fref %

( 1_'L|) Boston Children’s Hospital Computational Health Informatics Program “%¢

Kenneth D. Mand|, MD, MPH
Director, Computational Health Informatics Program
Boston Children’s Hospital

Professor of Biomedical Informatics and of Pediatrics
Harvard Medical School

mand|



(l‘.-LP Computational Health Informatics Program "¢

Virginia 2011

,,\ |
AL By




Computational Health Informatics Program

100%

80"%

®
r
S o SACRAMENTO,
O
©
o
-
L aox
©
. — 0-25 mi
- - 25-50 mi
= 50-75 mi
== 75-100 mi
9:00pm 11:00pm 1:00am 3:00am 5:00am 7:00am 9:00am

We wish all the people in the Bay Area who were affected by the earthquake a speedy recovery and a good night's sleep.
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But 6 years later, we have an infrastructure that shows
the clinician, one patient at a time, what he or she
typed in in the past--a very narrow slice of big data
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. The Tapestry of Potentially High-Value Information Sources That May be Linked to an Individual for Use in Health Care

STRUCTURED DATA

UNSTRUCTURED DATA

TYPES OF DATA 1

A
Electronic 1| Medication Medication aSadicai3
pill dispensers prescribed instructions e
oTC Diaries
Medication medication Medication filled Dose Route Allergies Herbal remedies
Alternative
Out-of-pocket :
NDC RxNorm expenses theraiples
Demographics HL7 %’
Encounters Employee sick days Visit type and time Chief complaint §
Diagnoses Death records SNOMED ICD-9 Different.ial g
Pt diagnosis a
Procedures CPT ICD-9 = ;5;
PERSONAL e e e LOINC Pathology, 8
Diagnostics (ordered) HEALTH i histology REPORTS =1
RECORDS ECG Radiology . S
. . Lab values, “TRACINGS: - =
Diagnostics (results) vital signs . IMAGES - E
Genetics SNPs, arrays : P 3
Social history Tobacco/alcohol use .-DIGITAL-, & = | i BLOGS —
—— ' ‘CLINICAL: ~ k-
Family history ncestry.con ° NOTES... . -
Symptoms ndirect m OTC purchast = PHYSiCAL : TWEETS ;;-
] TTEe T ‘EXAMINATIONS! ry
Lifestyle aQ Irr rtr ﬁr] trr . .. -
Socioeconomic 7 Census records, Zillow, LinkedIn = : Cfflx\lﬁ(EZ’}\L
Social network Facebook friends, Twitter hashtags =“NOTES-
. Climate, weather, public health databases, . : S s
Environment HealthMap.org, GIS maps, EPA, phone GPS News feeds v

-

Probabilistic linkage to validate existing data or fill in missing data

Ability to link data to an individual
= Easier to link to individuals

Examples of biomedical data
! | Health care center (electronic
health record) data i
DClaimsdata Registry or clinical trial data " ArEErRe HaE Re neeu s
= Only aggregate data exists L f
Data outside of health care system More Less

Pharmacy data
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Adding Context is Powerful
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Predictive Medicine: Domestic Violence
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' AM A The Journal of the
American Medical Association

B Viewpoint | October 20, 2014 =3

Ebola in the United States: EHRs as a Public Health Tool at the Point of Care
Kenneth D. Mandl, MD, MPH

B PoF

This Viewpoint discusses how health information technology and electronic health records (EHRSs) could be transformed into
platforms for public health responses to disease.

Topics: ebola virus; ebola virus disease; public health medicine; electronic medical records

JAMA. Published online October 20, 2014, doi:10.1001/ama.2014.15064
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No Small Change for the Health Information Economy
Kenneth D. Mandl, M.D., M.P.H., and Isaac S. Kohane, M.D., Ph.D.

‘ he economic stimulus package

A signed by President Barack
Obama on February 17 included
a $19 billion investment in health
information technology. How can
we best take advantage of this
unprecedented opportunity to
computerize health care and stim-
ulate the health information econ-
omy while also stimulating the
U.S. economy? A health care sys-
tem adapting to the effects of an
aging population, growing expen-
ditures, and a diminishing primary
care workforce needs the support

of a flexible information infra-
structure that facilitates innova-
tion in wellness, health care, and
public health.

Flexibility is critical, since the
system will have to function under
new policies and in the service of
new health care delivery mecha-
nisms, and it will need to incorpo-
rate emerging information tech-
nologies on an ongoing basis.
As we seek to design a system that
will constantly evolve and encour-
age innovation, we can glean les-
sons from large-scale information-

technology successes in other
fields. An essential first lesson
is that ideally, system components
should be not only interoperable
but also substitutable.

The Apple iPhone, for example,
uses a software platform with a
published interface that allows
software developers outside Apple
to create applications; there are
now nearly 10,000 applications
that consumers can download and
use with the common phone in-
terface. The platform separates
the system from the functional-
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Bloodwork Cardiology Result

Patient info
John Doe

M 49 01/10/1961

About this test
r i

Your results

CRP level test

LDL “bad” cholesterol

HDL “good" cholesterol

Vour rick V v [

Quitting smoking:

oroeren BY: Dr. Francis Pulaski
Bellevue Medical Centre

COLLECTED:
RECEIVED:

High risk of cardiovascular disease

Your risk would be lowered to
12%

10%

6%

ReynoldsRisk.org

Ask your doctor Consider retesting
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No Small Change for the Health Information Economy
Kenneth D. Mand|, M.D., M.P.H., and Isaac S. Kohane, M.D., Ph.D.

he economic stimulus package

signed by President Barack
Obama on Eebruary 17 included
a §19 billion investment in health
information technology. How can
we best take advantage of this
unprecedented opportunity to
computerize health care and stim-
ulate the health information econ-
omy while also stimulating the
U.S. economy? A health care sys-
tem adapting to the effects of an
aging population, growing expen-
ditures, and a diminishing primary
care workforce needs the support
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of a flexible information infra-
structure that facilitates innova-
tion in wellness, health care, and
public health.

Flexibility is critical, since the
system will have to function under
new policies and in the service of
new health care delivery mecha-
nisms, and it will need to incorpo-
rate emerging information tech-
nologies on an ongoing bas
As we seek to design a system that
will constantly evolve and encour-
age innovation, we can glean les-
sons from large-scale information-
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technology successes in other
fields. An essential first lesson
is that ideally, system components
should be not only interoperable
but also substitutable.

The Apple iPhone, for example,
uses a software platform with a
published interface that allows
software developers outside Apple
to create applications; there are
now nearly 10,000 applications
that consumers can download and
use with the common phone in-
terface. The platform separates
the system from the functional-
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Can EMRs behave
like iIPhones or
Androids in that
iInnovators
readily create and
widely distribute
SUBSTITUTABLE
apps across
thousands of
installs?
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Bloodwork Cardi0|ogy Result A e ORDERED BY: Dr. Francis Pulaski

Bellevue Medical Centre

Patient info Jepactamed.eo

nave: John Doe
COLLECTED:! 1/ 01
ENDER: M 49 01/10/1961 RECEIVED: 11/ 01
About this test
This report evaluates your potential risk of heart disease, heart attack, and stroke
Your results
CRP level test
Low risk Average High risk of cardiovascular disease
Total cholesterol level
Desirable Borderline High
LDL “bad” cholesterol
Optimal Near Borderline High Very High
Optimal high
HDL “good"” cholesterol
Normal High

Your risk You s

rmal Your risk would be lowered to
! ! 12%

10% m

6%

ReynoldsRisk.org

What now?

Diet & exercise- Quitting smoking- Ask your doctor Consider retesting
1 u I rease )i r 1t
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AVL < AlexLlewis > Challenge Judge - Logout

m
Bloodwork Cardiology Result ’ e vald for non-labe
elth SMART Patient info Current smoker?
[ndivoheaitn s JoshuaLovs e Alex Lewis Family history of heart attack?
» M 71 pos: 1939-09-12 12 Systolic blood pressure
About this test =] = G E o
T

his report evaluates ease, hear e oua v 9 v E #®

yol ack P Your Results

CRP level test

@ ot About thistest
Lowrisk  Average. High risk of ardiovascular disease

MyNote

Y]
f1o our Results Totalcholesterol level

A i
b

Shurng LDL "bad" cholesterol

Optimal Near  Borderline High  Very High
m Optimal  high

HDL "good" cholesterol

Your risk You show an elevated risk c rdiovascular disease
: e e
ok J‘ o % ti
>A your e I g%ty u
[ R—
What now? .

CHIP - HMS 5
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v < AlexLewis > Challenge Judge

5 M R T Med List English s Regular &

/7 Patient List - -
ucation Pharmacy < Alex Lewis > Challenge Judge
( R ) )
' Cardiac Fisk www.meducation.com Health & Wellne
Polyglot Systems, Inc.
o linical Research 2000 Aerial Center Park )
EEIEEE Morrisville, NC 27560 l . - ry ry
UO1WKGYV ¥ CMI De v v
e (919) 653-4392 Med List emos Spanish Regular
X ial .
H\H Coumadin Tablet 5 mg
$‘ Med Risk Map: How to take medicine
) e Pharmacy
‘, Meducation www.meducation.com R/ Health & Wellness
M Y . Polyglot Systems, Inc.
W MyNote = —— 2000 Aerial Center Parkway
Breakfast Dinner Bedtime 0 WEG 3R Morrisville, NC 27560
1 e (919) 653-4392
Take one (1) pill each time. Coumadin Tablet 5 mg
Instructions Coémo tomar el medicamento
Swallow the medicine ng or chewing it Tome el medicamento por la boca una vez al dia.
This medicine may out food. ke the medicine by mouth once & da;
icine at about the same time every day. It will work best if \6,
~AX
v " v
\D/ - —_— -
Desayuno Almuerzo Comida Al acostarse
1
Tome una (1) pastilla cada vez
3/ SETTINGS 4 LOGOUT .
X = Instrucciones
|nd|vohea|th for John Smith Trague el medicamento sin aplastarlo o masticarlo.
Este medicamento se puede tomar con o sin alimentos 2
Mary John S. Smith Joshua Lewis
Med List M Demo: Spanish + ) Regular $
Healthfeed

Inbox

ucation.‘ = Pharmacy

Health & Wellncs
Cardiac Risk ot .

(LA
02E

e

o 2000 Aerial Center Park
M DxSocial Morrisville, NC 2756
Social 919) 6534392
Coumadin Tablet 5 mg
M

w =D Cémo tomar el medicamento
Tome el medicamento por la boca una vez al dia

v Meducation

M Sharing

Amuerzo

L
=

Get more apps
Tome una (1) pastilla cada vez

G 4

App Settings
Instrucciones
Trague el med

nento sin aplastarlo o masticarlo.
se puede tom:

Este medicament o sin alimentos.
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Blood Pressure Centiles Allen Vitalis (male, DOB: 23 Nov 2004, MRN: 99912345) SMART
6y 11m, 117 cm, male, 105/64 mmHg ’
Y
Systolic Diastolic B| d P C t| %\L'
. 00 ressure centiies itali : :
s [N EIl mHo 820/ /750/ Allen Vitalis (male, DOB: 23 Nov 2004, MRN: 99912345) SMART
(1] L]
i =
Height - g cm mmHg
99% - 119 / 82 mmHg . felp >
Gend
ender €@ Male @ Female 95%‘ -113/75 mmHg 150
90‘% -109 /71 mmHc 140 26 Aug 2011 - Ambulatory
B Patient: 8y 9m, 117 cm, male
et BP: 107/65 mmHg (86%/77%)
120 Other: Right Arm, Sitting, Machine
Note: Only ambulatory blood pressures are displayed 110 \ 0% 3 ‘-:J
100 &
90
80
70
g 3%
50 Blood Pressure Centiles Allen Vitalis (male, DOB: 23 Nov 2004, MRN: 99912345) SMART
40
30
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0
15Jun 201
85%
0,00 2
o <
90% o 0
Note: Only ambulatory blood o ' .(’Q
50%. ° 6
30%
]
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95%
o O
- 80 % 23 M bt ° ° 6
ay 2008 - Ambulatory Pl e 0 9° 7
unning on Y ] 00
. ° BP: 100/54 mmHg (71%/66%) =
%9 @ Otner: Left Leg, Sitting, Machine o
30%
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HO: Boy C ) b John Smith Jr.
t Q@ Lenagt 60 cm
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e e = I o e : |
38.9 cm
' O BMI




( 1_'L|) Boston Children’s Hospital Computational Health Informatics Program

® 00 Trial Eligibility x”
Trial Eligibility
n [Male] [ 430J]y
| Boston, MA |
rheumatoid arthritis + methotrexate Cancel Refresh

Intervention / Observation Trial phase

@ Biological (14) « N/A (8)

Device (1)

Dietary Supplement (1)

& Phase 1 (8)
 Phase 2 (23)

™ Drug (69) & Phase 3 (17)
Observational (14) & Phase 4 (26)
Other (4)

Procedure (1)
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< Amy Shaw > Neelima Karipineni - Logout
WV :
Immunization Record SMART Application

SMART

References
/ Patient List
!E Alerts Amy Shaw (female, DOB: 2007-03-20) Show Allergies
7 o API Playground Vaccine Due Doses
ROTAVIRUS 5/1/12 5/24/07
V) R DTAP 3/1/12 9/27/07
,,,,,, ‘ HepB 1/2/12 - 2/1/12 9/27/07
v B Lentiles
POLIO 3/1/12 9/27/07 1/27/11 5/27/11
irect Mes 3 HPV 1/1/23 - 1/1/24
__" MENING 1/1/23 - 1/1/24
ag) EMR View (Dev) HepA 1/1/13 - 7/1/13
Not indicated - Patient not yet
) Med List ZOSTER indicated for ZOSTER vaccine
VARICELLA 1/1/13 - 4/1/13
H | My App HIB 3/1/12
MMR 1/1/13 - 4/1/13
)\ Problems PneumoPCV 3/1/12 - 4/1/12

Not indicated - Current date is not

FLU within influenza season
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** Associate Attending(s) **

Age: 18 years D0oE: 9/28/1993 sex: Male
** No Known Allergies ** BsA: 1.79m2 weight for Calc: 64.7 kg [07/24/2012] Outpatient [08/01/2012 13:02 - 08/01/2012 23:59]
Find: ] D |Starts with Zl Type: Ea |F'resoliptions Zl

. . o\
Bmercaptopunne 10 mg/mL oral Lig (compot “” e

macatopte 10 ng/n i conen. (O Patient with TPMT Deficiency

DRISCOLL. ALEXANDER has a documented problem of TPMT - Thiopurine
methyltransferase deficiency. Thiopurine methyltransferase (TPMT) is the
enzyme responsible for the metabolism of mercaptopurine. Patients with TPMT -

Thiopurine methyltransferase deficiency MAY require REDUCED doses of
mercaptopurine.

Please page the Pharmacogenomics Service (pager #7454) if further information
IS required.

Alert Action
" Cancel order

" Acknowledge and override

" Modify

| 0K I‘
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# cosHooks Demo ([ Pwenven o | (LT

Rx View
Patient: Daniel X. Adams ID: 1288992

Treating:

Choose a problem j

Medication:

mercaptopurine 10 MG Oral Tablet

Take 1 ¢ pillbymouth daily j
Start date End date
2016-11-27 2016-12-27

TPMT - Thiopurine methyltransferase deficiency
Daniel X. Adams has a documented problem of Thiopurine Methyltransferase (TPMT) deficiency. TPMT is the enzyme
responsible for the metabolism of mercaptopurine. Patients with TPMT deficiency MAY require REDUCED doses of

mercaptopurine.

Please page the Pharmacogenomics Service (pager #7454) if further information is required.

SMART Health IT — About CDS Hooks — Rx Demo source code
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iPad & 11:01 AM f 83% mm) \

MRN Search

V.

SMART"

{ Genomics: Precision Cancer Medicine °

Enter an MRN number below

Search

Powered by E? VANDERBILT

This work was supported by grant ONC 90TR0001/01. The funder had no direct role in application design, software development, or decision to publish.

Copyright © Vanderbilt-Ingram Cancer Center

\7/A /AA »
SMART™ FHIR®

MRN Search P: t Search About J
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Diagnosis: Lung Cancer
Mutation: KRAS G12C

Mutated Genes Observed in Lung Cancer

EGFR

Observed Variants in Lung Cancer Patients
with KRAS Mutation

Gia2v
KRAS
Not Detected

612C

G128
G12R

|I

MAP2K1 "\

A gene mutation was detected in this patient, so variant
level information is also provided. They have the most

common variant of KRAS seen in the lung cancer population.

Patient Search

¥ 83% W}
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Big Data Mashups:
e.g., Personalized Medicine

William Robinson

* SMART Genomics Advisor

® Linkage to external

1965-08-09 47

d eCi S | on su p pO I‘t | o famay et .

157202877 0.95 81.0% Dataformat: 23andme
n / ) 55753037 093 372%  Current Medications
Se rVI CeS \ ' 183087243 08 494% Chantix, Pramipexole, rosuvastatin, pantoprazole,
2 s 183625952 064 434% glimepiride, Ramipril, Nitroglycerin, montelukast,
LI 181990760 118 36.2% Doxycycline, Ramipril, Chantix, Niacin, Simvastatin
M Stoans s B Simvastatin, glimepiride, Metformin, Niacin, Atenolol
/ P h a rm a Cog e n O m I C 153184504 : 074 0% Clarithromycin, clopidogrel, celecoxib
Total Relative Risk: 0.51
Type 2 Diabetes Radar Graphs
152877716 ADCYS 1.05 59.3%
ru | e Sets 152363208 CDKN2A 088 26.2%
154402960 IGF2BP2 092 46.2%

KCNQ1 1.03 86.5%
NOTCH2 097 79.9%

- - N
/ ‘ THADA 103 81.4%
Decision support
Total Relative Risk: 0.83
Hypertension

for doctors
1517367504 MTHFR 1.03 74.0%
153184504 SH2B3 0.93 28.1%
Total Relative Risk: 0.99

Coronary Heart Disease
151746048 CXCL12 0 1.05 706%
153184504 SH2B3 0.89 30.2%
156725887 WDR12 0.95 740%
Total Relative Risk: 0.89

Disease Information

Patient s not at increased genomic risk for any Diabetes related comorbidities

Drug Advice

SNP Advice

1520455 Patients with the AA genotype who are treated with statins may have a decreased. but not absent. risk for adverse cardiovascular
events as compare to patients with the AG or GG genotype. Other genetic and clinical factors may also influence a patients risk for
adverse cardiovascular events.

152306283 is not associated with decreased plasma AUC of pravastatin

154149056 A person with this genotype may have no increased risk of simvastatin-related myop:




Who's Who Of Health Care Join Forces For
SMART Technology

+ Comment Now  + Follow Cor

In the new app-driven health economy, ease of use of IT for
providers and patients is a must. Equally important is a sound
technical approach and business plan for application creators
looking for success, sustainability, and a large nnrket for the1r
innovations. Under the leadership of Boston Chi spital’s
Drs. Kenneth Mandl, Isaac Kohane, Joshua Mandel 'md an 'ld\lSOI‘\ e —

Now the colors yo
stay the colors yo

® Clayton Christensen, HBS ® Lily

® American Medical Association ® MyHealthBook
® The Advisory Board Company
® AARP

® Blue Cross Blue Shield Association

® BMJ

® Canadian
Research

® CMS
® HCA

Institutes

® Polyglot Systems
® Premier

® Surescripts

of Health ® UK NHS

® Quest
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EHR Vendors Implementing SMART API

Health systems standardizing on SMART

MU3 Policy requiring apps for patients

Vendor implementation of S45—patient access
ONC/CMS Imprimatur and $ for Gallery
Decision Support Model

SMART Genomics (PMI)
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Boston Children’s Hospital
Duke Medical Center
Intermountain

Geisenger

?Partners?
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- App Gallery =

Browse Apps Organizations Build an App About SMART

You are here: Home

‘& Category 1% Name AtoZ ~ 32 apps i | i=
® All
Clinical Care
. a
Clinical Research > = = __ — -
Patient Education N ST o — 8
W Tags AND | OR
T CTT E.
Discharge planning
oooooo
Skill-based learning -
Asthma & Allergies
Cardi 5 A
Cardiovascular AppWorks BMJ Content Discovery BP Centiles
Diabetes
Medications e —
Pediatrics _
Rheumatolo —
e aqy .
Diagnosis —
Consistent workflows and evidence based Clinical Decision Support
Reference _— e
DSTU2 .
£ s o
™ Tech
Open Source e . A
pel Bilirubin Chart Cardiac Risk Carefluence
i0S App
N —
—
— o = - = = I
- _ -
S— B — —
..
% C—
.. e I
I
Cerner HIE on SMART ClinDat Crimson Care Management
[ - — - .
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The NEW ENGLAND
JOURNAL of MEDICINE

HOME ARTICLES & MULTIMEDIA ~ ISSUES ~ SPECIALTIES & TOPICS « FOR AUTHORS v CME »
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Perspective

Time for a Patient-Driven Health Information Economy?

Kenneth D. Mand|, M.D., M.P.H., and Isaac S. Kohane, M.D., Ph.D.
N Engl J Med 2016; 374:205-208 | January 21, 2016 | DOI: 10.1056/NEJMp1512142

Share: n » Ea inf+

Article References Citing Articles (7) Metrics

As patients strive to manage their own health and ilinesses, many wonder how to get a copy of their
health data to share with their physicians, load into apps, donate to researchers, link to their
genomic data, or have on hand just in case. To seek diagnosis or better care (see table), many
patients are taking steps outside traditional doctor—patient relationships.

Some join 23andMe to obtain genetic information. Others bring data to the

Undiagnosed Diseases Network at the National Institutes of Health (NIH).

Patients are coalescing with others with the same disease in what the

Patient Centered Outcomes Research Institute calls patient-powered gﬁﬁﬁﬁg g:ﬁ:g?f for
research networks. But such patients have found no easy way to get copies Controlled Data.

of their electronic health records (EHRs).
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Goal: helping patients share EHR data w/researchers

PMI is one early S4S "customer" (research study).
There will be lots more, if we're successful.

Approach: SMART, FHIR, Argonaut, and MU3 API
certification requirements

Collaborators: Government (NIH, ONC, OSTP), EHR
vendors (Allscripts, athenahealth, Cerner, drchrono,
eClinicalWorks, Epic, McKesson)

Timeline: testing vendor implementations Q3 2016,
deploying to
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A Foundation for Discovering Clinical
Health IT Applications

June 1, 2016, 11:00 am / Karen B. DeSalvo, Former National Coordinator for Health IT, and
Andy Slavitt / Acting Administrator, CMS

Every day across America, health information technology (health IT)
professionals and development teams are creating interoperability
solutions using application programming interfaces (APIs). As this surge
of innovation grows with each passing year, the likelihood that teams
across the nation are creating similar or duplicative health IT
applications is also increasing. Unfortunately, our capability to search
for, discover, compare, and test existing applications has been limited
and this lack of available information may contribute to a lag in the
diffusion of innovation across the health IT application ecosystem.

Earlier this year, the Office of the National Coordinator for Health
Information Technology (ONC) announced its vision for Connecting and
Accelerating a Fast Healthcare Interoperability Resources (FHIR) App
Ecosystem, with a total of $625,000 in funding support. This strategy
expressed three complementary goals: 1) help consumers get and use
their data; 2) improve user-experience for providers; and 3) coordinate open information about
market-ready electronic health record (EHR) app solutions.

Today, we are excited to announce that Boston Children's Hospital, has been awarded
approximately $275,000 to address our stated third goal of coordinating open information about
market-ready EHR app solutions. This new cooperative agreement will support the development of
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https://www.healthit.gov/buzz-blog/from-the-onc-desk/foundation-discovering-clinical-health-applications/
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