 11073-1010X
Nomenclature
Key Purposes

Y
SES+MDI Plug-n-Trust Interface

|IEEE 11073-20701-2018
Core Standards

°
o
<]
2
2
&
]
<
=
o
@
=
=
S
Z
<

IEEE 11073-20702-2016
Medical DPWS

(More @ https://confluence.hl7.org/x/4ijxB) 24



Gemini SES+MDI & Ecosystem Pathway ...

Problem? Ecosystem Pathway group will
o . ” Health software and safe health IT systems
leverage the SES+MDI “Hanging Gardens Safety, Effectiveness and Security (SES) across the life cycle
Framework ... to address the pesky “Trust Design and development Implementation Clinical use
phase phase phase
” -
Gap p r OdU ct €C05y stem Ch a/ / en g es I Accountable manufacturer Accountable Healthcare Delivery Organisation (HDO)
- 1 :
= s
E it = 5o 8
| UserNarratives / Use Cases / Requirements E 1 B E & 2 3w :
5 : |l B Es <& 11
3 | = Reference Architectures / Frameworks -~~~ I £ 2 g T o 2 % -‘3 'g E g £
© < =) | 7} <] B A & - s
2 s HE . —— : 1 1 1 1 E £ £3 i% g 2
asl3 Device / Health Software Specializations i @ 2 K o = 2 85 8= P Rz
a [ - HE% | =3 = = = 5 = T S8 Be £ =
=1t By ' : s = # E E =2 £2 a E
= § = Key Interoperability Purposes (PRACtical KIP) < : '5 Q E = o S ;§§ g 8 5 §
08— o 1 > = 173 — = =]
1 : EHIR Prof | : R - o i 1
AL 8 SDPi+FHIR Profiles / IGs : g - g £ £B ES &
c S <9 = ©
| s 2l =
E g IEEE 11073-1072x -10799 ModSpecs < a
&=z B
;E g Terms, definitions, concepts and core themes
3 I =
E E 10207 — DIM and Service Model -§ Governance Knowledge transfer
= = 20701 - E Organizational culture, roles and competencies Risk management
e Architecture 8
“8‘- S and Protocol 20702 - MDPWS REST, loT, 2 Quality management Safety management
- E Information management Security management
= = :
| Physical Layers (Ethernet, Wi-Fi, BT, etc.) | ——— Human factors/usability Privacy management




Medical Device Interoperability —
Personalized Health Navigation ...
The future?

|[EEE TechTalk @ Health Electronics



What should healthcare look like
in 10 years?




THT. What do people want ... In 10 years!

To create a digital health legacy for Southern California, we
asked people for their opinions:

s #1: Access & Affordability

’0

» It is about ME ... | am in control of all info & care

’0

 Focus: Health & Wellness

** Healthcare when & where | need it to return to
health & wellness ... optimally (time & therapy)

4

L)

»* Available to everyone ... EVERYONE

Solutions
Foundry

s Use latest best technology & knowledge @ Trusted

© Trusted Solutions Foundry, Inc. 2018



One September in San Diego ...
v Hives? Maybe
v/ Go to Ready Care? No!
v/ Call “UberDoc”! I
v MD + Assistant ...
v'in my home ...
PATIENT v'< 90 minutes ...

v S99 flat fee

Eric Topol

They spent 45 e
minutes with me! T
The FUTURE of MEDICINE (in the U.S., that’s unheard of ...) ® ¢
IS in YOUR HANDS

WITH A NEW EPILOGUE

Register See a preferred doctor
—
29
Trusted
Solutions
Foundry

© Trusted Solutions Foundry, Inc. 2018



“One of the nation's greatest entrepreneurs.” —CNBC

FOREWORD BY WALTER ISAACSON, AUTHOR OF STEVE JOBS

The First Wave of the
Internet was all about
building the infrastructure
and foundation for an online
world.

The Second Wave was about building on top of
the Internet. Search engines like Google made
it easier to explore the sheer volume of
information available on the web. Amazon and
eBay turned their corner of the Internet into a
one-stop shop. It was during the Second Wave
that social networking came of age...

The Third Wave is characterized by:
v'Ubiquitous communication (loT)
v'Unlimited computing power (cloud)
v’ Data-/Knowledge-Driven (Big Data)
v Al & ML + VR & MR

. Trusted
v Personalized Solutions
Foundry



= o) Scripps Research

ce & Medici

.ATIONAL RE

CONTACT

PILOT STUDY AWARD NEWS

TRANSLATIONAL SCIENCE AWARD

PEOPLE NETWORKS

HOME > SCIENCE & MEDICINE > TRANSLATIONAL INSTITUTE > ABOUT > EVENTS > FUTURE OF INDIVIDUALIZED MEDICINE

SEARCH

GIVE NOW SUBSCRIBE

Future of Individualized Medicine

March 14-15, 2019 | La Jolla, California

* Online registration has closed. Walk-in registration will be available

onsite. *

After 11 annual conferences exploring genomic medicine, we're

broadening our scope.

In 2019, the newly renamed Future of Individualized Medicine
(formerly Future of Genomic Medicine) conference will expand to
include additional perspectives on how to tailor medicine to the
individual. Individualized medicine takes into account a person’'s
genes—and genomics will remain a core topic for exploration and
discussion—but it also considers the full spectrum of a person’s

uniqueness from their biologic, physiologic, anatomic, lifestyle and

environmental information. The Future of Individualized Medicine _

INTELLIGENCE

HOW ARTIFICIAL

CAN MAKE

HEALTHCARE

HUMAN AGAIN

author of Cutting for Stone

TOPOL

With a foreword by

ABRAHAM VERGHESE,

conference will thus incorporate perspectives from the emerging
fields of digital medicine, artificial intelligence and machine learning, Ir Deep (/ Deep
behavioral science and others. This is truly a multidisciplinary forum Phenotyping i Learning

Input
layer

N/
%

N

/

;x\Oz/jﬁ\/

Hidc-ien Hidden
layer 1 layer2

Output |

layer

Deep
Empathy and Connection

https://www.scripps.edu/science-and-medicine/translational-
institute/about/events/foim/ © Trusted Solutions Foundry, Inc. 2018

Trusted
Solutions
Foundry



€he New York Times

Opinion

The AL Diet

Forget government-issued food pyramids. Let an algorithm tell you
how to eat.

By Eric Topol
Dr. Topol is a cardiologist.

March 2, 2018 f v = D 429

Some months ago, I participated in a two-week experiment that
involved using a smartphone app to track every morsel of food I ate,
every beverage I drank and every medication I took, as well as how
much [ slept and exercised. I wore a sensor that monitored my blood-

For now, it’s striking that it took big data and A.I. to reboot our
perceptions about something as fundamental as what we eat. We're
still a ways away from “You Paleo, me Keto,” but at least we’re finally

making progress, learning that there is no such thing as a universal
diet.

https://www.nytimes.com/2019/03/02/opinion/sunday/diet-artificial-intelligence-diabetes.html

Trusted
Solutions
Foundry

© Trusted Solutions Foundry, Inc. 2018



.2 *AsthmaBrain

NEURAL INTELLIGENCE
SOLUTION for PRECISION
HEALTHCARE

Preventing ED & Hospital Visits Due to Asthma and COPD,
Using Deep Learning Technology and Real-Time Data

© Trusted Solutions Foundry, Inc. 2018

Triggers

Today

Next Seven Days

© O

Trusted
Solutions
Foundry
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0303 . NEURAL INTELLIGENCE SYSTEMS
o2 AsthmaBrain
- REAL-TIMEDATA + PERSONALIZED ANALYTICS + TIMELY ALERTS

Activity

PREDICTION & PREVENTION
- Predicted incident risk by
patient, time & location >>
- Identification of best prevention
options by individual & groups

- Alerts, reminders & comparisons

Community

Treatment

Trusted
Solutions
Foun
© Trusted Solutions Foundry, Inc. 2018 ou dry



DevDays ) HL7°FHIR®

A ..y MMW‘W‘W iy @

Personalized Digital
Health “Navigation”
vs. Precision
Medicine

Nitish Nag and Ramesh Jain, University of California, Irvine

Health and well-being are shaped by how lifestyle and the
environment interact with biological machines. A navigational
paradigm can help users reach a specific health goal by using
constantly captured measurements to estimate how their health
is continuously changing and provide actionable guidance.

COMPUTER PUBLISHED BY THE IEEE COMPUTER SOCIETY APRIL 2019



Consider: Personal Health “Navigator”

s What if an app could guide you to better health, similar
to how GPS navigation directs you to your desired
destination? Think: Apple / Alibaba /... "maps”

<

* What if the app could use real-time information to
redirect you around a disease, just as you’re rerouted to
avoid traffic? Think: Waze

L)

4

« What if the app could provide step-by-step directions to
get you to your optimal health state, whether you’re a
young professional athlete or an old retired school
teacher? Think: Google walking “directions”

Trusted
(Source: Dr. Ramesh Jain / UCI Institute for Future Health; https://arxiv.org/abs/1805.05402) @ Solutions
Foundry

© Trusted Solutions Foundry, Inc. 2018



Leverage Al / ML / Cybersystems...in daily life!

Cybernetics:Feedback@evolutionizesBystemiesignl?

Disturbance
Control
Reference . Actual
input Erlrnr Si ?nal output
(Desired) (Controlled
variable)

Controlled
Plant

Sensor /
Transducer

Feedback I

Modern control theory and Al came from Cybernetics.

(Source: Dr. Ramesh Jain / Trusted
UCI Institute for Future Solutions
Health) © Trusted Solutions Foundry, Inc. 2018 Foundry



Consider modern car (and foot!) navigation

MagicfHappened:ECanFouiriveMvithoutEmhavigationl

system?[]

Maps
Points of Interest

Navigationz
systemeg

Current State : GPS
Current Traffic:
Waze

Destination

Cybernetic
loop =

Trusted

(Source: Dr. Ramesh Jain /
UCI Institute for Future Q Solutions
Health) © Trusted Solutions Foundry, Inc. 2018 Foundry



What everyone wants:

PerpetualfHealth@muidance

Estimate
(Health State)

I] ' Guidance
Measure
Collect all data

= e

Influence and
Compliance

2 | 2 Inspiration:
HES Navigation Systems..

How do we close
the loop?.
(Source: Dr. Ramesh Jain / Trust.ed
UCI Institute for Future Solutions
Health) © Trusted Solutions Foundry, Inc. 2018 Foundry



Navigational Health (Dr. Ramesh Jain / UCI)

Lifestyle and environment are more important for human
health than medicine

{7, World Health
YW Organization

20% - genetics == g

10% - medical healthcare

50% - lifestyle
20% - environment

707

s lifestyle

Health is not just about medical care. Changing your lifestyle will make larger impact on your
health. So tracking lifestyle data makes sense.

(Source: Dr. Ramesh Jain / UCI Institute for Future Health; TruSt_ed
https://www.slideshare.net/jain49/jain-socal-himss-keynote-1805018) Solutions

Foundr
© Trusted Solutions Foundry, Inc. 2018 y




The Problem: What is Right? vs. What is Easy?

(Source: Dr. Ramesh Jain /
UCI Institute for Future
Health)

at Makes
Us Healthy

ACCESS TO CARE 10%

:

GENETICS 20%

ENVIRONMENT 20%
HEALTHY BEHAVIORS

887%

MEDICAL
SERVICES

HEALTHY BEHAVIORS 4%

Tezol Jezol Jezol 4

What We Spend
On Being Healthy

)

Trusted
Solutions
Foundry



Navigational Health: A New Perspective

» Personal Models
q — > Cybe rnetics

@ Enter ...

% X Med.calHealth. v Social Care Informatics
% v’ Social Determinates of
/’ Health
-

v' Traditional Medicines
v' “Lifestyle” Informatics

CYBERNETICS

Trusted
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Personal Health "Navigator”. Diabetes

W EVENTSHOP

‘OMICS’
70111 ENVIRONMENT
| KNOWLEDGE

Sensitivity to
different foods.
Sensitivity to
medication.
Activity
Food Glucose
Medication Level in last
Glucose Level

3 hours

D INFLUENCE AND
MICRO-REP  Activity Checks. ADHERENCE

006 Glucose Level A @

Checks.

(Source: Dr. Ramesh Jain / UCI Institute for Future Health)

© Trusted Solutions Foundry, Inc. 2018

MEDICAL

DEMOGRAPHICS

ENVIRONMENT

Activity
Food
Medication

system
supervisory

Trusted
Solutions
Foundry



Dr. Ed Hammond -

Father of American Health Informatics @ Duke

In 10 years,
healthcare will be

by robots, drones &
avatars

Sophia -
Ed’s #1
Choice!
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Home Automation @ Ageing in Home
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Technology & Services
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Questions & Answers

|[EEE TechTalk @ Health Electronics
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Medical Device Interoperability —
A Brief History & Current Initiatives
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