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iIncluding those due to aging, progress in
the discovery and development of
advanced assistive technologies is
essential. Further advances are needed in
Image analysis, in new kinds of robotics, Iin
non-intrusive monitoring and response

FEDERALLY FUNDED RESEARCH
AND DEVELOPMENT IN

technologies, and in all manner of
cognitive assistance.

o m> For the treatment of chronic conditions,
|




American Medical Informatics
Association, Keynote Address 2011

“We are only going to succeed
if we work closely together --
between those with biological
sophistication and those with

computational sophistication”

Dr. Francis S. Collins
Director, National Institutes of Health
Oct. 23, 2011
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EPISODIC, REACTIVE
FOCUS ON DISEASE

HOSPITAL-CENTRIC

TRAINING & EXPERIENCE
BASED

FRAGMENTED, LOCAL DATA

NAIVE,PASSIVE, PATIENTS

From traditional medicine to smart health

~ NSF + NIH Combined Perspective

PROACTIVE and PREVENTIVE
FOCUS ON WELLBEING
QUALITY OF LIFE

PATIENT-CENTRIC, HOME-BASED

MORE EVIDENCE - BASED
DECISION SUPPORT

INTEROPERABLE, EHR AVAILBLE
ANYWHERE, ANYTIME

EMPOWERED, ENAGAGED, INFORMED,
PARTICIPATING
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From traditional medicine to smart health
7 777" NSF + NIH Combined Perspective

PROACTIVE and PREVENTIVE
FOCUS ON WELLBEING
QUALITY OF LIFE
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This project supported by NSF Cyber-Physical Systems
Grant CNS-0932403, with additional support from the NIH
and a gift from Qualcomm.



N[[T)) From traditional medicine to smart health

PATIENT-CENTRIC, HOME-BASED

NSF + NIH Combined Perspective

MD Anderson study finds sensor-based
monitoring of cancer patients at home during
radiation treatment may identify problems in
their early stages

Study followed head and neck cancer  [FJL < 12| W Tweet | 19
patients looking for signs of -

dehydration, a common and

sometimes dangerous side-effect

MD Anderson News Release 01/15/14

MD Anderson researchers may have found a high-tech solution to detect a common
side effect of cancer treatment in its early stages, before it becomes a serious
problem.

A new feasibility study shows that equipping head and
neck cancer patients with home-based sensors 10
identify potential risks of dehydration during radiation
treatment is attainable and acceptable to patients as
well as their physicians.

These new findings were published in the Journal of
the National Cancer Institute Monographs’special
issue, “Cancer Prevention and Control in the Changing
Communication Landscape.”

“We used sensor-based technology to monitor and
evaluate potential signs for dehydration in the patients’
home environment,” said Susan Peterson, Ph.D.,
M.P.H., lead investigator on the study and behavioral
scientist at The University of Texas MD Anderson
Cancer Center.

Susan Peterson, Ph.D., M.P.H.




@ From traditional medicine to smart health
| ~ NSF + NIH Combined Perspective

ENCHANTED OBJECTS
DAVID ROSE

DESIGN, HUMAN DESIRE, AND
THE INTERNET OF THINGS

Smart pill bottles to
track adherence
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From traditional medicine to smart health
NSF + NIH Combined Perspective

Smart Home for Patients

Stethoscope with
XBee® ZB Module

Sphygmomanometer
with XBee® ZB Module

Cellular
~ Data Network

ConnectPort™ X4

Blood Glucose Meter Gateway

with XBee® ZB Module

http://www.digi.com/blog/design/technology-for-connected-
art-exhibits-a-model-for-innovative-business/
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B ~ NSF + NIH Combined Perspective

MORE EVIDENCE - BASED
DECISION SUPPORT

Data Based
Decisions at
Multiple Levels

Disease Metrics Relating to Retina

Prevalence Rates by Ethnicity
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Projections by Ethnicity Projections by Year
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Real Time Update to
Decision Support

MORE EVIDENCE - BASED
DECISION SUPPORT

e.g., Watson, Siri, Google Health
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Cloud-Based Mobile
Health Records
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Wellness Adherence Coordination
Interface to applications

| I I
PCHR Platform B o il oot [

Secure storage of lifelong persistent data across all sources

Interface for importing data (personally controlled)

Subscription agents
for standards-based
exchange

INTEROPERABLE, EHR AVAILBLE |  ocswpovses | "G5R | PHMR0 ) TRREIGE | Fovereams L femaren
system network
ANYWHERE, ANYTIME NE/M

Personal Health
Information Hub




@& m From traditional medicine to smart health

e\

‘e

<
P~

NSF + NIH Combined Perspective

EMPOWERED, ENAGAGED, INFORMED, ePatient Dave
PARTICIPATING




\,; m) From traditional medicine to smart health
NSF + NIH Combined Perspective

g f"i{

Health. (“

An entirely new way to use your
health and fitness information.

The new Health app gives you an easy-to-read dashboard of your health and
fitness data. And we've created a new tool for developers called HealthKit,
which allows all the incredible health and fitness apps to work together, and
work harder, for you. It just might be the beginning of a health revolution.

EMPOWERED, ENAGAGED, INFORMED,
PARTICIPATING




How far have
we come?



Changing the Face of Medicine
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A New Engineering Health Caro Partsership

HITECH Act 2009

TITLE XIII—HEALTH INFORMATION
TECHNOLOGY

SEC. 13001. SHORT TITLE; TABLE OF CONTENTS OF TITLE.

(a) SHORT TITLE.—This title (and title IV of division B) may
be cited as the “Health Information Technology for Economic and

Clinical Health Act” or the “HITECH Act”.
(b) TABLE OF CONTENTS OF TITLE.—The table of contents of
this title is as follows:

Sec. 13001. Short title; table of contents of title.

Key goals*:
— Improve quality, safety, & efficiency
— Engage patients & their families
— Improve care coordination
— Improve population and public health; reduce disparities
— Ensure privacy and security protections

*Adapted from National Priorities Partnership. National Priorities and Goals:
Aligning Our Efforts to Transform America’s Healthcare. Washington, DC: National
Quality Forum; 2008.




HITECH: Meaningful Use as
Building Blocks

Use information to
transform

Enhanced access and

continuity
Improve access to Data utilized to Data utilized to
. . improve delivery improve delivery
information and outcomes and outcomes
Patient self Patient eng?ged,
management LDy
resources
to gather
information
Basic EHR i Registries for
Connect to Public g P
fnctonaty, sease
structured data management
Privacy & security Privacy & s'ecurity Privacy & security Privacy & security
protections s protections protections
Structured data .
Connect to Public utilized for Quality Connect to Public Connect to Public
Health Improvement Health Health
PCMHs ACOs
Stage 1 MU Stage 2 MU

3-Part Aim Stage 3 MU



A 10 Year Goal for Health Systems

Use information to

transform
Enhanced access and Point Ofneed’ not just F 5
continuity point of care ol

Data utilized to
improve delivery
and outcomes

> Learning Healthcare - )
System

Learning Intelligence Network for Quality

» Personal Data for the

Public Gooié

Robert Wood Johnson Foundation

Patient engaged,
community
resources

Patient centered
care coordination

Team based care,
case management

Registries to manage
patient populations
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Leveraging Meaningful
Use to Reduce Health

Disparities
@

AN ACTION PLAN

Asgest 2013
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Technology: EHR Adoption

Hospitals receiving incentives for EHR adoption or meaningful use \,
Local Area Trends of EHR Adoption, 2011-2013 Dashboard HealthITgov ™ -

May 2011 Dec 2011  May 201. Dec 2012 May

20,000+ Health Care

Professionals

are ready to transform
health care with health IT.

84% of Surveyed

American Adults

agree that health care
providers have appropriate

b JN ’).



Medscape Medical News

AMA Calls for More User-Friendly EHRs

Ken Terry

September 18, 2014

Deficits in:
¢ Usability

¢ Interoperability




Must Improve Usability

Modern i

CAUTION

Healthcare

The leader in healthcare business news, research & data

Health IT prevalent among ECRI's top
10 safety concerns

By Sabriya Rice | April 6, 2015

Alarm fatigue, incomplete electronic health-record data and poor care-
coordination due to over-reliance on healthcare IT are among the top 10 patient-
safety concerns for healthcare organizations, according to a new report from the

ECRI Institute.




Must Improve Interoperability

—~&

The Office of the National Coordinator for

Health Information Technology

Connecting Health and Care

for the Nation

A Shared Nationwide
Interoperability Roadmap

DRAFT Version 1.0
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1. Health care is being transformed to deliver care and services in a person-centered manner and is

increasingly provided through community and home-based services that are less costly and
more convenient for individuals and caregivers; and

2. Most determinants of health status are social and are influenced by actions and encounters that
occur outside traditional institutional health care delivery settings, such as in employment,

retail, education and other settings.

The Office of the Nationa
Health Information

Connecting Health and Care ' : | e "

for the Nation
A Shared Nationwide
Interoperability Roadmap

' N AliveCor Launches New
App that Automatically
Tells Patients When Their
ECG Recording is Normal

March 10, 2015




RAMARKETPLACE

Connecting Health and Care

for the Nation
A Shared Nationwide
Interoperability Roadmap

DRAFT Version 1.0

April 8,2015

Trading insurance discounts for health data

’  I———  0-00 /158 Z O ¢ A

Fitbit wearables on display at CES last year in Las Vegas.

by Curt Nickisch
Wednesday, April 8, 2015 - 14:11

STORY



Interoperability: Standards Based

Prepared by

/—-" \
P -

Patient-Generated
Health Information

Sujansky & Associates, LLC

On behalf of Repository
Project HealthDesign Mo e
Data Upload Standard
JU'Y 18 2013 Interlface Query API

(1) (3)

- o

Automated Data Upload
(Standard or Proprietary
| Protocol)

The Office of the National Coordinator for
Health Information Technology

Data Response
= (DIRECT Message with
(2) Standard Payload)

Data Request
(DIRECT Message with

Standard Payload)

Connecting Health and Care

for the Nation
A Shared Nationwide
Interoperability Roadmap

DRAFT Version 1.0

Certified
EHR

Wireless Medical Devices
(e.g., Glucometer)




Interoperability: Ontology-based

An ontology-based personalization of health-care knowledge to support
clinical decisions for chronically ill patients

David Riafio?, Francis Real?, Joan Albert Lopez-Vallverdi ®*, Fabio CampanaP®, Sara Ercolani €,
Patrizia Mecocci €, Roberta Annicchiarico 9, Carlo Caltagirone ¢

* Research Group on Artificial Intelligence, Universitat Rovira i Virgili, Tarragona, Spain
b Centro di Assistenza Domiciliare, ASL RM B Roma, Italy

“University of Perugia, Perugia, Italy

4 IRCCS Fondazione S. Lucia, Roma, Italy

® University Roma Tor Vergata, Roma, Italy

Wrapper

Ontology (@)
Editor
|  Personalization of Patient Condition [+
The Office of the National er 8 5
Health Information Tej(“.f%n&ﬁuéy (o) 8
‘32 o Patient
~ = Personalization of Patient Intervention [+~ = |«+| HEQITH
o D Care
Connecting Health and Care o O
for the Nation o 8 Record
A Shared Nationwide - cr
Interoperability Roadmap O
e i Medical Decision Support Tool -—
v

User’s Interface

¢

Health Care Professional

Fig. 1. The wrapper system.



Interoperability: Need for Research

m GOAL 1: EXPAND ADOPTION OF HEALTH IT
= 0 1

GOAL 2: ADVANCE SECURE AND INTEROPERABLE HEALTH INFORMATION

S O . INDIVIDUAL COMMUNITY
Y iR

GOAL 3. (4 GOAL 4: ADVANCL THL
STRENGTHEN HEALTH AND WELL-BEING OF
e e HEALTH CARE INDIVIDUALS AND COMMUNITIES
for the Nation DELIVERY
A Shared Nationwide

Interoperability Roadmap

A GOAL 5: ADVANCE RESEARCH SCIENTIHC KNOWLEDGE AND INNOVATION




. Apple Computer: Citizen Science
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CAPTURING SOCIAL &
BEHAVIORAL DOMAINS &

MEASURES IN

|
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Nancy E. Adler, PhD William W. Stead, MD
Committee Co-Chair Committee Co-Chair

Committee on Recommended Social & Behavioral
Domains & Measures for Electronic Health Records

(EHRS)

INSTITUTE OF MEDICINE

OF THF NATIONAI ACADFMIFS
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“““10M Process for Domain Selection

STEPS METHOD

RESULTS

Integrated
published models

CONCEPTUAL
FRAMEWORK
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Connected
Health



President’s Cancer Panel: 2015

'S CANG, The Personal Health Data Revolution,
"4UVa.7. Connected Health, and Cancer
P March 26, 2015 » San Francisco, CA

o e Hyatt Regency San Francisco
e v *
B * #cHealth4Cancer

Barbara K. Rimer, DrPH
Univ. of North Carolina at Chapel Hill

Hill Harper, JD

Cancer Survivor, Actor, and Best-Selling Author

Owen N. Witte, MD

University of California Los Angeles




NIH-NSF Funded “Smart and Connected
Health” Project

13 In Biotechnology & Biomedicine. People & Technology, Public Service, Leadership & Policy

A , Bsmm_r ' & Print This Page
HealthIT. gov\

MyJourney Compass: National Pilot Project Uses
Information to Improve Cancer Treatment

An experimental health information exchange being tested in the north Georgia city of

D Traditional naVigatOT progra ms Rome is helping Koren Sinnock keep her travel plans. A breast cancer patient, Sinnock had
H . been reluctant to travel very far from her doctors until the new program promised to
Increase 5-yea rsu rV|VaI rates for provide access to her medical records from anywhere she might happen to be - including
breast cancer patients-- are the beach.

EXpenSive. “It gives me a sense of freedom that | can

actually leave town and know that | can
have medical information related to my
cancer with me,” she said. "I'm excited to

D COmPUter SCientiStS at GA TECh be part of creating something that other
are creating Computational people across the country might use.”
model of patient discontinuities
Wlth trlgge rs fOr ImprOVI ng and treatment records is just one aspect of  Koren Sinnock .i; sdhown using thhe Nex:sh7 tablet

5 ) computer provided to patients through the
navigation / health outcomes MyJourney Compass, a pilot project ey o A FCIAE Tha et

designed to help patients navigate the provides medical information, access to health
information records and a symptom tracker for

X g regular communication with physicians. (Click
become more involved their health care image for high-resolution version. Credit: Rob Felt)

Smart & ConneCted Health decisions. Operated through the Georgia
Department of Community Health, the

» Watch a video describing this project

Providing easy access to medical histories

complex cancer treatment process and




<. “Patients Lead the Way” in use of “Apps”
for Health (NPR report, 6, 2013)

"The average person looks at their
Patients Lead The Way As Medicine
Grapples With Apps smartphone 150 times a day, so all
o " of asudden they're able to diagnose
If their blood pressure’s adequately
controlled and what are the

circumstances when it's not.”
-Eric Topol

Diat with frends and 'Cse up 10 Jx Mo, Learn
more
You have no updates available at this
time




~ Connecting Health Data to Clinical Systems
<¢  Through Sensors, Wearables & Other

Devices

Robert Wood Johnson “ ¥ ”
Foundation: Personal Data for D QuantIfIEd SEIf movement SpurS

the Public Good (2014) new interest in prevention and

healthy behaviors relevant to
cancer control.

J“Meaningful Use” incentives to
health care providers focus on
requirement to demonstrate
“patient engagement” through

Personal Data fc")rfi,, ) .
the Public Good health information technology

New Opportunities to Enrich Understanding
of Individual and Population Mealth
MAROH 2004 [ ]

. Health Data Exploration project




~ Integrated data from connected health
‘»=w: devices will create a new platform for
practice and research

e VY & =, RS

PATIENT DATA PROVIDER DATA
- Patient reported » Electronic health record
information ( - Practice management system \
PROVIDER KNOWLEDGE
- Next-generation QOPI participation and
benchmarking reports
» Clinical guidance/decision support tools
+ Meet quality reporting requirements
- Patient treatment plan and
treatment summary

' - Patient identification for clinical research
» Information exchange with other providers

PATIENT KNOWLEDGE
* Individual education
and decision support

* Real-time symptom
management

* Treatment plans
and summaries

* Treatment calendars

- Social support

Central
Knowledge
Base

RESEARCHER DATA RESEARCHER KNOWLEDGE
* New evidence + Comparative effectiveness research
» Guidelines/guidance » Health outcomes studies

* Population health studies
\/ * Clinical trial development

* Evidence generation



With data-based, precision treatments and
monitoring as a result

Subjective

« Chief complaint
« Patient Reported Outcomes

Health Information Exchange

Objective \ © v
* Clinical measures

« Laboratory findings - Hospital Based <:> Hospital Based
« Sensor data 7 EHR Data EHR Data

» Diagnosis

« Categorical reporting

* Prognosis

Plan

» Treatment planning
« Self-care planning
* Post treatment

* Surveillance

Medical
Researcher

* Risk modeling » Situational awareness
Decision * Diagnostic support « Population health
Support * Treatment selection * Continuity of care
Needs » Guideline adherence « [dentify side effects

» Error detection/correction * Inform discovery



£L3%  Ultimately, the goal is to empower patients

THE
DIGITAL

DOCTOR

Hope, Hype, and
Harm at the
Dawn of Medicine’s i
Computer Age l 2 |

&y -

ROBERT WACHTER

“The real action — and
the money — will shift to
creating innovative tools
to allow patients to stay
healthy and manage
chronic illness.”

- Robert Wachter



Connecting patients and their care teams
through common language and data

Imagining the Future: A Patient’s Experience

1“You will receive a saliva reader that plugs into ACCELERATING
your smart phone, together with a few mobile PROGRESS
applications that allow you to record your AGAINST CANCER
symptoms” (p. 3, line 8).

J1“Every eight hours, your phone will buzz to remind ASCO’s Blueprint for
you to take your medicine and answer a short Transforming Clinical

series of questions about how you are feeling” (p. and Translational
3, line 10). Cancer Research
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