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This is a connected series of presentations which discusses the

following topics. It is divided into segments simply for the sake

of convenience. It may be better if reviewed as a continuum.
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Platforms are indivisible but better understood if discussed as

Platform as a Principle = Information

Platform as a Practice = Connectivity

Platforms

Information Connectivity




Platform as a Principle

Information

The Information Age is not over. It started with the Big Bang which created the Solar System and it

may persist ad infinitum as long as the Solar System continues its physical existence. It is the mother
of all platforms and the most fundamental fabric of connectivity. Our understanding of the difference
between hydrogen and oxygen is based on information. The difference between bauxite and the
material of the Coke can is information. Information is the differentiator between Apple Newton
which died prematurely vs the almost identical Palm Pilot that once climbed the luminous summit.
Information changes when the car you are driving is suddenly crushed in a collision with a truck.

Think about the approximately 500 inhabitants of Mureybet, Syria in 8000BC and compare their

information content to the approximately 1500 modern day inhabitants of Dingle village in County
Kerry (Ireland) which boasts of at least 50 pubs in this miniscule hamlet near the Atlantic.
Information has grown. Described by Claude Shannon in 1948 as informational entropy, it has been
shown that the interpretation of entropy (formula) provided by Ludwig Boltzmann (the Boltzmann

equation) becomes the Shannon equation, thus mathematically linking entropy and information.


http://www.mdpi.com/1099-4300/17/7/4863

Platform as a Practice

Connectivity

Is it a new theme? Isn’t it fundamentally pervasive in every entity — physical, metaphysical and
cyberphysical? Doesn’t it transcend the sub-nano realm and the super-macro domain? Doesn’t it
define the astronomical universe, all biological systems and everything conceptual in between?

The mobility of ancient civilizations to explore new worlds were physical connections between
atoms. The bargain hunter’s app to compare prices between various retailers is the new sense of
value which connects bits with atoms. All things and processes are about connectivity. Invention and
innovation was, is and will be about connecting the dots, real and/or virtual, perceived and/or
imagined. Human thought, technological progress and the future of synaptic neuromorphic quantum
dots are manifestations of connectivity, convergence and confluence of concepts. The sense of
connectivity is germane to life. Its ubiquity makes us oblivious to its quintessential nature. To evoke
the central theme of connectivity, therefore, is not an insight but rather recognizing the fabric of the

future which is hiding in plain sight. This series highlights some of these old ideas.
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A solution — medical internet of things

http://bit.ly/IOT-MIT
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30,200 active
mmpax*licz-;

4.6 million people
employed

$1.9 trillion in
annual revenues

A new report estimates that, as of 2014, MIT alumni have launched 30,200 active companies,
employing roughly 4.6 million people, and generating roughly $1.9 trillion in annual revenues.



http://web.mit.edu/innovate/entrepreneurship2015.pdf
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2001 @ MIT Forum for Supply Chain Innovation
2003 @ MIT Data Center ® Semantics
2009 e MIT Energy Initiative



Integrating Ubiquitous Analytics in Real-Time with Data, Information, Application

— ———

The Web

Dumb browsers

t!

Web apps
and
services

2003

From

an office

in Shenzen,

China, you log

on a SDR reader in

a warehouse in USA,

to check if your products

arrived on-time. They did.
You also get to know that

your distributor in Santiago,
Chile and retailer in Espoo,

Internet O

Internet 1
Internet 2
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Smart
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Right-Time
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Extended
Internet

Semantic Grid

Finland also checked the delivery
status, moments before you logged on.

Intel Motes, Crossbow

— D2B / RFID / UWB

Object Oriented Hardware
Service Supply Chain

— Real Time Data

Streaming Data, Continuous Queries

Physical World Objects

Web Portal

BUSINESS SERVICES

SDR Data Interrogators as Ubiquitous Internet Appliances in loT (2003)
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ADAPTIVE VALUE NETWORKS

Convergence of Emerging Tools, Technologies and Standards as

e EVOLUTION OF SUPPLY
Shoumen Datta', Bob Betts’, Mark Dinning’, Feryal Erhun®, Tom Gibbs’, CHAIN MANAGEMENT

Pinar Keskinocak®, Hui Li', Mike Li', Micah Samuels’ e :
Massachusetts Institute of Tecﬁmﬂfog].’}, Timogen Inc’, Dell C‘arpamﬁﬂn}, Stanford svmhl03|s of Ada the value

University’, Intel Corporation’, Georgia Institute of Technology’, Amazon.com’ N EtWOFkS an d lc"r

Abstract: If a typhoon in the South China Sea impacts the shipment and delivery of
memory chips to an assembly plant in Mexico City, you can count on the
ripple effect to impact financial service providers, manufacturers and
suppliers, shippers in charge of logistics and of course, the end-consumer. Can
we plan to reduce the risk arising from such uncertainties? Can businesses
(semiconductor plants, banks, logistics providers) cooperate to minimize
uncertainties? Conventional wisdom states that uncertainties are equivalent to
accidents and hence by nature remain unpredictable. However, application of
tools and technologies based on emerging standards may partially disprove
such wisdom. Focus on demand management may be the guiding light for
supply chain practitioners. Can we collapse information asymmetries (between
manufacturers and their lending institutions, for example) and add far more
value to networks or demand webs? Real-time operational adaptability is key,
especially in fast ‘clockspeed’ industries. Confluence of emerging tools,
technologies and standards are required to converge to catalyze the evolution
of such adaptable enterprise. Can real-time distributed data, in-network
processing, Agent-based autonomy, taken together, tame the Bullwhip Effect?
Can tlhe [mﬁc} web Cﬂltal}fZE the “Nash Equilillariurr:“ of .PE.GP},E {ga{nles} Yoon S. Ch ang
and mfcmnatmnlp [mem'yl} in our quest for real time predictive” decision Harris C. Makatsoris
support systems? We will explore a few of these issues and how they may -
coalesce to enable the adaptive value network of the future. 2004 Howard D. Richards

Edited by
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Jeff Immelt, GE Minds & Machines Tim Cook, Apple Special Event,
conference, San Francisco, Nov. 2012 San Francisco, Sept 2014



One decade ago, mv research
group at the University of Tokvo
created a flexible electronic mesh and

wrapped it around the mechanical
bones of a robotic hand. We had
dreamed of making an electronic
skin, embedded with temperature
and pressure sensors, that could be
worn by a robot. If a robotic health
aide shook hands with a human
patient, we thought, this sensor-clad
e-skin would be able to measure
some of the person’s vital signs at the
same time.

Todayv we're still working intensively
on e-skin, but our focus is now on
applving it directly to the human
bodyv. Such a bionic skin could be :
used to monitor medical conditions Fhoto: Someya-Sekitani Group

skin material is one-tenth the thickness of
plastic kitchen wrap, and it can conform to

mlmmmm any body shape.

lifelike prosthetics.



Entirely Different Outcome

Medical loT

Internet of Systems for Healthcare
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prevents cancer



FitBit’s Claim in Cancer Prevention
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http://www.journal-of-hepatology.eu/article/S0168-8278(15)00600-5/pdf

Electronic Nose Sniffs Out Ovarian Cancer in Exhaled

Breath

& eomors

We know that exhaled breath contains
biomarkers that point to presence of existing
disease, including cancer, but their detection is
challenging without bulky and expensive
equipment. Building specialized devices that
detect volatile organic compounds linked to
disease requires large sensor arrays, a
limitation that has made them currently
impractical. Now researchers at Technion
-|srael Institute of Technology and Carmel
Medical Center in Haifa, Israel have developed
tiny flexible sensors that are each able to
replicate the work of many. In a study testing
the breath of 43 volunteers that included 17
ovarian cancer patients, their sensors achieved
an 82% accuracy of detection.

The sensors are flexible and are made of gold nanoparticles that have molecules onto which volatile organic
compounds (VOCs) attach to. When captured, the different VOCs bend the sensors at different angles depending on
their nature and provide more information than simply whether they're there or not.

NANOMEDICIMNE, OMCOLOGY
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Malaria Diagnosis Using a Mobile Phone
Polarized Microscope

Casey W. Pirnstill B8 2, Gerard L. Coté

Scientific Reports 5, Article number: 13368 Received: 19 March 2015

(2015) Accepted: 14 July 2015
doi:10.1038/srep13368 Published online: 25 August 2015

Poverty magnifies the need for health care while shrinking the capacity to finance it.
Low-income countries face 56 percent of the global disease burden but account for
only 2 percent of global health spending (World Bank 2005; Mathers, Lopez, and
Murray, forthcoming). With spending levels of some $30 per capita on average, over
half of it out of pocket, low-income countries face severe challenges in providing their

http://siteresources.worldbank.org/INTHSD/Resources/topics/Health-Financing/HFRChap7.pdf
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The Leapirog Opportunity In The £
World's Underserved Health Care* S
M arkets President Uhuru Kenyatta of Kéﬁya

+ Comment Now

In Sub-Saharan Africa, traditional banking infrastructure has never quite
gained a foothold. That’s because instead of brick and mortar vaults, the
region has seen sweeping use of mobile banking. Microfinancing and
transfers, all from your cell phone, offered simplified, safer banking solutions
for a fraction of the cost.

This is an example of “leapfrog” innovation and the same paradigm is
beginning to emerge in health care in Africa, Asia and Latin America, creating
a global opportunity for health innovators.

This past week President Obama was in Africa at the Global Entrepreneurship

Summit calling on entrepreneurs and industry leaders to ignite growth on that

continent and beyond. The question is will the leaders in today’s largest health

care markets seize the moment? Or will upstarts leap over them by bringing

radically less expensive and more accessible healthcare options to the rest of

the world? http://onforb.es/11Q1pSQ
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|Tt:mtal global expenditure for health? US$ 6.5 trillion

Total global expenditure for health per US$ 948
person per year

Country with highest total spending per United States (US$ 8362)
person per year on health

Country with lowest total spending per Eritrea (US$ 12)

U S consumes person per year on health

Country with highest government spending Luxembourg (US$ 6906)
40% (a p p rOX) per person per year on health

Country with lowest government spending  Myanmar (US$ 2)

Of t h e WO rI d ’S per person per year on health

- : Country with highest annual out-of-pocket  Switzerland (US$ 2412)
tOta | fl n a n C I a | household spending on health

re SO u rce S fo r Country with lowest annual out-of-pocket Kiribati (US$ 0.2)

household spending on health

h e a |t h Ca re . Average amount spent per person per year US$ 4380

on health in countries belonging to the
TRy Organisation for Economic Co-operation
Th e re m a I n I n g and Development (OECD)
O EC D N at| ons Percentage of the world's population living ~ 18% <@===| 20

in OECD countries

CO n S u m e 40% . Percentage of the world's total financial 84% « 30

resources devoted to health currently spent www.who.int/mediacentre/factsheets/fs319/en/
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US Abhors Low Cost Healthcare Alternatives

How the healthcare system discourages creating
low-cost solutions

http://jama.jamanetwork.com/article.aspx?articleid=2429454

The U5 leads the world in creating new drugs and healthcare tech, but the
system discourages inventors from creating cost-lowering technologies in favor of

ones with a healthy return on investment, according to an article at the Journal of
the American Medical Association.

"In the United States, the surest way to generate a healthy return on investment is
to increase health care spending, not reduce it," says the authors, from the
Uniformed Services University of the Health Sciences and Yale School of
Medicine.

They use as an example a low-cost, once-a-day pill to treat cardiovascular
disease, with the estimated potential to reduce the incidence of myocardial
infarction and stroke by more than 80 percent.


http://jama.jamanetwork.com/article.aspx?articleid=2429454
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Understanding the principle of transaction cost economics

Transaction Cost

example of yet another dimension from Yale Law School



‘Personal Health Care Spending in the United States by Age Group, Aggregated Condition Category, and Type of Health Care, 2013

Age Type of Health Care Aggregated Condition Category
_ Communicable diseases
$164.9 billion

y
$233.5 billion = -
: ~____ $115.4billion

¥ 52311 billion

20-44 R\ To? Chronic respiratory diseases
y .

: a3 $132.1 billion

$442.3 billion . -
’ oo ] - . $4.2 billion
' S s —— $99.4 billion

disorders
$101.3 billion
Mental and substance use disorders
$187.8 billion
DUBE
$224.5 billion

Musculoskeletal disorders
$183.5 billion

Other noncommunicable diseases
$191.7 billion

Injuries
$168.0 billion
: well care

- $£155.5 billion

Treatment of risk factors
$140.8 billion

265y
$796.5 billion

$101 0 hiitro

322],,,.,,05‘.,..,, http://jamanetwork.com/journals/jama/fullarticle/2594716

https://image-store.slidesharecdn.com/8250a975-308d-40a7-a573-e4c1ab8d791b-original.png

DUBE indicates diabetes, urogenital, biood, and endocrine diseases. Reported category, or type of care. Communicable diseases induded nutrition and
in 2015 US dollars. Each of the 3 columns sums to the $2.1 trillion of 2013 maternal disorders. Table 3 lists the aggregated condition category in which
spending disaggregated in this study. The length of each bar reflects the @ach condition was classified.

relative share of the $2.1 trillion attributed to that age group. condition Joseph L. Dieleman, PhD'; Ranju Baral, PhD%: Maxwell Birger.



http://jamanetwork.com/journals/jama/fullarticle/2594716
https://image-store.slidesharecdn.com/8250a975-308d-40a7-a573-e4c1ab8d791b-original.png

TOTAL US HEALTHCARE SPENDING 1970-2015

8000

7000

6000

5000

4000

3000

= gl

qQTU 1975 1980 1985 1990 1995 2000 2005 2010 2015

$ billion nominal

www.usgovernmentspending.com/spending chart 1970 2015USb 16s2lil11mcn 00tFOt



http://www.usgovernmentspending.com/spending_chart_1970_2015USb_16s2li111mcn_00tF0t

US healthcare spending
explained by one word?




| Growth of Physicians and Administrators

1970-2009

B Physicians
B Administrators | =—————

1970 1975 1980 1985 1990 1995 2000 2006 2009
Soutce: Bureau of Labor Statistics; NCHS; and Himmelstein/Woolhandler analysis of CPS
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The Staggering Cost Of An Epic Electronic
Health Record Might Not Be Worth It

Judy Faulkner once walked into a roomful of hospital
CIOs, tossed her macrameé handbag on a table, and
announced she came to decide who she wanted as
customers. Faulkner doesn’t do marketing. The
formidable founder of electronic health records Epic
Systems boasts an enviable roster of customers made up
of prestigious hospitals and academic centers. She has
quietly convinced them that her product is best: a
single, seamless database—the fruit of a company that
has grown organically, and shunned acquisitions. And,
because it is no small task to deploy, she is there all the
way to hand-hold jitterv CIOs, and help them get
millions of dollars in government subsidies by showing
meaningful use of her EHR.

$700

million

Her not-for-profit clientele will need every penny of
those taxpavers’ dollars, but they won't cover anywhere
near the staggering cost of an Epic EHR. Duke
University Health System will shell out $700 million, so
will Boston-based Partners HealthCare; University of
California, San Francisco will pay $150 million.




Healthcare

Let us look elsewhere



Maternal Mortality Is Rising in the U.S. As It Declines Elsewhere

Per 100,000 live births. Source: “Global, regional, and national levels of maternal mortality, 1990-2015: a systematic analysis for the Global
Burden of Disease Study 2015,” The Lancet. Note: Only data for 1990, 2000 and 2015 was made available in the journal.




Leading causes of death in the USA

597,689 Heart Disease

574,743 Cancer

138,080 Chronic lower respiratory diseases
129,476 Stroke

120,859 Accidents

83,494 Alzheimer’s disease

69,071 Diabetes

56,979 Influenza &Pneumonia

47,112 Kidney diseases

10 41,149 Suicide

O o0 NOUAEWDNRE

www.cdc.gov/nchs/fastats/deaths.htm
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® 2010 @ OIG HHS bad hospital care deaths about 180,000 patients in Medicare alone in a year

Patient Safety 2013 Dr Julian Goldman
Exploring Quality of Care in the U.S.

How Many Die From Medical Mistakes in

U.S. Hospitals? 1999

A New, Evidence-based Estimate of Patient Harms 981000
Associated with Hospital Care deaths due to error

Jokn T James, PRI

210,000 — 440,000 deaths



400,000 deaths due to medical mistakes — shared with the US Senate

Deaths by medical mistakes hit records

Tejal Gandhi, MD, president of the National
Patient Safety Foundation and associate
professor of medicine, Harvard Medical School,
spoke at the hearing.

The way IT is designed remains part of the problem
WASHINGTON | July 18, 2014

It's a chilling reality - one often overlooked in annual mortality statistics:
Preventable medical errors persist as the No. 3 killer in the U.S. - third
only to heart disease and cancer - claiming the lives of some 400,000
people each year. At a Senate hearing Thursday, patient safety officials
put their best ideas forward on how to solve the crisis, with IT often at
the center of discussions.

Hearing members, who spoke before the Subcommittee on Primary
Health and Aging, not only underscored the devastating loss of human
life - more than 1,000 people each day - but also called attention to the

fact that these medical errors cost the nation a colossal 51 trillion each year.

"The tragedy that we're talking about here (is) deaths taking place that should not be taking place,” said subcommittee
Chair Sen. Bernie Sanders, I-Vt., in his opening remarks.



Third Leading cause of death in the USA ?

Percent of GDP, 1960-2008

83,494 Alzheimer’s disease
69,071 Diabetes

56,979 Influenza &Pneumonia
10. 47,112 Kidney diseases

11. 41,149 Suicide

1. 597,689 Heart Disease

2. 574,743 Cancer

3. Deaths Due to Medical Errors (180,000 - 210,000 - 440,000)

4. 138,080 Chronic lower respiratory diseases

5. 129,476 Stroke

6. 120,859 Accidents Total Health Care Expenditures
/.

8.

9.

Equivalent to at least one 747 airplane crash every day



Nurses blame interoperability woes for
medical errors

$30B could be saved each year from better device coordination

March 16, 2015

Each year, a staggering 400,000 people are estimated to have died due to medical errors. What's more, each day there's
also 10,000 serious complications resulting from medical mistakes. Part of the blame, nurses are saying, can be attributed

to the lack of interoperability among medical devices.

Change Expectations > Change Technology > Change Healthcare

The Medical Device "Plug-and-Piay" (MD Pnf) Interoperabilty Program is

promoting innovation in patient safely and cinical care by leading the adopfion of e
patient-centric integration of medical devices and IT systems in clinical -
gnvironments. J

Getting Connected for Patient Safety
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Most Medical Devices Today

stand alone, unintegrated, not patient-centric

e Philips Intellivue Series Monitors
e GE Solar 8000x / Dash 4/5000
e Drager Apollo / EvitaXL / V500
e Nonin Bluetooth OnyxIl 9650 / WristOx 3150

e Oridion Capnostream?20

* |vy 450C

* Nellcor N-595

e Masimo Radical-7



Screen capture from mtra operat|ve EI\/IR durmg surgery




Device Manufacturers Builds Things, not Systems
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ONE APPROACH

Devices that can talk to each other and synthesize
data to present an integrated physiological status that
is patient centric and updates patient medical records



Autonomous Control of Morphine Infusion Pump — Medical Device Integration Model

Patient Simulator
Ventilator

Capnometer i

Infusion Pump

Vital Signs Monitor

Simulator
connected

Fluke ProSim 8
connected
to intelligent

to vital signs
monitor monitor

Julian Goldman MD (MDPnP.org and Partners.org)
Massachusetts General Hospital, Harvard Medical School
Harvard — MIT Center for Integrative Medicine and Information Technology

Intelligent Monitor

Connected Data
Collective Analysis
Automated Response

l O, Saturation
l Respiratory Rate

t end-tidal CO,

~“Patient Controlled Analgesia Safety Application-

Morphine Infusion Safety

Pump Stopped
- low Resp Rate 10.0 bpm
- high etCO; 42.0 mmHg

| at 14:34:00
- | nurse alerted
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http://pulse.embs.org/november-2014/solving-interoperability-challenge/
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http://pulse.embs.org/november-2014/solving-interoperability-challenge/

Autonomous Control of Morphine Infusion Pump — Medical Device Data Integration
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Digital Transformation in Healthcare Data 1997-2013
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Improve Quality of Care and Reduce Transaction Cost?



Digital Health — Prevention, People and Patient-centric
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devices
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- Targeted towards patients - Targeted towards both consumers and patients

Critical need in healthcare to reduce transaction cost



Digital Transformation > Patient-centric Healthcare

Healthcare Category Key drivers of . Potential savings
| . » Accelerating discovery in research i —MMW—|
nnovation * Improviding trial operations 0 20 40 60 80 100 120

- Dollars in billions

(I . $90 to $110
* Alignment around proven pathways _—|
Care E « Coordinated care across providers o 20 40 80 80 100 120
Dollars in billions
$50 to $70
) . + Shifting volume to right care setting __|
Provider m * Reducing emergency room/readmit g 100 120
Dollars Irl bllllnns
] ] . $50 to $100
* Payment innovation and alignment _ |
Value * Provider-performance transparency o 20 40 60 80 100 120
Dollars in billions
$70 to $100
Lif | D * Targeted disease prevention T N
Ifestyle v » Data-enabled adherence programs 0 20 40 60 80 100 120
GAO-16-659SP Dollars in billions

Potential for savings from reducing transaction costs?



KEY REQUIREMENT

Devices that can serve the masses and an open yet
secure platform for interoperability and data fusion
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Healthcare Middleware — Integrated Clinical Environment
How can we (?) use Open Standard |oT Software as a model ?
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PROOF OF CONCEPT

Response to White House Call for Ebola Management

https://vimeo.com/111314176



https://vimeo.com/111314176

Ebola spurs rethinking of devices at MGH
Integrated B Carehm Y.dchason

Healthcare

Platforms?
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WCVB TV e http://bit.ly/MDPN P—I\/IGH-EBOLA-ROBO\TTCS

Health officials demonstrated treating an Ebola patient remotely in a mock ICU. Pictared, left to right: Eric Lynn, Julian M.
Goldman, Erian Russell, and Dave Arney.


http://bit.ly/MDPNP-MGH-EBOLA-ROBOTICS

Robotics Community Responds to Safety of Ebola Workers
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Bill and Gerry Brinton of Charles Creek Winery &
pose with Sonoma Valley Hospital (SVH, CA)
CEO Kelly Mather to display the “Lisa” aka the
Germ-Zapping Robot manufactured by Xenex
(pulsed xenon UV disinfection technology to
rapidly reduce germ loads). The Brintons

donated the robot to the hospital (SVH).

www.nytimes.com/2014/10/23/science/scientists-consider-repurposing-robots-for-ebola.html?ref=technology



http://www.nytimes.com/2014/10/23/science/scientists-consider-repurposing-robots-for-ebola.html?ref=technology
http://www.nytimes.com/interactive/2014/07/31/world/africa/ebola-virus-outbreak-qa.html
http://www.nytimes.com/interactive/2014/07/31/world/africa/ebola-virus-outbreak-qa.html
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http://www.gereports.com/post/104422691785/hospital-hack-a-thon-attacks-ebola-with-robots
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Will FDA drown medical device
interoperability efforts through
conventional regulatory acts?

V] Yes ? [X] No ?



Dr. Shuren received his B.S. and M.D. degrees from Northwestern University N

under its Honors Program in Medical Education. He completed his medical internship at Beth Israel Hospital in ‘_-f.‘ DEPARTMENT OF HEALTH & HUMAN SERVICES
Boston, his neurology residency at Tufts New England Medical Center, and a fellowship in behavioral neurclogy i
and neuropsychology at the University of Florida. He received his J.D. from the University of Michigan. \
- Food and [vug Adminisiration

[ Mew Hampihine Avense
Room 5447, Rulding 66
Silver Spring. M 20905-00d2

November 3, 2014

Participation of the US FDA Jon M. el ME)

Direcior, Medical Device Interoperability Program
65 Landsdowne Sireci

CDRH was a powerful Cumbrde M 013
incentive for medical device Dear Dr fdman,

Thank you for reaching out 1o the Center for Devices and Radiological Health (CDRH) via our

manLIfaCtU rers to E}{p|ﬂre F mergency Preparedness Operations and Medical Countermeasures {1 MOM) Program

- = H We undertand that The Medical Device "Plug-and-Play™ (MD PalP) Intenc bility Prograom, under
innovative medical o sncafimion b bes skad b 8o ‘Wi Hovs Olfos of Ssence cad Teshaskogy Propae
Z o mobilize resources among medical device manufacturers and the clinical commumity, so s 1o

tec h no | ﬂgy SO I unﬂ ns design and demonstrate proof of concept for an interoperable platiorm that would enable critical care
’ of Ehola-infected patients in an isolation environment with reduced exposure (o health care workers,

es pECi d 1 Iv t h ose bE n Eﬁtl ng FDMA recognines the importance of implementing strategies that minimize direct exposure of elinical

- s personnel 10 patients infected with Ebols vins. We understand that MDPNP, along with itd
frﬂm |ntE'rﬂ pE rab"]ty collaborators, are developing potential approsches that would include comprehensive data sccesy

and potential remote control of medical devices in the isolation environment, thereby reducing the
between manufacturers

risk of bealthcare worker exposurne 1o the vifus

CDRH recognizes the importance of these efforts and is ready and willing 1o collaborale with you,
the climical community and your industry partners o demonstrate the potential of this technology in
serving this particular public health emergency. We are cager to observe the demonstration taking
place Friday November Tth for OSTP, and we look forward to participating in the development of
mext steps with MDPNP and your modical device partners so as to do owr part in enabling
advancement of technology that ean protect our healtheare workers who put themselves on the front
line o promote the publc health mission.

Sim:n.-{:;
.'r:rfmsmnmmn 1D.

Lum:r Fnan"med
Radiological Health




US Federal HIT Goals from the ONC, US HHS

Goal 1: Expand Adoption of Health IT

x g lndlvidual % W

Provider Community

Goal 4: Advance the Health and
Well-Being of Individuals and
Communities

Goal 3: Strengthen Health Care
Delivery

Goal 5: Advance Research, Scientific Knowledge, and
Innovation



http://www.healthit.gov/sites/default/files/federal-healthIT-strategic-plan-2014.pdf

Device, data, diaghostics

The Quest for Convergence of Platform and Interoperable Standards
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Pac-Man-like CRISPR enzymes have potential for

disease diagnostics
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B Y & |Researchers have described 10 new CRISPR enzymes that, once activated, behave
; o £ |like Pac-Man to chew up RNA in a way that could be used as sensitive detectors of
o C E infectious viruses. The new CRISPR enzymes are variants of a CRISPR protein,
4+] .2 w | Casl3a, which could be used to detect specific sequences of RMA, such as from a
i
% E E virus. The researchers showed that once CRISPR-Cas13a binds to its target RMNA, it
-5 (e} g begins to indiscriminately cut up all RNA, easily cutting RNA linked to a reporter
o E E molecule, making it fluoresce to allow signal detection. Such a system could be used
(an ] o — &' |to detect any type of RNA, including RNA distinctive of cancer cells.



US Healthcare: A Losing Battle? Bad Habits Die Hard

Life expectancy vs. health expenditure over time (1970-2014) Ducion Changing eating habits in the US

Health spending measures the consumption of health care goods and services, including personal health

care {curative cire, rehabilitative care, long-term care, ancillary services and medical goods) eolleetive services Percent change in calorie consumption by food category, 1970-2010
(prevention and public health services as well as health administration), but excluding spending on investments. 702
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IS HEALTHCARE A HUMAN RIGHT? IS IT FOR THE BILLIONS ?

This device costs one cent to make and could help
deliver critical diagnostic care to remote,
impoverished areas of the globe. (Image courtesy of
Stanford.)

Stanford | MepIEINE

Multifunctional, inexpensive, and reusable nanoparticle-
printed biochip for cell manipulation and diagnosis

b d b d
Rahim Esfandyarpnura’ . Matthew J. DiDonatoc, Yuxin Yang , Naside Gozde Durmus” . James S. Harris |
Gozde Durmus

~ab1
and Ronald W. Davis " ° http://www.pnas.org/content/114/8/E1306.abstract



http://www.pnas.org/content/114/8/E1306.abstract
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World Sugar Trade (2010/2011) »

www.nytimes.com/2016/09/13/well/eat/how-the-sugar-industry-shifted-blame-to-fat.htm|? r=0 Sye¥

Support a Fair Deal
- — for Cane Refiners

www.npr.org/sections/thetwo-way/2016/09/13/493739074/50-years-ago-sugar-industry-quietly-paid-scientists-to-point-blame-at-fat

— 3

"~~~ The sugar industry paid scientists in the 1960s to play down the link

between sugar and heart disease and promote saturated fat as the culprit

instead, newly released historical documents show.
http://jamanetwork.com/journals/jamainternalmedicine/article-abstract/2548255

The documents show that a trade group called the Sugar Research

the NEW YORK TIMES bestselling

e ' Foundation, known today as the Sugar Association, paid three Harvard

scientists the equivalent of about $50,000 in today’s dollars to publish a

1967 review of research on sugar, fat and heart disease. The studies used in

How Sugar Is Killing Us and
What We Can Do to Stop It

the review were handpicked by the sugar group, and the article, which was
published in the prestigious New England Journal of Medicine, minimized

| | the link between sugar and heart health and cast aspersions on the role of
Jonn Yuakin saturated fat. www.ncbi.nlm.nih.gov/pubmed/5339699



http://www.ncbi.nlm.nih.gov/pubmed/5339699
http://jamanetwork.com/journals/jamainternalmedicine/article-abstract/2548255
http://www.nytimes.com/2016/09/13/well/eat/how-the-sugar-industry-shifted-blame-to-fat.html?_r=0
http://www.npr.org/sections/thetwo-way/2016/09/13/493739074/50-years-ago-sugar-industry-quietly-paid-scientists-to-point-blame-at-fat
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Google, DexCom to Make Glucose Monitoring Devices
for Diabetes Patients

by Robin Sinha, 12 August 2015

«— Soft contact lens
encapsulates electronics

«—— Sensor
detects glucose in tears

¢———— Chip & antenna
receives power and sends info

Soon after the announcement of its new CEQ Sundar Pichai and a holding company called Alphabet,
the Google Life Sciences team has teamed up with a healthcare firm DexCom to build blocd glucose
monitoring devices for diabetes patients that are smaller and less expensive than current technologies.

umcn.nl
Google Takes Aim at Diabetes with Big Data, Internet of Things
By Jennifer Bresnick on August 31, 2015 &
LY
SANOFI
L Freshly revitalized after Google's much-discussed reorganization under the Alphabet umbrella, the
M HARVARD tech giant’s life science team is once again planning to tackle diabetes with the help of big data
&/ MEDICAL SCHOOL : . . ) _
analytics and innovative Internet of Things technologies.
ABOUTENS EOUCATION With the formation of a new partnership that enlists the aid of the|Joslin Diabetes Center jand Sanofi, a

multinational pharmaceutical developer, Google hopes to reduce the burden of Type 1 and Type 2

Joslin Diabetes Center diabetes on both patients and providers.
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Gin Jose, University of Leeds @ http://bit.ly/BLOOD-FREE-BLOOD-GLUCOSE



http://bit.ly/BLOOD-FREE-BLOOD-GLUCOSE

BLOOD-FREE NON-INVASIVE BLOOD HEMOGLOBIN ??

Laser excitation of oxy-hemoglobin generates highly specific

resonance (Raman spectra) which could be exploited in the
development of non-invasive tool to determine hemoglobin.

This statement is made by the author. It is merely a suggestion.

Wrig Nanosystems, a medical technology startup
company which develops and markets a
hemoglobin measurement device, has attracted
financial interest from different investors in the
product. The company has made an investment of
up to 15 cr to commercialise and further develop
the product and Avendus Wealth Management
acted as the advisor to Wrig on this deal.

The list of investors includes Flipkart co-founders
Sachin and Binny Bansal, Malvinder and Shivinder
Singh (former Ranbaxy and Fortis promoters),
Gurpreet Singh (Round Glass Partners) and others.




» View the retina with high quality imaging

« See cataracts clearly for classification

otics for the Masses

The Peek Retina adapter is being developed through a collaboration between the University of Strathclyde, where Dr Mario
| of Hygiene & Tropical Medicine; and the Glasgow Centre for

» Simulates a patient’s eyesight on screen
* Visual acuity tests for eyesight

¢ Colour and contrast tests

Your vision

Standard vision

www.peekvision.org


http://www.peekvision.org/
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OPTICIAN’S

CLINIC-IN-A-POCKET

Awoman from Nakuru, Kenya, having a cataract scan with the Peek smartphone tool. This
partable eye testing kit can diagnose eye problems in remote areas, where access to clinics is

limited. ©Peek
What we hope is that it will o dot
provide eye care for those What the phoneapp can a0 or.eyes
who are the poorest of the Peek can diagnose a vast range of eye problems, blindness and vision impairments,

poor

Dr Andrew Bastawrous, London
School of Hygiene and Tropical
Medicine

s Glaucoma
n Cataracts

= Macular degeneration

= Diabetic retinopathy

www.bbc.com/news/health-22553730

= Other retinal and optic nerve diseases.


http://www.bbc.com/news/health-22553730

Dr Leslie Saxon, University of Southern California

PHONE ECG DETEC TS
RREGULAR HEARTBEA




CARDIAC ARRHYTHMIA Normal Sinus Rhythm

CARDIOLOGIST-In-a-POCKET

Circular pathways in the heart conduction

system is a common cause of arrhythmias

www.seas.upenn.edu/sunfest/docs/slides/MALAMASPETER.pdf
Sinus Node

-

. .
Atnoventrlcular

"‘Ill. |.l-- s -”:_ 1
Bundle of His=g3" Ventricle &

Right Bundle Branch

Left Bundle Branch


http://www.seas.upenn.edu/sunfest/docs/slides/MALAMASPETER.pdf

MIT News

ON CAMPUS AND ARQUND THE WORLD

MIT Media Lab spinout Cardiio has
developed a mobile app that uses a
smartphone camera to detect facial signs
of a heart arrhythmia associated with
strokes,

Courtesy of Cardiio

App screens for arrhythmia using smartphone



Samsung's NeurolLogica

dlgltaIX -ray system DISRUPTION

By Emily Wasserman

Samsung's NeuroLogica unit snagged an
FDA OK for its digital radiography system, '
giving the company a boost as it aims for
a top spot in the medical device imaging .
market. }
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.
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o —_—
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| am

The devicemaker's GC85A ceiling digital ' |
X-ray system adds to its expanding suite
of products, which includes its mobile Samsung's GC85A system--Courtesy of
digital GM60A, the U-arm digital GUG0OA  Samsung
and the ceiling digital GC80. The device includes wireless, lightweight detectors,
a portable grid, and smart features that allow operators to position the entire
= system with one touch and work with compatible Samsung equipment, the
~ company said in a statement.

"The Samsung GC85A represents NeurolLogica's latest commitment to

" introducing user- and patient-centric innovation to healthcare to provide fast,
easy and accurate diagnoses," David Webster, NeuroLogica's chief marketing
officer and VP of global sales, said in a statement. "The system's superior image
quality and ease of control will enable users to experience a new level of
efficiency with a DR system designed for streamlined operation.”




Detection of Parkinson’s Disease using a Smart Phone

Clinical voice signal
processing

www.maxlittle.net

Acoustic signal processing data may be used to detect Parkinson’s Disease with

a smartphone or predict torrential rainfall or used in hydrogeomorphology apps.



http://www.maxlittle.net/

2.5 million falls 2013
734,000 hospitalized

25,500 died from fall
S34 billion direct cost

e Unintentional Fall Death Rates, Adults 65+
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46.00

2004 - 2013, United States
42.00 Unintentional Fall Death Rates per 100,000
All Races, Both Sexes, Ages 65+
Source: www.cdc.govfinjury/wisqars
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81
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Professor Dina Katabi (MIT) presenting RF Reflection to
President Obama (White House Demo, 4 August 2015)

President Obama invites MIT entrepreneurs to give
demo at the Whlte HOUS@ //bit.ly/President-Obama-with-Dina-Katabi

://newsoffice.mit.edu/2015/president-obama-meets-mit-entrepreneurs-white-house-demo-day-0806


http://newsoffice.mit.edu/2015/president-obama-meets-mit-entrepreneurs-white-house-demo-day-0806
http://bit.ly/President-Obama-with-Dina-Katabi

Fall Detection — Wire less, Sensor less, Without Wearables
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RF Reflection Data - Professor Dina Katabi, Wireless Center, CSAIL, MIT @ IIC Member



Many more innovations are on the way ... Py ;"" | i v j{“;‘“w T

81 Beats per Minute

22 Breaths per Minute
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HEART, MONITORING. RESPIRATORY

PHONE TRACKS HEALTH WITH
OUT WEARABLE SENSORS

(0 NOVEMBER 14,2015 & LISAWEIMER

Fioura |

FOsS@mo

Javier Hernandez Rivera of Rosalind Picard's Affective Computing

Group at MIT is developing a health monitoring phone that does not
require a wearable. BioPhone derives biological signals from a
phone's accelerometer, which the team says captures small body
movements that result from one's heart beating and chest rising and
falling.

Hernandez said that BioPhone is meant to gather data during still
moments, simplifying the capture of small vibrations without having
to account for many body movements. He believes that this can
detect stress, which could trigger the phone to provide breathing
exercises, or notify a loved one tocall.

12 subjects sat, stood, and lied down, before and after pedaling a
hike, with 2 smartphone in their pocket. To compare results, they
wore sensors to capture heart and breathing rates. Heart rates
reported by smartphone data alone were off by 1 beat per minuts,
and breathing rates were off by 1/4 of a breath per minute.



Remote Thought-Controlled Telepresence Robots
directed by humans with motor neuron paralysis

Source — EPFL e http://bit.ly/Thought-Controlled-Robots



http://bit.ly/Thought-Controlled-Robots

This is not a new problem. It has been recognized for a couple decades.

Healthcare tools may need an open
platform to curate and catalyze data
interoperability between devices to

better treat the patient, in real-time.



www.cimit.org/services-engineering-resources.htmi WWW. mdpnp org/uploads/PSQH Article. pdf

PBcimiT

MIT is one of the four institutions that came together in 1998 to found CIMIT. In
addition to the CIMIT-funded projects MIT researchers have pursued, CIMIT and
MIT have been working together through guest faculty support of its Health
Science and Technology Program to provide meaningful training in medical
device development for graduate students.

The Medical Device “Plug-and-Play” (MD PnP) Interoperabili-
ty Program was established in 2004 to lead the adoption of open
standards and technology for medical device interoperability to
support clinical innovation. The term “PnP” was adopted
because the required technology infrastructure has many ele-
ments in common with the plug-and-play approach used in
other computer-based systems. The program is affiliated with

Massachusetts General Hospital (MGH), CIMIT (Center for
Integration of Medicine and Innovative Technology), and Part-
ners HealthCare Information Systems, with additional support
from TATRC (U.S. Army Telemedicine & Advanced Technology
Research Center). Having evolved from the OR of the Future
program at MGH, the MD PnP program remains chmca]ly
grounded.



http://www.mdpnp.org/uploads/PSQH_Article.pdf

Early Remit of CIMIT — Sense, then, Respond — Future Integrated Healthcare Monitoring

Action Plan
= Procedure

Patient
Home / Hospital

The distinction between healthcare and other industry is in differentiation of scalability. Patient
centricity as a service is not scalable but patient centric infrastructure (architecture) is scalable.



MD PnP

Getting Connected for Patient Safety

HOME ABOUT PROGRAM ‘ PROJECTS ‘ NEWS ‘ EVENTS ‘ PUBLICATIONS & TALKS ‘ OUR LAB ‘

Sitemap

Medical Device "Plug-and-Play" Interoperability Program
working on "safe interoperability™" to mprnve patient safety

DVE[Q(R1[@ITs]

The CIMIT MD PnP Lab opened in May 2006 to provide a ven-
dor-neutral “sandbox” to evaluate the ability of candidate interop-
erability solutions to solve clinical problems, to model clinical use
cases (in a simulation environment), to develop and test related
network safety and security systems, and to support interoper-
ability and standards conformance testing.

At the CIMIT Innovation Congress in November 2007, Dr. Julian Goldman demonstrated how patient safety could be improved by
synchronization of the x-ray exposure with the ventilator during surgery.



OpenlCE Test Bed

Now available to [IC Members

Integrated Clinical Environment
Any java-capable camputer WWW.MDPNP.ORG
running OpenICE Device Adapter www.openice.info

Ethernet Network .

R
A
Medlcal Device

e e ragnia

http //blt Iv/OPEN ICE-ON-GOOGLE-GLASS

, Any java-capable computer
OpenlCE Device Simulator running OpenICE Supervisor
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OpenICE Device Simulator

running on any computer on

Conte t res [lcted to |{he&/ neriaric
www.openice. mfo/demm Mo rnal Publication
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Shoumen Datta, Gary Gottlieb and Julian Goldman


http://www.mdpnp.org/
http://www.openice.info/
http://www.openice.info/demo.html
http://bit.ly/OPEN-ICE-ON-GOOGLE-GLASS

PSM Artifacts
] 1

Platform ( \
Data Model
(PDM) Code and
' Configuration

_______ (IDL, XML, Ada,
| Platform C++, C, Java)
| Views
\ \_ Yy,

Key: ‘ Data Refinement ‘ Message Projection @Message Selection E>Code / Artifact Generation

 Data and message models aligned with OMG Model Driven Architecture ™

e Addition of the Component (UoP) model allows component integration with
messages and data elements in the Platform Model

e Supports definition and potentially auto-generation of code and other artifacts

Figure from FACE Technical Standard, edition 2.1 ® www.opengroup.org/face/tech-standard-2.1



http://www.opengroup.org/face/tech-standard-2.1

IEEE Standards Help Enable Medical Devices

Standard: IEEE 11073-10424
Standard: IEEE 11073-10419 1 specifies the use of specific term codes. formats, and behaviors in teleheaith

of communication functionality for personal health sleep apnea equipment.

c term codes, farmats. and behaviors In telchesith
s standard defines a common core

it specifies the use of spec

D e e cnsllylasne o, clinl iy

= — i
s of communication funcionality for perssnal health insulin pumps.
- The ease of int nd i of i products.
- Data can be casily sent to linician e :
- The ease of inter nd i o rrisaliEich duct: - Ability to monitor patient biometrics and track trends, which may

result in more efficient care and a quicker recovery.

= Ability to monitor patient biometrics and track trends, which may
result in more efficient care and a quicker recovery.

Standard: IEEE 11073-10423

1t specifias the use of specific term codes, formats, and behaviors in telshealth
his standard defines a common core
S eammmicaton Tancionaiity ot pershnal health slap monors.

e e cicine e \
- o con beeoy sencm chnllin (S o Dl <

\f\

Ability ta monitor patient biometrics and track trends, which may
result in more efficient care and a quicker recovery.

AN ,1;11}'

Standard: IEEE 11073-10441

~ 4 o
(/" = Standard: IEEE 11073-10417

It specifies the use of spe:lfl( term codes, formats, and behaviors in telehealth
This standard defines a common core
af communication functionality far personal health ghicose: meters

- Data can be easily sent to cli
- The ease of i a

of i products.

- Ability to menitor patient biometrics and track trends, which may
more efficient care and a quicker recovery.

It specifies the use of specific term codes, formats, and behaviors in telehealth
romotin; This standard defines a common core
of communication functionality for parsonal health and fitness.

Data can be easily sent to clinician
- The ease of interoperability and integration of multi-vendor products.

- Ability to monitor patient biometrics and track trends, whi
result in more efficient care and a quicker recovery.

h may

Standard: IEEE 11073-10415

1t specifies the use olspe(- term codes, formats, and behaviors in telehealth
environments prometing interoperability. This standard defines a common core
of carmmunication functionslity for personal health weighing seales

- Data can be =asily sent ta clinician !
- The ease of and i ion of i

- Ability to menitor patient biometrics and track trends, which may
result in more efficient care and a quicker recovery.

<
IEEE STANDARDS = http://standards.ieee.org/innovate/ http://bit.ly/IEEE-eHealth




Platform for Trusted Data Access via Secure Standards and Interoperability

Personal Health Electronic Health Record Health Information Natl & Intl
Record Exchange 3|th Analytics

Public
Health

Clinical Research

: Quality Measures

Standards and Interoperability
’ Certification

’m Policy
Privacy and Security
Measurement, Monitoring, Evaluation

Patient Practice Population Public

Clinical Decision / Clinical Guidelin




Healthcare Data Interoperability & Standards

... semantics, data dictionaries, billing codes

Terminology

— SNOMED, LOINC
Classification Systems

— ICD10, CPT
Devices

— |IEEE 11073
EHR-Related

— DICOM, HL7 (CDA)
Interoperability

— DICOM, HL7 Messaging, HIPAA Transactions, NCPDP
Language Formats

— XML, X12

Increase in computational time may

be compensated by a relaxed priority
gueue which allows throughput scaling
for large number of threads. Hence,
parallelizing common algorithms to
work on multicore chips: The SprayList
www.mit.edu/~jerryzli/SprayList-CR.pdf



http://www.mit.edu/%7Ejerryzli/SprayList-CR.pdf

DIAGNQOSIS CODES for SPRAINED & STRAINED ANKLES

ICD-9

B45.00 Sprain and strain of ankle unspecied site

B45.01 Sprain and strain of ankle, Deltoid ligament/ Internal
collateral ligament

B45.02 Sprain and strain of ankle, Calcaneobular (ligament)
B45.03 Sprain and strain of ankle, Tibiobular (ligament) distal

ICD-10

$93.401A Sprain of unspecied ligament of right ankle — initial
encounter

593.401D sprain of unspecied ligament of right ankle -
subsequent encounter

§93.4015 Sprain of unspecied ligament of right ankle -
sequela

593.402A sprain of unspecied ligament of left ankle - initial
encounter

§93.402D Sprain of unspecied ligament of left ankle -
subsequent encounter

593.4025 Sprain of unspecied ligament of left ankle - sequela
593.409A Sprain of unspecied ligament of unspecied ankle —
initial encounter

§93.409D Sprain of unspecied ligament of unspecied ankle -
subsequent encounter

593.4095 Sprain of unspecied ligament of unspecied ankle

- sequela

593.412D sprain of calcaneobular ligament of left ankle —
subsequent encounter

$93.4125 Sprain of calcaneobular ligament of left ankle —
sequela

593.419A sprain of calcaneobular ligament of unspecied
ankle — initial encounter

593.419D Sprain of calcaneobular ligament of unspecied
ankle — subseguent encounter

593.4195 Sprain of calcaneobular ligament of unspecied ankle
593.431A Sprain of tibiobular ligament of right ankle — initial
encounter

593.431D Sprain of tibiobular ligament of right ankle -
subseguent encounter

593.431S Sprain of tibiobular igament of right ankle - sequela
593.432A Sprain of tibiobular ligament of left ankle - initial
Eencounter

593.432D Sprain of tibiobular ligament of left ankle —
subseguent encounter

593.4325 Sprain of tibicbular ligament of left ankle — sequela
593.439A sprain of tibiobular ligament of unspecied ankle -
initial encounter

593.439D Sprain of tibiobular ligament of unspecied ankle —
subseguent encounter

593 435S Sprain of tibiobular ligament of unspecied ankle -
sequela

593.491A Sprain of other ligament of right ankle (Internal
collateral/ talobular) initial encounter

593.491D Sprain of other ligament of right ankle {Internal
collateral! talobular] subsequent encounter

593.4915 Sprain of other ligament of right ankle (Internal
collateral! talobular) sequela

593.492A Sprain of other ligament of left ankle, initial
encounter

593.492D Sprain of other ligament of left ankle subsegquent
Eencounter

593.4925 Sprain of other ligament of left ankle sequela
593.499A Sprain of other ligament of unspecied ankle initial
Eencounter

593.499D Sprain of other ligament of unspecied ankle subs
encounter

593.4995 Sprain of other ligament of unspecied ankle (Internal
collateral/talobular) sequela

$96.211A Strain of intrinsic muscle and tendon at right ankle
and foot level initial encounter

596.211D Strain of intrinsic muscle and tendon at right ankle
and foot level subsequent encounter

596.2115 strain of intrinsic muscle and tendon at right ankle
and foot level sequela

596.212A Strain of intrinsic muscle and tendon at left ankle
and foot level initial encounter

596.212D Strain of intrinsic muscle and tendon at left ankle

and foot level subsequent encounter

§96.2125 Strain of intrinsic muscle and tendon at left ankle
and foot level sequela

596.219A Strain of intrinsic muscle and tendon at ankle and
foot level unspecied side initial encounter

$96.219D strain of intrinsic muscle and tendon at ankle and
foot level unspecied side subs encounter

596.2195 Strain of intrinsic muscle and tendon at ankle and
foot level, unspecied side

596.EB11A Strain of other muscles and tendons at right ankle
and foot level initial encounter

$96.811D Strain of other muscles and tendons at right ankle
and foct level subsequent encounter

596.8115 Strain of other muscles and tendons at right ankle
and foot level sequela

596.812A Strain of other muscles and tendons at left ankle
and foot level initial encounter

596.812D Strain of other muscles and tendons at left ankle
and foot level subsequent encounter

596.8125 Strain of other muscles and tendons at left ankle and
foot level sequela

596.819A Strain of other muscles and tendons at ankle and
foot level unspecied side initial encounter

$96.819D Strain of other muscles and tendons at ankle and
foot level, unspecied side subs encounter

596.8195 Strain of other muscles and tendons at ankle and
foot level unspecied side sequela

$96.9114A Strain of unspecied muscle and tendon at right
ankle and foot level initial encounter

596.911D Strain of unspecied muscle and tendon at right
ankle and foot level subs encounter

$96.9115 Strain of unspecied muscle and tendon at right ankle
and foot level seguela

596.912A Strain of unspecied muscle and tendon at left ankle
and foot level initial encounter

596.912D Strain of unspecied muscle and tendon at left ankle
and foot level subs encounter

§96.9125 Strain of unspecied muscle and tendon at left ankle
and foot level sequela

$96.919A Srrain of unspecied muscle and tendon at ankle and
foot level unspec. side initial encounter

$96.919D Strain of unspecied muscle and tendon at ankle and
foot level, unspec. side subs encounter

$96.9195 Strain of unspecied muscle and tendon at ankle and
foot level unspec. side sequela



CONVERGENCE : DIAGNOSIS CODE and SEMANTIC INTEROPERABILITY ?

ICD-9

B45.00 Sprain and strain of ankle unspecied site

B45.01 Sprain and strain of ankle, Deltoid ligament/ Internal
collateral ligament

B45.02 Sprain and strain of ankle, Calcaneobular (ligament)
B45.03 Sprain and strain of ankle, Tibiobular (ligament) distal

ICD-10

Proprietary closed semantic data dictionaries (EPIC) and

593.401A Sprain of unspecied igament ofight ankle ~ nfial heterogeneity of billing codes are contributors to lack of
S95ADID S of unsgecied lgament ofrantankie semantic interoperability and inhibitor for OS platforms
§93.4015 Sprain of unspecied ligament of right ankle -

sequela

593.402A sprain of unspecied ligament of left ankle - initial

encounter

§93.402D Sprain of unspecied ligament of left ankle -

subsequent encounter

593.4025 Sprain of unspecied ligament of left ankle - sequela
593.409A Sprain of unspecied ligament of unspecied ankle —
initial encounter

§93.409D Sprain of unspecied ligament of unspecied ankle -
subsequent encounter

593.4095 Sprain of unspecied ligament of unspecied ankle

- sequela

593.412D sprain of calcaneobular ligament of left ankle —
subsequent encounter

$93.4125 Sprain of calcaneobular ligament of left ankle —
sequela

593.419A sprain of calcaneobular ligament of unspecied
ankle — initial encounter



Barriers to Interoperability? Role of Ontology and
Semantics in the Healthcare Standards Landscape

INTERNATIONAL HEALTHCARE STANDARDS LANDSCAPE

Joint Initiative Council (JIC)

CDISC IHTSDO

SCO
NCPDP ASTM ASC X12 tSNOMEDJ
il LOINC
MedDRA «+— ICH
CPT || AMA
VHA RxNorm NLM
DOD
Home Sec




Digital Health
Frameworks

Must address security, data integration, diagnostic
platforms and tools with health IT interoperability



==

s | | helped invent the Internet of
Things. Here’s why I’m worried
about how secure it is.

Pater Greenwood for POLITICO

I'm a mechanical engineering professor at MIT, and 17 vears ago, with my

colleagues David Brock, Kevin Ashton and Sunny Siu, I helped launch the
research effort that laid some of the groundwork for the Internet of Things. As
vou might imagine, my life is pretty connected.







Operational Security of the Future ?
s

Researchers hzéck a télééﬁeratgd surgical ot to reveal security
flaws

Date:  May 7, 2015
Source:  University of Washington

Summary:  How safe is that robot doing your surgery? Researchers easily hacked a next generation teleoperated
surgical robot to test how easily a malicious attack could hijack remotely-controlled operations in the
future and to offer security solutions.



r National Science Foundation
WHERE DISCOVERIES BEGIN

FUNDING AWARDS DISCOVERIES NEWS PUBLICATIONS STATISTICS ABOUT

Email@

Press Release 15-096
A partnership to secure and protect

the emerging Internet of Things

National Science Foundation and Intel Corporation team to

improve the security and privacy of computing systems
M E D I CAL that interact with the physical world using a new
cooperative research model

IIC MEMBERS
UPENN
INTEL

Researchers will adapt smart alarm research to deté&zand
react to attacks on medical devices. 28 August 2015




Apply Analytical Rigor of CPS to Health IT

|lCa’[egc:r'|e.'-".,r concerns / aspects | | Domains ‘

What things are supposed to ‘

do & how things should work
Utility P o :
Derive | Manufacturing
Functional Facet ‘\
Safe
v 5 Transportation
, Apply to & specialize for |::>
Security & Privacy Engineering Facet Inform Infurm 8 validate ‘ Aerospace ‘

/

Time Synchronization

‘ Healthcare ‘

‘ How things should be

Assurance Facet

made and operate

Data Interoperability ‘ Energy ‘

How to prove things actually ‘
work the way they should

NIST CPS PWG



General Abstraction @ Connectivity, Open Platforms and Broad Spectrum of Applications

Technical challenges
Heterogeneity
Integration
Low power
Security
Interoperability
Self-adaptability
Plug&play
Dependability
Distibuted control

Applications

" Enablers and tools

- Open platforms

Actors from the whole value chain
Device/Gateway manufacturers

Connectivity

Device Connectivity providers
Platform providers
actuating Integrators

Consumer companies
Cloud providers
Service providers
Public Authorities

Physical World Citizens

sensing

www.cea.fr




AVM Component Model

Can it help medical device interoperability & integrated clinical environment ?

Weight Height Number of Cylinders Maximum RPM

680 kg 1070 mm 6 2300 rpm

Length Width Minimum RPM
1245 mm 600 rpm

894.08 mm

Parameter/property
interfaces

Maximum Power
330 kW

High-Fidelity Modelica Dynamics Model

Rotational
Power Port

Signal Port

Power
interfaces

Low-Fidelity Modelica Dynamics Model

Rotational
Power Port ]|

Signal
interfaces

Signal Port

Throttle
Signal
Port

Power Out
Rotational
Power Port

Bond Graph Dynamics Model

Rotational

| Power Port ORI

Structural Structural
Interface Interface

Structural
interfaces

Structural
interfaces

" Il Housing
Structural
Interface

Mount
Structural
Interface

Structural
Interface |

Structural
Interface

TED BAPTY, Vanderbilt University



Meta Tool Suite Architecture

Can it help medical device interoperability & integrated clinical environment?

Model- Integration
. L] — . L] — . L] — L] — Parametr‘.c
in CyPhyML Components Designs Design Spaces Test Benches e
Explorations
Model
Transformations s
Formal Experiment
(CyPhyML — Component Design static An. [feometry | Dynamics | Models Specifications
Domain Models) Exporter Composer

Tool Integration Platform

Analysis
Scheduling Job Manager
Execution Integration Platform . —
Simulation .
Tools Tools
Local File system and/or Cloud Storage Simulation Trace Files, Analysis Results, Computed Metrics

Data Visualizer

Results storage

Visualization of
results

DR TED BAPTY @ www.isis.Vanderbilt.edu e http://bit.ly/META-TOOL-SUITE



http://www.isis.vanderbilt.edu/
http://bit.ly/META-TOOL-SUITE

AVM Component Model

Can it help medical device interoperability and integrated clinical environment ?

If you combine the model and the tool suite can you create an exact digital
representation of the dynamic clinical environment of the patient attached to
various devices from ER to OR and from post-operative ICU to discharge?

The creation of a digital duplicate as an entity level agent based model is
essential to analytics and simulation of what-if scenarios (deterministic) to
better prepare for the non-deterministic states (emergency). This approach is
not limited to medicine but crucial for any “atom” with connected bits (data),

Digital duplication will be the underpinning of all most all elements in the
context of connectivity (IoT, IloT). Data from each individual node of this
model (eg sensor data from each part in a machine with hundreds of parts)
will feed the digital duplicate connected to algorithm engines in the cloud to
drive real-time analytics, provide feedback to improve efficiency or precision
of the machine or device or process or decision support system in a manner
that is context-aware and delivers intelligence at the edge to boost autonomy.

Meta Tool Suite Architecture

Can it help medical device interoperability and integrated clinical environment?




Evolution of the Integrated Healthcare Platform(s)
n-Directional Data Access via Secure Interoperable Standards

Laboratory | & =

Dr Ram Sriram, NIST



Ubiquitous Remote Monitoring from Edge Devices
Potential Diagnostic Value in Digital Health IT

General Purpose In and Out — GPIO
CPU, Memory (16 GB), WiFi, Bluetooth

Edge Ambient Intelligence — Analytics in the Mist

Latency boundary unsuitable for fog or the cloud



Ubiquitous Remote Monitoring from Edge Devices
EYERISS — real time analytics for Digital Health PoC

el
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uploads/2016/02/eyeriss isscc 2016 slides.pdf

://people.csail.mit.edu/emer/papers/2016.06.isca.eyeriss architecture.pdf
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MIT introduced a new computer chip optimized for deep-learning, an approach to Al. The chip,
dubbed "Eyeriss" could allow mobile devices to perform tasks like natural language processing
and facial recognition without being connected to the internet. It’s the latest attempt to make
the complex operations of machine learning more portable. That means that our smartphones,
wearables, robots, self-driving cars, and other IoT devices could begin performing complex deep
learning processes, locally, with the aid of analytical engines at the edge (without cloud or fog).


http://www.rle.mit.edu/eems/wp-content/uploads/2016/02/eyeriss_isscc_2016_slides.pdf
http://people.csail.mit.edu/emer/papers/2016.06.isca.eyeriss_architecture.pdf
https://dspace.mit.edu/handle/1721.1/101151

How will sensor-enabled wearables integrate with the ecosystem of digital health IT ?

3" party apps
API partners
Accessories

Less distracting
when receiving
alerts /
reminders /

messages

MIT

Fa

Development
Platform

Hands-Free

Attention-
Getting

Connected

\oice / gesture

-

control

Always-On

~

Environment
-Aware

Wi-Fi

3G /4G
Bluetooth
NFC

Low power
consumption
Instant wake
Background
working /
sensing

GPS
Accelerometer
Compass
Camera
Microphone
Other Sensors



BAN — Bod Area Networks

(0}

O O O 0O 0O O°

- glucose
- heart rate

- Bluetooth-enabled sensors / devices | - pulse oximeter
- AMMO receives/uploads sensor data | - body temperature

- pedometer

- Soldier in desert (high temperature)

i A\/er - - Monitor health via sensor data / analytics

- Intervene before it is necessary / prevent A&E

POTENTIAL AMMO APPLICATIONS

Pre- and Post- surgery interactive care plan execution and monitoring
Improved home-health & patient communication with social partners
Remediate loss of HIV patients identified for anti-retro viral treatment
Ebola Infection - patient, population and physician data / monitoring
Adhoc mesh / zero configuration networking for search & rescue (A&E)
Google Project Ara - integrated/on-platform tactical radio and SDR
Novel nano-sensors with embedded sub-cutaneous radio/transmitters
Sandeep Neema

Android Mobile Middleware Objects



Emergence of |oS Preventive Medicine Era @ Wearable Diagnostic

Devices with High Performance Ultra-Sensitive Nano-Sensors

Swiss engineer George de Mestro invented Velcro after his dog came home covered
with thistle burrs, Speedo learned from sharkskin to make faster swimsuits, and

chemical companies designed self-cleaning paint after studying lotus leaves.

e
e e

GE scientists have observed that Morpho wings change their color when they come into contact
with heat, gases and chemicals. The normal iridescent blue color of butterfly wings (A) changes
when exposed to ethanol (panel B top) or toluene (panel B bottom). Radislav Potyrailo’s team at
GE wants to use their findings to develop fast, ultra-sensitive thermal and chemical imaging
sensors for applications in night vision goggles, super-sensitive surveillance cameras, handheld

or wearable medical diagnostic devices. M www.gereports.com/post/80985289914/like-a-butterfly-out-of-hell-the-next-wave-of



http://www.gereports.com/post/80985289914/like-a-butterfly-out-of-hell-the-next-wave-of

Digital Health
Diagnostics

MIoT as a catalyst for preventative medicine?
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Michael S. Strano [

Carbon P. Dubbs Professor of Chemical
Engineering

Department of Chemical Engineering
Massachusetts Institute of Technology
' | Room 66-570B

W 77 Massachusetts Ave
Cambridge MA 02139 USA

NANOTUBES

Embedded nano-sensors and nano-radios

will transmit data from inside the body IMPLANTED NANO TUBE
using ad hoc mesh networks (nano-com). SENSOR DIAGNOSTICS

They may coordinate actions of nano-bots
and nano-drones introduced through
nasal inhalation or epidermal patches to

0 AUGUST 24,2015

MIT researchers are developing tiny devices made from polymer

optimize time-dependent drug delivery,
radio/laser ablation, magnetic monitoring
or surgically remove abnormal growth.
Real-time internal data will help manage

external support, such as prmted stem _ body’s inclination to protect itself and recycle biological material.
cell thera py or assembly of pre-synthetlc Devices can become wrapped in scar tissue, or their components
peptides to form active proteins (think

printed insulin in your medicine cabinet).

wrapped carbon nanotubes that detect insulin, nitric oxide and

fibrinogen — simplifying and automating diagnostic tests.

Past efforts to develop implantable sensors have failed, due to the

can be broken down. The team believes that the nanotube sensors

can be effective for the long term.




Printed Proteins?

Printed Insulin? What about secondary structure?



Printed Proteins? It could happen ...

Figure 1: Snapshot of a peptoid nanosheet obtained
from molecular-dynamics simulations.

ke

P gy ©
P e

a, Left, an amphiphilic 28-residue peptoid, which assembles into
extended nanosheets only two molecules thick ', as shown in the
fluorescent-microscopy image to the right. b, Snapshot of a
bilayer, obtained from molecular-dynamics simul. ..



Peptoid nanosheets exhibit a new secondary-
structure motif

Ranjan V. Mannige, Thomas K. Haxton, Caroline Proulx, Ellen J. Robertson, Alessia
Battigelli, Glenn L. Butterfoss, Ronald N. Zuckermann & Stephen Whitelam

Affiliations | Contributions | Corresponding authors

Mature (2015) | doi10.1038/nature15363
Received 20 April 2015 | Accepted 27 July 2015 | Published online 07 October 2015

A promising route to the synthesis of protein-mimetic materials that are capable of complex
functions, such as molecular recognition and catalysis, is provided by sequence-defined peptoid
polymers - 2—structural relatives of biologically occurring polypeptides. Peptoids, which are
relatively non-toxic and resistant to degradation®, can fold into defined structures through a
combination of sequence-dependent interactions>: 42 6. 7.8 However, the range of possible
structures that are accessible to peptoids and other biological mimetics is unknown, and our ability
to design protein-like architectures from these polymer classes is limited®. Here we use molecular-
dynamics simulations, together with scattering and microscopy data, to determine the atomic-
resolution structure of the recently discovered peptoid nanosheet, an ordered supramolecular
assembly that extends macroscopically in only two dimensions. Our simulations show that
nanosheets are structurally and dynamically heterogeneous, can be formed only from peptoids of
certain lengths, and are potentially porous to water and ions. Moreover, their formation is enabled
by the peptoids’ adoption of a secondary structure that is not seen in the natural world. This
structure, a zigzag pattern that we call a Z('sigma’)-strand, results from the ability of adjacent
backbone monomers to adopt opposed rotational states, thereby allowing the backbone to remain
linear and untwisted. Linear backbones tiled in a brick-like way form an extended two-dimensional
nanostructure, the Z-sheet. The binary rotational-state motif of the Z-strand is not seen in regular
protein structures, which are usually built from one type of rotational state. We also show that the
concept of building regular structures from multiple rotational states can be generalized beyond the
peptoid nanosheet system.



Conceptual Convergence of Material Genome with the Human Genome?

“With our 3D printing technology, we are not limited to just fish
shapes. We can rapidly build micro-robots inspired by other
. biological organisms such as birds,” said Zhu.

Prof Shaochen Chen and Joseph Wang, NanoEngineering Dept, UC San Diego

30-printed microfish contain functional nanoparticles
that enable them to be seltpropelled, chemically

powered and magnetically steered. The microfish are

also capable of removing and sensing toxins. Image

htto://bit.Iv/POTUS-REPORTS 30 printed robots from iron oxide, which can be magnetically guided:; platinum, which can be chemically
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3D-Printed Artificial Microfish

Wei Zhu, Jinxing Li, Yew J. Leong, Isaac Rozen, Xin Qu, Renfeng Dong, Zhiguang Wu,
Wei Gao, Peter H. Chung, Joseph Wang ,* and Shaochen Chen*

To maneuver within their environment, aquatic organisms
employ a variety of locomotive strategies. These diverse mecha-
nisms offer inspiration in designing artificial microswimmers
for applications ranging from directed drug delivery to accel-
erated environmental decontamination."®One challenge in
adapting naturally evolved designs for “smart”™ microswimmer
gystems lieg in replicating their complex biomimetic form and
function. Here, using a rapid 3D printing platform — microscale
continuous optical printing (nCOP) — we engineered hydrogel
microfish featuring biomimetic structures, locomotive capa-
bilities, and functionalized nanoparticles. The pCOP system
can print complex 3D structures within seconds at high reso-
lution (=1 pm) across multiple orders of magnitude in scale.
The 3D-printed microfish exhibits propulsion that is highly effi-
cient, chemically powered, and magnetically guidable. By incor-
porating polydiacetylene (PDA) nanoparticles, we demonstrate
the microfish’s utility in toxin-neutralization applications. The
multiple capabilities integrated within these proof-of-concept
microfish highlight the technical flexibility and broad appli-
cability of our approach in engineering advanced functional
biorobotics for actuation, sensing, and detoxification.

The co-first authors Jinxing Li (right} and Wei Zhu (left),
both nanoengineering Ph.D. students atthe UC San
Dieqo Jacobs School of Engineering.
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Target Specific Analytes in Detection, Monitoring & Treatment
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New test can predict cancer up to 13 years before disease
dEE-’EleS http://genesdev.cship.org/content/19/18/2100.full.pdf+html

People who develop cancer have shorter telomeres, the caps at the end of
chromosomes which protect the DNA

Target Specific Analytes in Detection, Monitoring & Treatment

ANALYTES ??
Cohesin ? ) i
Shelterin ? : o

(Oelgle[SIaNIalF http://bit.ly/SHELTERIN-ANALYTE-FOR-TELOMERE
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Pay-Per-Pee Home Health loT Wireless Toilet Bowl Connected to Health IT

---
o

: Welgh scale, BMI, FOBT, urine analysis, sugar,
i ketone body analysis, blood pressure monitor,
pulse oximeter, networked to phone via WiFi
and/or Bluetooth with biometrics and face
recognition for secure communication with
physician and hospital or clinic, globally.



Walgreens Specials - $1.99 for 24-pack Diet Coke ® $1.99 for Bone Density ¢ $1.99 Mammogram

Value Network Ecosystem Testbed

Walgreens — Retail Healthcare
GE — Equipment

Cisco — IPv6 Routers

AT&T — Data Transmission
Intel — MIPS

IBM — Data Analytics

Samsung — Diagnostic Apps
PDEXA SCAN Walmart — Grocery Supply Chain
BONE MINERAL
DENSITY PROFILE




CVS Special $0.99 for 1-quart Milk ¢ $1.99 for Bone Density ® $2.99 Mammogram

PDEXA SCAN | % Osteoporosis
BONE MINERAL

DENSITY PROFILE EU = 28 million in 2010 to 34 million in 2025 (increase of 23%)

US = 44 million (represents 55% of people aged 50+)
Brazil - 10 million (1 in every 17)

India = 36 million (2013)
PDEXA SCAN

in every drug
store, petrol
pump, grocery

China = 70 million (50+). Cost of treatment USD1.5 billion in 2006.
Estimated USS12.5 billion in 2020 and USS265 billion in 2050.

In 2008, Indonesia had 34 DXA machines, half of them in Jakarta (population 237 million) which translates to

0.001 machine per 10,000 population. The equivalent recommended number for Europe is 0.11 (per 10,000)

-  epositphotoss
A AR
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£
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Integrated system detects fall in bone density and correlates with reduced purchase of milk. Prevention for

osteoporosis starts early. Avoids trauma and/or morbidity from broken bones. Connected healthcare data.
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US Healthcare

Costs estimated in NHEA Costs estimated with sources other than NHEA
categories (in billions) {in billions)

Spending category

spending nears Indirect/
enpe Direct Costs Direct Costs Imputed costs
$4 trillion (2013 — |
Hospital care Hospital care 5814
Professional services Physician and clinical $516
services
Dental services 5105

Other professional services  $68

Other personal health care  $129

All other ambulatory 519

CAM practitioner costs 531

Weight-reducing centers %2

Long-term care (LTC) Home health care 570
Nursing home care $143
Homes for the elderly 517
Prescription drugs Prescription drugs 5259
Retail products and Durable medical S38
services equipment
Other non-durable medical  $45
products
CAM products 52
Health publications 52
Nutrition/supplements 556
Direct administrative Total non-personal health 5408
costs care
Supervisory care Supervisory 5492

care

Deloitte Total 52,594 5492




Low Cost of Healthcare in India leaves billions in the dust without access to healthcare

Cancer Treatment
$2,900 HCG Oncology, India
$22,000 U.S. average

Kidney Dialysis
$12,000 Deccan Hospital, India
$66,750 U.S. average

Where the Industrial Internet can help ¢ Source: http://hbr.org/2013/11/delivering-world-class-health-care-affordably/ar/1



http://hbr.org/2013/11/delivering-world-class-health-care-affordably/ar/1

Fast Forward — Penny Per Person Per Use Per Day

S1 - Bone density
S1 - Mammogram
at the corner of Happy and Healthy in every zip code in India, China, Indonesia

data transmitted to specialists and reports sent to individuals, doctor and clinic

The micro-revenue earnings potential with 10% penetration for population of 3+ billion & aging!



An old idea (2004)

gets some new wings



Glucose NanoSensor

RE (Ag)

NanoLetters (2004) 4 1785-1788



The Industrial Internet
The Industrial Internet of Things

The Industrial Internet of Healthcare

Megative
alactrode

nanotube

Paositive
electrode

A i 17
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' Radio signal

Nanotube Radio

Blood Glucose Nano-sensor

NanoLetters (2004) 4 1785-1788 NanoLetters (2007) 7 3508-3511



Integrated Glucose NanoSensor NanoRadio

Hypothetical (S. Datta)

Diabetes affects 25.8 million people
8.3% of the U.S. population

DIAGNOSED
18.8 million people

UNDIAGNOSED
7.0 million people



http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2011.pdf

Industrial Internet of Remote Heath Monitoring

May | implant a glucose nano-sensor nano-radio chip on
your shoulder? You are fat. You could become diabetic.

| RE (Ag)

Prime Minister Bertie Ahern (Taoiseach) 2005 at TCD, IRL




Glucose NanoSensor NanoRadio ecosystem of health-
care monitoring

About 30 million individuals in US affected by diabetes

o

4
() 3= cONNECT{}

1. Implanted wireless sensor transmits blood glucose
data from home or office or airport (WiFi/WAN/gateway)

2. Data travels from you to your hospital or clinic (MAN)

3. Blood glucose data updates risk and patient profile

4. If you need medical attention or insulin or other
treatment then auto-responder sends message or calls

www.cdc.gov/nchs/fastats/diabetes.htm
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Glucose NanoSensor NanoRadio ecosystem of health-

care monitoring may have a minor economic impact

www.cdc.gov/nchs/fastats/diabetes.htm
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Changes to be ushered in by the connectivity potential from the loS will shape
the global economy in ways which could be limited only by our imagination

Scientists at GE Global Research discovered that the nanostructures on the wing scales of
Morpho butterflies have excellent sensing capabilities. They could allow them to build sensors

that can detect heat and also as many as 1,000 different chemicals. Image: GE Global Research



Can Butterflies Help Prevent Diabetes?

This is only a suggestion by the author and not a fact or system which is under investigation or is available at present.

Dual Acetone Sensors on a single chip may differentiate between acetone in the environment vs
acetone in the blood, breath or urine of diabetics. Subtractive analysis alerts to blood ketones.
Occurs when body uses fat instead of glucose. It signals insulin dysfunction. If undiagnosed, it
may lead to diabetic ketoacidosis (DKA) which may result in diabetic coma and may be fatal. The
acetone (ketone bodies) sensors may be able to detect trace levels (nano milli moles eq) and may
help preventive care to stem the clinical onset of type Il diabetes mellitus (glucose >120 mg/dl).



MIoT Diabetes Management - Artificial Pancreas Device Systems

7 Enhanced Remote
Monitoring Center

An Artificial Pancreas System
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www.tcs.com/SiteCollectionDocuments/White%20Papers/Personalized-Artificial-Pancreas-Device-Systems 1014-1.pdf
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O 2010 ® 2015

igg-mfx standardised rates per 100 000 population  Approximately 60,000 patients were hospitalized due to diabetes in the US in 2015
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Congestive Heart Failure

Why should CHF claim about 5 million lives in the US?

e About 5.1 million people in the United States have heart failure.
e About half of people with CHF die within 5 years of diagnosis.
® CHF costs the nation an estimated $32 billion each year.

Abundance of prognostic biochemical markers —

® C-reative protein (CRP5 / CRP6) — 1954 and Framingham Heart Study

e Tumour necrosis factor alpha (TNFa)

® Brain Natriuretic Peptide (1981) BNP <100 pg/ml CHF unlikely and >400 pg/ml CHF likely

e N-terminal (NT) pro-BNP <300 pg/ml CHF unlikely and >400-900 pg/ml CHF likely (age related)

48,629 patients of acute decompensated heart failure found linear correlation between BNP
levels and in hospital mortality. Failure of BNP to decline during hospitalization predicts death

and re-hospitalization while discharge levels of 250pg/ml or less predicts event free survival.

http://medind.nic.in/jac/t10/i4/jact10i4p282.pdf www.cdc.gov/dhdsp/data statistics/fact sheets/fs heart failure.htm
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BNP as a key
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0.0 0.2 0.4 0.6 0.8 1.0
1—Specificity
PosITive NEGATIVE
PReDICTIVE ~ PREDICTIVE
BNP SENSITIVITY  SPECIFICITY VALUE VALUE AcCCURACY
pag/ml {95 percent confidence interval)
50 97 (96-98) 62(59-66) 71(68-74)  96(94-97) 79
80 93(91-95)  74(70-77) 77 (75-80) 92 (89-94) 83
100 90 (88-92) 76 (73-79) 79 (76-81) 89 (87-91) 83
125 87(85-90) 79(76-82) 80(78-83) 87 (84-89) 83
150 85(82-88) 83(80-85) 83(80-85)  85(83-88) 84

Figure 3. Receiver-Operating-Characteristic Curve for Various Cutoff Levels of B-Type Natriuretic Pep-
tide (BNP) in Differentiating between Dyspnea Due to Congestive Heart Failure and Dyspnea Due to
Other Causes. http://www.nejm.org/doi/pdf/10.1056/NEJM0a020233
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hospital admission
(adults, 2015)

OECD Health Statistics 2017
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Symptomatic Angina: The Tip of the Ischemic Iceberg

www.escardio.org/static file/Escardio/education/live-events/courses/education-resou

rce/Fri-11-SMI-Gutterman.pdf

24% (symptomatic angina)

76% (silent ischemia)

Total
= |schemic
Burden

—

u chest pain/ dyspnea

If you cannot sense, you cannot detect. = abdominal pain

No symptoms

If you cannot predict, you cannot prevent.
63%

If you cannot measure, you do not have metrics.

If you do not have data, you cannot take a decision.

dspace.mit.edu/handle/1721.1/107893

The most common symptom of
myocardial ischemia:

absence of symptoms


https://dspace.mit.edu/handle/1721.1/107893
http://www.escardio.org/static_file/Escardio/education/live-events/courses/education-resource/Fri-11-SMI-Gutterman.pdf
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Age-sex standardised rate per 100 admissions of adults aged 45 years and over
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Thirty-day mortality after admission to hospital for AMI based on unlinked data, 2010 and 2015
(or nearest years)
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Lab on a Chip - Detection of Non-Small Cell Lung Cancer (C) and Ovarian Cancer (D)
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http://pubs.rsc.org/en/content/articlepdf/2014/LC/C4LC00662C

C | ® Mot secure | pubs.rsc.org/en/content/articlelanding/2015/lc/c5Ic00546a#!divAbstract

Biopsy is an important diagnostic tool for a broad range of conditions. Cancer diagnoses, for
example, are confirmed using tissue explanted with biopsy. Here we demonstrate a miniaturized
wireless sensor that can be implanted during a biopsy procedure and return chemical information
from within the body. Power and readout are wireless via weak magnetic resonant coupling to an
external reader. The sensor is filled with responsive nuclear magnetic resonance (NMR) contrast
agents for chemical sensitivity, and on-board circuitry constrains the NMR measurement to the
contents. This sensor enables longitudinal monitoring of the same location, and its simple readout
mechanism is ideal for applications not requiring the spatial information available through imaging
techniques. We demonstrated the operation of this sensor by measuring two metabolic markers,
both in vitro and in vivo: pH in flowing fluid for over 25 days and in a xenograft tumor model in
mice, and oxygen in flowing gas and in a rat hind-limb constriction experiment. The results
suggest that this in vivo sensing platform is generalizable to other available NMR contrast agents.
These sensors have potential for use in biomedicine, environmental monitoring and quality control
applications.

Miniaturized, biopsy-implantable chemical

sensor with wireless, magnetic resonance

readout
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Sensor to monitor heterogeneous spatiotemporal dynamics of dopamine neurotransmission
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neurochemlcal recording from 2 x 8 channel arrays in rat brain
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Subcellular probes for neurochemical recording
from multiple brain sites
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With the global rise
in incidence of
cancer & infectious
diseases, there is a
need for the
development of
techniques to
diagnose, treat, and
monitor these
conditions. The
ability to efficiently
capture and isolate
cells and other
biomolecules from
peripheral blood for
downstream
analyses is
necessary. Graphene
oxide (GO) is an
attractive template
nano-material for
such biosensing
applications.

pubs.acs.org/doi/pdfplus/10.1021/acsnanc.6b06979

Improved cell capture
54%

GO-day0

Enhanced
functionalization

Favorable properties include its 2D architecture and wide range of Enhanced Cell Capture on Functionalized Graphene Oxide Nanosheets
functionalization chemistries, to tailor affinity toward aromatic
functional groups. A limitation of current techniques is that as- Angela M. Belcher t#5, and Guan-Yu Chen'#V
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Single-molecule detection of protein efflux from
microorganisms using fluorescent single-walled
carbon nanotube sensor arrays
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A distinct advantage of nanosensor arrays is their ability to achieve ultralow detection limits in
solution by proximity placement to an analyte. Here, we demonstrate label-free detection of
individual proteins from Escherichia coli (bacteria) and Pichia pastoris (yeast) immobilized in a
microfluidic chamber, measuring protein efflux from single organisms in real time.
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MIT News

ON CAMPUS AND AROUND THE WORLD

Dr Phillip Nadeau with the “silver bullet” device, which could revolutionise medical treatment (Photo: Andrew

Researchers at MIT and Brigham and
Women's Hospital have designed and
demonsirated a small, ingestible voltaic
oell that iz sustained by the acidic fluids
in the stomach.

news.mit.edu/2017/engineers-harness-stomach-acid-power-tin

Engineers harness stomach acid to power tiny
SENSsors

Ingestible electronic devices could monitor physiological conditions or deliver drug


http://news.mit.edu/2017/engineers-harness-stomach-acid-power-tiny-sensors-0206
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ON CAMPUS AND ARCUND THE WORLD

A simple way to make and reconfigure complex
emulsions

Anne Trafton | MIT News Office
February 25, 2015

} Janus Emulsions for the Detection of Bacteria

Qifan Zhamlg,.’r Suchol Savagatrup,T Paulina I~iaq:-lcml«,t’*'i Peter H. Seeberger,*‘*‘ﬁ
and Timothy M. Swager*'T

FOOd TeStl ng- BIOOd "Department of Chemistry and Institute for Soldier Nanotechnologies, Massachusetts Institute of Technology, 77 Massachusetts
Avenue, Cambridge, Massachusetts 02139, United States

inc? ?
Te Stl ng y S p Ut ums: *Ds:purtmm of Biomolecular Systems, Max Planck Institute of Colloids and Interfaces, Am Miihlenberg 1, 14476 Potsdam, Germany
Mucus? Fluids? *Institute of Chemistry and Biochemistry, Free University Berlin, Amimallee 22, 14195 Berlin, Germany

Specﬁi?ﬁ:eé dmp-l—ets interact with bacteria and can be analyzed using a smartphone.

aort o 2017 | TN http://pubs.acs.org/doi/abs/10.1021/acscentsci.7b00021
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Detecting gases wirelessly and cheaply

New sensor can transmit information on hazardous chemicals or food spoilage to a
smartphone.

Wireless gas detection with a smartphone via
rf communication

Joseph M. Azzarelli, Katherine A. Mirica, Jens B. Ravnsbak’, and Timothy M. Swager”

Department of Chemistry, Massachusetts Institute of Technology, Cambridge, MA 02139

- J Edited by Chad A. Mirkin, Morthwestern University, Evanston, IL, and approved Movember 5, 2014 (received for review August 10, 2014)

Wireless, wearable toxic-aas detectorwww.pnas.org/content/111/51/18162.full.pdf
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Pay 1c Per Analytics wApps, Data Distribution Service

Glucose Sensor

Cholesterol Sensor

BNP Sensor

Stroke Sensor

Hot swappable, modular, smart

ARA Prototype



C angs to Iol eonnectiviyotentia Il shape
_the global economy in ways which could be limited onl imagination

Four months ago, 16-year-old John Wall had introduced the prototype of his Atmel powered OLED
smartwatch. Earlier this week, the Maker revealed that the design was on its own power and

completed.

L=
[41]

L

http://bit.ly/OS-ARDUINO

@walltechOSHW
Drum roll please...........My BT 4.0 arduino compatible smart watch
is on its own power! My prototype is complete!

7:38 PM - 12 Oct 2014




Healthy Disruption?

Printed Spare Parts ?



3-D Printing
Design of Prosthetics and Orthopedic Imaging

Cyrano L. Catte Il (above) is the first feline to receive a total knee arthroplasty (TKA).
Femoral and tibial components were created with direct metal laser sintering (EOS).




3-D Printing of Spare Parts

http://bit.ly/3D-Print-A-Tooth
http://bit.ly/3D-Print-Medical-Devices
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Paradigm Shift in Global Healthcare Economics
3D Printed Medical Devices + OS Hardware / Software

Bl W

ARDUINO
ATHEART

[EEEEER HC RN RREE] (i
BTgitel =

LT

netduino' | °



Comp
Excha

Distri

exity of Healthcare Data

nge and Domai

N-S

bution of Device

necific

Data

De-ldentification?



Florence Nightingale (1858) Causes of Death: Disease v Wounds - improved sanitation & nutrition of patients
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Accuracy of prediction may improve if data is curated for context

The latest US influenza season is more severe and has caused more deaths than usual.

EPII]EHII]LI]E'!

When Google got
flu wrong

US outbreak foxes a leading web-based method for

tracking seasonal flu.

BY DECLAN BUTLER

hen influenza hit early and hard in
the United States this year, it qui-
etly claimed an unacknowledged

victim: one of the cutting-edge techniques
being used to monitor the outbreak. A com-
parison with traditional surveillance data
showed that Google Flu Trends, which esti-
mates prevalence from flu-related Internet
searches, had drastically overestimated peak
flu levels. The glitch is no more than a tempo-
rary setback for a promising strategy, experts
say, and Google is sure to refine its algorithms.
But as flu-tracking techniques based on min-
ing of web data and on social media prolifer-
ate, the episode is a reminder that they will

complement, but not substitute for, traditional
epidemiological surveillance networks.

“It is hard to think today that one can pro-
vide disease surveillance without existing
systems,” says Alain-Jacques Valleron, an
epidemiologist at the Pierre and Marie Curie
University in Paris, and founder of France’s
Sentinelles monitoring network. “The new sys-
tems depend too much on old existing ones to
be able to live without them.” he adds.

This year’s US flu season started around
November and seems to have peaked just after
Christmas, making it the earliest flu season
since 2003. It is also causing more serious ill-
ness and deaths than usual, particularly among
the elderly, because, just as in 2003, the pre-
dominant strain this year is H3N2 — the most

nologies could open the ;\ray to easier, faster
estimates of ILI, spanning larger populations.

FEVER PEAKS

A comparison of three different methods of
measuring the proportion of the US population
with an influenza-like illness.

= Google Flu Trends
== CDC data
== Flu Near You ”

Estimated 9% of US population with influenza-like illness

UIIIIIIIIIIIIIIIIIIIIIIIIII
Jan Jan Jan

2011» 2012» 2013»
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Perishability of Broad Healthcare Data - Transforming Data into Actionable Information

Information

Data Data Data
Source Source Source

Data ‘




Healthcare Management - Closed Loop & Quintessentially Patient Specific

Patient

Doctor Doctor |

The buzz of “innovation” in healthcare often fails to differentiate between tools and services. Tools and technologies used to deliver healthcare
are easy targets for innovation, modularity and scalability. This is innovation in health related tools, not healthcare. Innovation in healthcare is
about delivery of healthcare which is a closed loop management system uniquely focused on one patient (not scalable) and relevant tools must
converge at the point of care. The infrastructure (data, transmission, security, privacy) to deliver healthcare may be scalable but innovation to

enhance the quality, functionality and reliability of the infrastructure may or may not have an impact on the QoS of healthcare delivery at POC.



Harry at home with hypercholesterolemia - Larry - Do | need Lipitor today?
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Dr Jameson: Thanks for avoiding KFC. Your LDL-VLDL ratio looks good. No Lipitor today.
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Are all data created equal?

DON’T USE MY DATA



& MAZIL ANDEZSON WINN_ANDEETOSNS. COM

"Before I write my name on the board, I'll need to know
how you're planning to use that data.”



Principle of Differential Curation and De-identification of Data
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Trusted Geolocation in the Cloud (NCCOE) — Does it matter where your health data is located?

, ftware Servi
Configuration Policy AR Management
Management Enforcement ‘

Software

http://csrc.nist.gov/publications/drafts/ir7904/draft nistir 7904.pdf
http://csrc.nist.gov/nccoe/health-it/index.html
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De-identified Data (DID) will drive Research — Management Science — Policy — Funding

Device Device Device Device
from from from from
GE Medtronic Hitachi Siemens
API API API

1) R

Secure OS Platform
Open ICE Open Standard DDS Open Global
Secure Data Secure Data

known unknown

A A

Medical Economic Big Data Innovation

Research Research Analytics Application

Note: In certain instances, CPS related time constraints may render traditional cloud based D2D architecture unacceptable [QoS] due to latency.



Data Dissociation using meta data to identify/label data type

mm Street Address | Zip Code Blood Glucose | Weight in kg

Jane Does 123-45-6789 77 Mass Ave 02139 190 mg/dI 190

M Tag N1 Tag S1 Tag Al Tag Z1 Tag G1 Tag K1
John Does-Not  123-45-6790 86 Brattle St 02138 109 mg/dI 159

Tag N2 Tag S2 Tag A2 Tag 72 Tag G2 Tag K2

mm Street Address | Zip Code Blood Glucose | Weight in kg

02139 190 mg/dI 190

@ Tag Z1 Tag G1 Tag K1
02138 109 mg/dI 159

Tag 22 Tag G2 Tag K2

YR YER
N N

Z1 Gl K1

Data Re-association using De-ldentified Data (DID) Stack



Same data but ask a different

QUESTION



Same Data < Different Questions — Extracting Information from DID

Epedimiologists What is the distribution of potential diabetics by zip code?
Economists Is there a relationship between per capita income and body fat?

Physician Can we correlate high blood glucose with increased body weight?

mm Street Address | Zip Code Blood Glucose | Weight in kg

02139 190 mg/dl 190
Tag Z1 Tag G1 Tag K1
02138 109 mg/dI 159
Tag 22 Tag G2 Tag K2

ahvahyah
NI N I N

Z1 Gl K1

This is a suggestion by the author. Not a proven concept in practice.



Secured Data <> Re-association of De-ldentified Data (DID)

Re-sequence DID - HADOOP-esque concept ?

N1

A2

Task Tracker Nodes

G1 ‘

mm Street Address | Zip Code Blood Glucose | Weight in kg

Jane Does 123-45-6789 77 Mass Ave 02139 190 mg/dl
Tag N1 Tag S1 Tag Al Tag Z1 Tag G1
John Does-Not  123-45-6790 86 Brattle St 02138 109 mg/dl
Tag N2 Tag S2 Tag A2 Tag 22 Tag G2

This is a suggestion by the author. Not a proven concept in practice.

190
Tag K1

159
Tag K2

Re-stitch De-ldentified Data - create Secure Sequencing Code (SSC)




Do we need novel approaches and innovation in

curation in order to extract information from data?

Data may be doubling approximately every 18-20 months or every 12-18 months
Number of internet-connected devices may have exceeded 10 billion

Payments by mobile phone alone are hurtling toward $S1 trillion

We may be generating 2.5 x 10*2 (exabytes) of data each day

Stored information in the world ~ 1200 exabytes

Printed on CD-ROMs & stacked up, it will stretch to the Moon in 5 separate piles
In 3" century BC, Library of Alexandria represented most knowledge in the world

Digital deluge offers each person on Earth 320 times as much information as above



Could a Neuroscientist Understand a
Microprocessor?

Eric Jonas'*, Konrad Paul Kording*®

1 Department of Electrical Engineering and Computer Science, University of California, Berkeley, Berkeley,
California, United States of America, 2 Department of Physical Medicine and Rehabilitation, Northwestern
University and Rehabilitation Institute of Chicago, Chicago, lllinois, United States of America, 3 Department of
Physiology, Northwestern University, Chicago, lllinois, United States of America

* jonas @eecs.berkeley.edu

Value from data and analytics to generate information

Think and Connect like a Neuron?

http://journals.plos.org/ploscompbiol/article/file?id=10.1371/journal.pcbi.1005268&type=printable



http://journals.plos.org/ploscompbiol/article/file?id=10.1371/journal.pcbi.1005268&type=printable

o
>
:.:..__ -. Ll | .-.-___.-'
— -.i:--
. C1Sc0 SYSTEMS
Application Awar : ld concept renewed by connectivity



:r:l_:.i:.rr.-.n-.-q a a'f-

e

Slice of neo-cortex, as identified by Cajal. Every cubic mm
contains about 100,000 neurons and 2-4 km of axons and

dendrites. Layers I-VII on the right = 2mm vertical distance.

Born 1 May 1852

Petilla de Aragdn, Navarre, Spain

Died 18 October 1934 (aged 82)

Madrid, Spain
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8 WIRES e jf-..-/f/ #“.r 's:.‘ Here, 8 agents make a little
' T~ - 7 cube, and 8 such cubes make
a 64-agent supercube.

If we join 8 of these supercubes,
we'll have 512 agents. And if we
repeat this cube-on-cube pattern
ten times, the resulting supercube
will contain a billion agents!

But if we link each agent to 30
others instead of only 6, then each
agent could communicate with a
billion others in only 6 steps.

THE SOCIETY OF MIND

Marvin Minsky (1959)



Hierarchical Temporal Memory (HTM), a form of ANN,
may be useful for time criticality of time series data

Section of a HTM region, equivalent to 1 layer of neurons in the neocortical
region (layer 3). Each 4-cell column connects to a subset of the input and
each cell connects to other cells in the region (connections are not shown).

The principle of this connectivity was abstracted in Minsky’s cube-on-cube.

Numenta



HTM (CLA) attributes include time and context — essential for many

time sensitive healthcare applications and data analytics (context)

Hierarchical Temporal Memory (HTM) is a machine learning tool to capture the structural and algorithmic properties of the
neocortex which is the seat of intelligent thought in the mammalian brain. High level vision, hearing, touch, movement,
language and planning are performed by the neocortex. Given such a diverse suite of cognitive functions, the neocortex
may be expected to implement an equally diverse suite of specialized neural algorithms. In reality, the neocortex displays a
remarkably uniform pattern of neural circuitry. In other words, the neocortex implements a common set of algorithms to
perform many different intelligence functions. It may be analogous to an abstraction which is used in a systemic context.

Programming HTM cortical learning algorithms require training through exposure to a stream of sensory data (capabilities
are determined largely by exposure). HTM is a memory based ANN system. HTM networks are trained on time varying data
and rely on storing a large set of patterns and sequences. A crucial distinction of HTM is embedded in the semantics of time
which is an important element in applications relating to cyberphysical systems (CPS). Classic computer memory has a flat
organization and does not have an inherent notion of time because the semantics of time are not available in the ISA
(instruction set architecture). Therefore, in the classical programming environment, we can implement any kind of data
organization and structure on top of the flat computer memory and control how and where information is stored.

HTM memory is more restrictive. HTM memory has a hierarchical organization and is inherently time based. Information is
always stored in a distributed fashion. HTM user is expected to specify the size of the hierarchy and what to train the system
on but the HTM controls where and how information is stored (data, patterns, text, sequences). Hence, HTMs are learning
and prediction machines that can be applied to many types of problems through the inherent abstractions in the system.
Although an HTM region is equivalent to only one portion of a neocortical region (layer 3), it can perform inference and
prediction on complex data streams. Hence the significance of HTMs in data analytics in multiple domains or verticals.

Although neurons in the neocortex are highly interconnected, inhibitory neurons guarantee that only a small percentage of
the neurons are active at one time. Thus, information in the brain is always represented by a small percentage of active
neurons within a large population of neurons. This kind of encoding is called a “sparse distributed representation” where a
small percentage of neurons are active at one time. “Distributed” refers to the characteristic that the activation of many
neurons are required in order to represent something. A single active neuron conveys some meaning but it must be
interpreted within the context of a population of neurons to convey the full or complete meaning relevant to the context.



The Final Frontier?

Precision Medicine



Traditional view 1987

Non-Small Cell Lung Carcinoma

Adenocarcinoma

Sguamous

2004 2009

+ Mutations associated with drug sensitivity
EGFR Gly719X, exon 19 deletion, Leu858Arg, Leu861GIn
+ Mutations associated with primary drug resistance
EGFR exon 20 insertions

http://bit.ly/PRECISION-MEDICINE o ety copiser Taani
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new ones and identitying appropriate disease
biomarkers, such as tumour DNA circulat-
ing in the bloodstream. It will also require a
tural shift on many levels — in regulatory
agencies, in pharmaceutical companies and,
most ofall, in the clinic.

WORLD OF DIFFERENCE

Discovering that an intervention works well
in certain groups happens relatively rarely
and often by chance. Researchers typically
get disappointing results with a drugin large,
population-based trials. This leads them to
onduct ad hoc post-trial analyses, to try to
identify the factors that cause some of the
people in the trial to seem to be responsive’.
For instance, the drug Gleevec (imatinib)
as found to double survival rates of leu-
kaemia patients® with a chromosomal
abnormality in their tumours called the
Philadelphia translocation. Similarly, it turns
out that Erbitux (cetuximab) improves the
survival of people with colorectal cancer
hose tumour cells carry a mutated EGFR
gene but not a mutated KRAS gene’.

This approach to discovery is inefficient
at best. Conventional phase III trials involve
thousands of people. The intervention being
ested is often given at random to one group
hile another group receives a sham treat-
ment, such as a sugar pill or the standard
freatment that physicians would give such
patients. Because scant data are collected on
factors such as genetics, lifestyles and diets,
e results of these trials often indicate the
need for yet another study to validate the
effectiveness of the intervention among the
apparent responders and to establish the

Imprecision Medicine
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5.CYMBALTA (duloxetine)
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8. REMICADE (infliximab)
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2. NEXIUM (esomeprazole)
Heartburn
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4. CRESTOR (rosuvastatin)
High cholesterol
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6. ADVAIR DISKUS (fluticasone propionate)

Asthma
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9. COPAXONE (glatiramer acetate) 10. NEULASTA (pegfilgrastim)

Multiple sclerosis Meutropenia

7.ENBREL (etanercept)

Psoriasis

Based on published number nesded to treat (NNT) figures. For a full list of references, ses Supplementary Infarmation at go.nature.com/4dr78f



Precision Medicine — Drug Development

A successful example of the
ment involves the drug
began clinical development in a broad population of patients with lung cancer
(Kwak et al. 2010). During the early stages of the initial Crizotinib clinical trial con-
ducted by pharmaceutical industry scientists, an independent group of academic
scientists published their discovery that a particular chromosomal translocation
cell lung cancer patients (Soda et al. 2007). Access to this knowledge allowed the
pharmaceutical industry scientists to modify their clinical trial to look specifically

at glcohort of patients with this translocation,jand the results were dramatic. For

those patients who had the translocation. the median disease-freith
Crizotinib wagja year, compared to just a few monthsjwith the standard of care.
per of

Thus, even in a trial that involved only a small num patients that were com-

pared to historical controls, it was obvious that the drug was active. In contrast, in
arjunselected patient population, most patients did not benefitffrom this drug and
it was unclear whether the drug had any aclivity.

(Crizotinib is expected to receive regulatory approval for treatment of ALK
translocation-positive lung cancer within the next year.)

precision medicine approach to drug develop-

http://bit.ly/PRECISION-MEDICINE



http://bit.ly/PRECISION-MEDICINE

Tuesday, April 21, 2015 - 10:00am EDT

Pfizer Inc. announced today that XALKORI® (crizotinib) received Breakthrough Therapy designation by the US. Food and Drug Administration (FDA) for the

potential treatment of patients with ROS1-positive non-small cell lung cancer (NSCLC). Occurring in approximately one percent of NSCLC cases', ROS1-positive

NSCLC represents a particular molecular subgroup of NSCLC.2 XALKORI currently is approved in the U.S. for the treatment of patients with metastatic NSCLC
whose tumors are anaplastic lymphoma kinase (ALK)-positive as detected by an FDA-approved test.

https://clinicaltrials.gov/ct2/show/NCT01154140
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The principle of GIS helped to organize patient-centric information layers

Google Maps: GIS layers Information Commons
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Data, Devices and Connected Information (loT)

-Factors Influencing Future Precision Medicine-
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Proteome

Metabolome

Microbiome

Epigenome

Exposome

Cell 157 241-253 (2014)




Human Genomics in an Age of Precision Medicine

Designer Drugs Delivered by Drones in the Wireless Hospital

Irrational exuberance ?

Individualized genomic medicine
From prewomb to tomb

Cell 157 241-253 (2014)




What may make precision medicine feasible — the rapid advances in

automation and the plummeting cost of complete genome sequencing
iua.wapun 3¢
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MinlON USB stick gene sequencer finally comes to market

By John Hewitt (http://www.extremetech.com/author/jhewitt) on September 19, 2014 at 2:10 pm




What is the challenge of
porecision medicine?

Integration



How do we
integrate

data and

information

from these
systems

with diverse
open source ‘

healthcare

platforms?
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Discovery

Informed
Mechanistic
Studies

Target
/ Identification

Marker ' Molecular

Identification Mechanisms

Molecular Electronic
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™

Information Commons

Clinical
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of Clinical Care
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Taxonomic

Biomedical Research

Classification ‘\\ Clnical Medicine

\
Y

A www.ucsf.edu/sites/default/files legacy files/documents/new-taxonomy.pdf
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How close are we to the
“knowledge network” of
biological/disease
networks?



Phenotypic and Genotypic Networks in Human Disease

disease phenome disease genome
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Growth factors .
Stress Inflammatory cytokines
M A P (@9, FEF, EGE) \.f”'; (UV irradiation) (e.g., TNFa, FASL, IL-1)
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http://bit.ly/CANCER-SIGNALING-PATHWAYS

Growth, development,
proliferation

Inflammation, apoptosis,
differentiation, proliferation
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http://bit.ly/CANCER-SIGNALING-PATHWAYS

NF-kB activation cascade in the canonical pathways

Inflammatory Signals
Cell Stress Signals ! ___ LT-BR, CD40

HMG I(Y)
NF-kB-regulated Genes

Shu Fang Liu and Asrar B. Malik (2006) Am J Physiol Lung Cell Mol Physiol 290 L622-1645



Digital Health Market



Healthcare Analytics - Crucial for the future but can we avoid the promotion of rubbish?

www.healthnewsreview.org/2017/02/md-anderson-cancer-centers-ibm-watson-project-fails-journalism-related


http://www.healthnewsreview.org/2017/02/md-anderson-cancer-centers-ibm-watson-project-fails-journalism-related
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Healthcare Edge Analytics at Point of Care — grand vision but where are the systems?

Jetson TX2 is the fastest, most power-efficient embedded Al computing device. The latest addition to
the industry-leading Jetson embedded platform, this 7.5-watt supercomputer on a module brings

true Al computing at the edge. It's built around an NVIDIA Pascal™-family GPU and loaded with 8 GB
of memory and 59.7 GB/s of memory bandwidth. It features a variety of standard hardware interfaces
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PAY-PER-ANALYTICS

Samsung, UCSF Partner to Accelerate New Innovations
in Preventive Health Technology

Pair Will Work to Validate Promising New Sensors and Analytics for Next-

Generation Digital Health Solutions
02/21/2014
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GE Investing in Healthcare Startups
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0T Investment in the Healthcare Industry
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Healthcare Platforms?

Systems of Digital Twins for Health and Wellness



Integrating Ubiquitous Analytics in Real-Time with Data, Information, Application

— ———

The Web

Dumb browsers

t!

Web apps
and
services

2003

From

an office

in Shinzen,

China, you log

on a SDR reader in

a warehouse in USA,

to check if your products

arrived on-time. They did.
You also get to know that

your distributor in Santiago,
Chile and retailer in Espoo,

Internet O

Internet 1
Internet 2

Bits, Atoms, Decisions

. MEMS/NEMS

Smart sensors

Smart chjects

1

Smart
services

SECURITY

Right-Time
Analytics

Extended
Internet

Semantic Grid

Finland also checked the delivery
status, moments before you logged on.

Intel Motes, Crossbow

— D2B / RFID / UWB

Object Oriented Hardware
Service Supply Chain

— Real Time Data

Streaming Data, Continuous Queries

Physical World Objects

Web Portal

BUSINESS SERVICES

SDR Data Interrogators as Ubiquitous Internet Appliances in loT (2003)



Healthcare Data Integration and Interoperability

Platform IS a Qumtessentlal Global Infrastructure

— e e e s ————————— ————

Infrastructural technologies, in contrast, offer far more value when shared than when
used in isolation. Imagine yourself in the early nineteenth century, and suppose that
one manufacturing company held the rights to all the technology required to create a
railroad. If it wanted to, that company could just build proprietary lines between its
suppliers, its factories, and its distributors and run its own locomotives and railcars on
the tracks. And it might well operate more efficiently as a result. But, for the broader
economy, the value produced by such an arrangement would be trivial compared with
the value that would be produced by building an open rail network connecting many
companies and many buyers. The characteristics and economics of infrastructural
technologies, whether railroads or telegraph lines or power generators, make it

inevitable that they will be broadly shared—that they will become part of the general

business infrastructure. ‘ Nicholas Carr in Harvard Business Review, 2003 e https://hbr.org/2003/05/it-doesnt-matter



Investment to Create and Deploy

Integrated Healthcare Platforms

The trap that executives often fall into, however, is assuming that opportunities for advantage

will be available indefinitely. In actuality, the window for gaining advantage from infrastructural
technology is open only briefly. When the technology’s commercial potential begins to be
broadly appreciated, huge amounts of cash are inevitably invested in it, and its build out
proceeds with extreme speed. Railroad tracks, telegraph wires, power lines—all were laid or
strung in a frenzy of activity. In the 30 years between 1846 and 1876, reports Eric Hobsbawm in
The Age of Capital, the world’s rail trackage increased from 17,424 km to 309,641 km. During
this same period, total steamship tonnage also exploded, from 139,973 to 3,293,072 tons. The
telegraph system spread even more swiftly. In Continental Europe, there were just 2,000 miles

of telegraph wires in 1849; 20 years later, there were 110,000 miles. The pattern continued with

electrical power. The number of central stations operated by utilities grew from M B

- 2o

468 in 1889 to 4,364 in 1917, and the average capacity of each increased tenfold.

Nicholas Carr in Harvard Business Review, 2003 e https://hbr.org/2003/05/it-doesnt-matter



Platform Synthesis?

Integrated health data — simulate equivalent of industrial digital twins



https://www.altoros.com/blog/optimizing-the-industrial-internet-of-things-with-digital-twins/

Digital Twin of Plant
Explore — Industrial “Digital Twins” here https://dspace.mit.edu/handle/1721.1/104429

Actual Plant



https://dspace.mit.edu/handle/1721.1/104429

Medical Digital Twins of individuals or patients may use machine learning and Al tools (eg CNN) to
analyze and correlate data — for example — what is the physiological status or risk to the individual
if the respiratory rate is low, end tidal carbon dioxide is low but blood pressure is in normal range.

Bl heades crgnm wsl DT

[r T

Oy -

Navigate network of autocorrelations and build optimized

ensembles of machine learning models
www.altoros.com/blog/industrial-internet-is-powering-more-efficient-well-drilling-for-oil-and-gas



http://www.altoros.com/blog/industrial-internet-is-powering-more-efficient-well-drilling-for-oil-and-gas/

Pursuit of Ideas

Let us re-visit
nanotube
radios



The Industrial Internet
The Industrial Internet of Things

The Industrial Internet of Healthcare

Megative
alactrode

nanotube

Paositive
electrode

A i 17
r'l L..’..II Itu'l o
' Radio signal

Nanotube Radio

Blood Glucose Nano-sensor

NanoLetters (2004) 4 1785-1788 NanoLetters (2007) 7 3508-3511



What about biological
radios inside our body?
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CPhl IN MADRID
Optimism unstoppable at
fine chemicals expo P18
CHEMCENSUS TURNS 30
ACS member makeup and

CHEMICAL & ENGINEERING NEWS earnings in review P.30

TERAHERTZ IMAGING

Technology could aid disease diagnosis
but faces challenges P.10

0mmmmmm

http://bit.ly/Terahertz-Imaging
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Proteins are Radios

We can detect, diagnose and correct RF radiation.

Can we?

Some of the material presented in the next section were sourced from Dr Ogan Gurel http://bit.ly/OGAN-GUREL-BIO
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_ . The prel Prize in
Protein Electrodynamics | ilis

Nature Vol. 267 16 June [977

Photo: A. Mahmoud Photo: A Mahmoud Fhoto: A. Mahmoud
Martin Karplus Michael Levitt Arieh Warshel

Prize share: 173 Prize share: 1/3 Prize share: 1/3

®
a I tlc es The Nobel Prize in Chemistry 2013 was awarded jointly to

Martin Karplus, Michael Levitt and Arieh Warshel "for the
development of multiscale models for complex chemical
systems”.

Dynamics of folded proteins

J. Andrew McCammon, Bruce R. Gelin & Martin Karplus

Department of Chemistry, Harvard University, Cambridge, Massachusetts 02138

The dynamics of a folded globular protein (bovine pancreatic
trypsin inhibitor) have been studied by solving the equations
of motion for the atoms with an empirical potential energy
Juncrion. The results provide the magnitude, correlations and
decay of fluctuations about the average structure. These
suggest that the protein interior is fluid-like in that the local
atom motions have a diffusional character,



Seminal contribution to the field of protein electrodynamics by Martin Karplus, Harvard University

wild typ c-Src glycine mutations in SH2-SH3 linker

Fig.5. Structure and dynamics of the Src and Abl kinases. (Left) The structures of c-Abl (green) and ¢-Src
(red) are shown superimposed on their SH2 and SH3 domains (69, 70, 75). Note the dissimilarity in the
conformation of the kinase domains. (Center and Right) The results of unbiased molecular dynamics
simulations of c¢-Src. Residues in different domains that move in a correlated manner in the simulation are
linked by a red line. These correlations were calculated by superimposing each instantaneous structure in
the simulation on the C-terminal lobe of the kinase domain, and motions that are correlated to the
C-terminal lobe are removed by this procedure. (Right) The mutation of residues in the SH2-5H3 linker to
glycine reduces the correlation in the dynamics of these domains. Similar results were obtained for c-Abl.
(Modified from refs. 8 and 75.)

Karplus and Kuriyan PNAS | May 10,2005 | vol.102 | no.19 | 6683




Proteins Absorb Radio Frequency (RF) at the TeraHertz Range
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Terahertz 101

Light with submillimeter wavelengths and a frequency
range of roughly 0.1 to 10 THz, or 3 to 300 cm}, is known -
as terahertz ra- } ey i
diation. It can R o N b\, i3

penetrate plastics,

paper, and textiles, but it is absorbed strongly by water, making it a sensitive probe of
biological tissue. Unlike the relatively high-frequency stretching and bending motions
that infrared light induces in individual water molecules (above), THz light causes groups
of water molecules to coalesce and disassemble repeatedly (left).

Radiowaves  Microwaves Infrared Visible light  Ultraviolet X-rays Gamma rays
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Frequency scale S N~ S J
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Axioms of Protein Electrod

NaMICS

1. Proteins Vibrate |

2. Proteins Are
Charged

The Poisson-Boltzmann Equation

Science

Terahertz radiation from bacteriorhodopsin reveals

PNAS

correlated primary electron and proton

transfer processes

G Groma® 1 Hablieg®. |2 Cacra, &V

Axioms of Protein

4. Proteins emit ﬂnchumngm:ﬁl:
racation at 2 frequency earresponding
to their vibrational motions

1. Proteins vibrate

2 Proteins are composed
of charges and dipoles
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Electrodynamics

5 Protems absorb mdisbon at their
vibrational mode frequencies
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This material was compiled by Dr Ogan Gurel @ http://bit.ly/OGAN-GUREL-BIO

Time (ps)

4. Proteins emit
THz radiation
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Optical measurements of long-range
protein vibrations

nature

9. Proteins absorb
THz radiation
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Absence of Protein ® Absence of Vibration
Concept of protein vibration as a signature

Police Tool Targets Guns

Kelly Says 'T-Ray’' Can Indicate a Firearm Under Clothing

By TAMER EL-GHOBASHY
an. 23 3020 pm ET
The New York Police Department is testing a new device it says can detect firearms
concealed beneath layers of clothing, a high-tech crime-fighting tool seemingly torn
from the pages of science fiction.

The so-called T-Ray machine detects terahertz radiation, a high-frequency
electromagnetic natural energy that is emitted by people and can penetrate many
matenals, including clothing.

"If something is obstructing the flow of
that radiation, for example a weapon, the
device will highlight that object,” said
Commissioner Raymend Kelly, who
described the device Wednesday in a
speech at the Waldori-Astoria Hotel.

MNews of the device prompted concerns
from privacy advocates, though they also
saw a potential benefit: It might render
unnecessary the legally disputed police
policy of stopping and frisking people who haven't been first identified as suspects in
crimes.

Enlargs mage

The T-Ray machine. NYFD




TeraHertz Medicine
Concept of protein vibration as a signature

* |sthe protein signature sufficiently specific as a tool for protein structure, conformation and configuration?

e Can it be used for diagnosis to differentiate between normal and mutant proteins or degraded products/peptides?

|II

e Can RF modulation reconfigure protein structure to activate “normal” function or detect/deactivate harmful proteins?

| _ Can one influence protein  [FEE—
D_'D ditterent protemns function by modulating their
vibrate at different vibrations?

frequenciesr How far might protemn

Yes

electrodynamic wave tields

. . be expected to propacater
Protein motion P propag

.
anharmnnlclty:

how significant? Could protemns

communnicate “over
|
a distance’? e
Can we 1dent1f}r different

proteins based on their . .
Could protein electrodvnamics
SPE:CtIum? Yes, but not easy (now) -

: : . T
—— mediate spemﬁc attractive

forces between proteins?

Diagnosis Treatment

This material was compiled by Dr Ogan Gurel e http://bit.ly/OGAN-GUREL-BIO



http://bit.ly/OGAN-GUREL-BIO

Key technical challenges in TeraHertz Medicine

Concept of protein vibration as a signature is clouded by water

The “noise” from RF vibration of water molecules may significantly distort the TeraHertz profile.
How do we correct the error due to this (Shannon) “noisy channel” related to water?
Is this a signal processing issue? Can novel algorithms subtract the “noise” due to water?

What about the application of the principles of (Shannon, Kalman-Bucy) error correcting algorithms?
https://en.wikipedia.org/wiki/Kalman filter

http://news.mit.edu/2010/explained-shannon-0115
http://www.cs.cmu.edu/~guyb/realworld/errorcorrecting.html
http://www.cs.cmu.edu/~aarti/Class/10704/lec16-shannonnoisythrm.pdf

[These suggestions are due to SD]

m Range: 0.2 - 1THz for biomedical applications
(e.g. proteins)

m Tunability: cw spectroscopy
(water windows)

1 T L w o wegewm cp el o o o

m Pulsed: (~ 10 ps) LR
Minimize water e U I AN PR /LN I VA
relaxation effects i Lﬁé’[‘,ﬁu an — ;
i “ Py " s 2

= High power: ) Phlpee D EIE ]

PREQUENCY (GHa!
Optics Express (2011),19(9) |

Beer-Lambert, etc.

http://bit.ly/OGAN-GUREL-BIO
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http://www.cs.cmu.edu/%7Eguyb/realworld/errorcorrecting.html
http://www.cs.cmu.edu/%7Eaarti/Class/10704/lec16-shannonnoisythrm.pdf
http://bit.ly/OGAN-GUREL-BIO

Data Curation Concepts from Laminar Flow in TeraHertz Medicine?

Can we subtract RF vibration due to water from protein vibration?

The data (TeraHertz profile) is a mix of RF due to water and protein (which needs to be separated).
Is this a data curation problem? Are we observing related signal/noise issues in big data analytics?
Are there any concepts related to data curation which may be triggered by laminar flow?

http://bit.ly/LAMINAR-FLOW-DATA-CURATION-CONCEPT

[These suggestions are due to SD]

8 [
#,,,, o
‘The gtraws then force lh(, aler:
tg flow in parallel paths ik
creating Laminar Flowies
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What if | want only one
take-away from MloT?

http://bit.ly/IOT-MIT explore HEALTHCARE
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Reality Check M Arsenic in Water (Bangladesh)




Health loT — Impact of Clean Water
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Advancing the vast landscape of Medical loT

® Dr Julian Goldman — Massachusetts General Hospital — www.mdpnp.org

e Professor Dina Katabi — Massachusetts Institute of Technology — Wireless Lab, MIT

® Dr Gary Gottlieb — Former CEO, Partners; CEO, Partners in Health (www.pih.org)

e Dr Atul Gawande — Professor of Surgery, Harvard Medical School (www.ariadnelabs.org)

® Dr Pietro Valdastri — Professor of Mechanical Engineering, Vanderbilt University (STORM)

e Dr Prashant Jain — DOTRI (Los Alamos National Lab) http://bit.ly/EMG-BioFeedback

e Dr Ashis Banerjee — University of Washington https://sites.google.com/site/ashisbanerjee/

e Dr Gin Jose — University of Leeds http://bit.ly/BLOOD-FREE-BLOOD-GLUCOSE

e Dr Ram Dantu — University of North Texas http://www.cse.unt.edu/~rdantu/

® Please review - http://bit.ly/IOT-MIT

® Security = http://bit.ly/SECURITY-HIT-NIST

® For potential R&D test beds please contact Dr Shoumen Palit Austin Datta, MIT / MGH-HMS e shoumen@mit.edu



http://www.mdpnp.org/
http://wireless.csail.mit.edu/
http://www.pih.org/
http://www.ariadnelabs.org/
http://bit.ly/EMG-BioFeedback
https://sites.google.com/site/ashisbanerjee/
http://bit.ly/BLOOD-FREE-BLOOD-GLUCOSE
http://www.cse.unt.edu/%7Erdantu/
http://bit.ly/IOT-MIT
http://bit.ly/SECURITY-HIT-NIST
mailto:shoumen@mit.edu

http://bit.ly/HEALTHCARE-RESOURCE-01

Thank you — but | have created nothing new

This document suggests ideas and comments which are neither original nor the
outcome of the author’s research or creativity. The synthesis of existing facts and
weaving them to propose new streams may be attributed to the author. The
author has no claim or rights over the data, visuals and graphics used in this
document. The material is sourced from the world wide web and expressly used
for the sole purpose of explaining thoughts presented in this document. This
presentation may be shared with anyone and disseminated or used for non-

commercial or academic purposes. shoumen@mit.edu » www.mdpnp.org



mailto:shoumen@mit.edu
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http://bit.ly/HEALTHCARE-RESOURCE-01

Dr Shoumen Palit Austin Datta

MIT Auto-ID Labs and ICRI, Research Affiliate, Department of Mechanical Engineering, Massachusetts Institute of Technology » shoumen@mit.edu

Senior Scientist, MDPnP Lab Medical Device Interoperability, Massachusetts General Hospital, Harvard Medical School = sdatta8@mgh.harvard.edu


mailto:shoumen@mit.edu
mailto:sdatta8@mgh.harvard.edu
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