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12b2 Star Schema can adapt to Multiple

visit_dimension
patient_dimension observation_fact PK | Encounter Num
- 1 observation_fact 1
PK | Patient Num PK | Patient Num Start Date
PK | Encountar_ Mum £ | Patient Num End _DEtE!
Birth_Date an PK | Conc ﬂbSEWﬂtiﬂﬂ_faCt m o ACtI;E Status CD
vty PK | Qbse i cD Location_CD*
Vital_Status_CD PK | Start| PK | Patient Num r CD o0 -
Age Num* - | PK | Modi PK | Encounter Num ;te \
Gender_CD* PK |Insta| PX |Concept CD  CD « ] observer_dimension
Race CD* PK | Observer CD > Num
Ethnicity CD* End PK | Start_Date PK | Observer Path
-| PK | Modifier CD -
ValTy ©
TVal PK | Instance_Num CD Observer_CD
NVal| ar Name_Char
i End Date Im
Valug —
concept_dimension Obse ValType_CD 1g_CD o0
TVal_Char tion Blob modifier_dimension
PK | Concept Path NVal Num -
o0 VE'UE‘_HEQ CD PK | Modifier_Path
Concept_CD Observation_Blob _
Name_Char Modifier_CD
Name_Char




Adapts to
OMOP
_ FACT TABLES
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Connect to OMOP by building ontology of OMOP

standard concepts

Tavgatstome | 20 > e

5} OMOP Conditions
=51 1ICD9 Diagnoses
[51 circulatory system
@ {31 Conditions in the perinatal period
[51 congenital anomalies
[51 Digestive system
[&] Endocrine disorders
[51 Events of pregnancy
{531 Genitourinary system
[5] Hematologic diseases
[51 Infectious and parasitic diseases
[5] Injury and poisoning
{51 Mental Disorders
] Ecﬁ Metabolic and immunity disorders
@l and connective tissue

g tome | 220 siej

avges o || LN

(LT

=1/} OMOP Medications (RxNorm)
B ,ﬁ RxNorm Code (by VA Drug Class)
#-[3] Antidotes, deterrents and poison control
@[5 Antinistamines
{51 Antimicrobials
-5 Antineoplastics
{5 Antiparasitics
Rl Antiseptics/disinfectants
# {531 Autonomic medications
# E] Blood products/modifiers/volume expanders
@51 Cardiovascular medications
# ﬁ Central nervous system medications
{51 Dental and oral agents,topical
{531 Dermatological agents
{51 Diagnostic agents

=[] OMOP Procedures

[GHCPCS (i.e., HCPCS Level )

[511cD-10-PCS

[1/5} 1CD-9-CM Procedures
{51 Miscellaneous diagnostic and therapeutic procedures
[5] Obstetrical procedures
{51 Operations on the cardiovascular system
{51 Operations on the digestive system
{51 Operations on the ear
& Operations on the endocrine system
{51 Operations on the eye
{5 Operations on the female genital organs
{51 Operations on the hemic and lymphatic system
{51 Operations on the integumentary system
{51 Operations on the male genital organs

{51 OMOP Conditions
{5} OMOP Demographics
=5} OMOP Labs and Tests
Gl LoINC
&1/5] Test finding (SNOMED)
{51 Audiological test finding
D) Breath test finding
- [5] Dermatological test finding
{51 Eeg finding
[51 Exg finding
{531 Electromyographic finding
&1 {5] Endoscopy finding
{5 Gastrointestinal test finding
{51 Gu test finding
& Imaging finding

Ontologies covering the condition, procedures, drug, measurement and observation
domains. All terms are mapped to standard concepts using OMOP’s mapping tables
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Use Ontology Tables to direct Queries to proper
Fact Table view

Prepend c_facttablecolumn with OMOP domain view and modify CRC to parse into
‘domain_view’ and ‘c_facttablecolumn’

C_name c_facttablecolumn c_tablename c_columnname c_operator c_dimcode
Diabetes mellitus condition view.concept_cd concept_dimension concept_path LIKE \i2b2\Diagnoses\Endocrine disorders (240-259)\Other endocrine gland :
3 e
AT ©|@#v =0 select patient_num from
4 o} OMOP Conditions - L. .
s Mizsmng | ‘ condition_view where concept_cd
0l Circulato em
o} Conditioz isr):the perinatal period E I N
E:)j Congenital anomalies ‘
[0l Digestive system
P g ‘Eniocrineﬁisorders (SeIeCt
I Shersadocine gl ieaces concept_cd from concept_dimension where
. o concept_path like '\i2b2\Diagnoses\Endocrine
<Pl o AP disorders (240-259)\Other endocrine gland
e vy s i diseases (250-259)\(250) Diabetes mellitus\%®)

https://community.i2b2.org/wiki/display/ OMOP



OMOP Linked into 12b2 software

il 12b2 Web Client
_\(- ) @ & https://www.i2b2.0rg/webclient/

c

w"E © %+ A DF

‘ | Q, Search

i2b2 Query & Analysis Tool

Project: OMOP

T ES

=1 [2] OMOP Conditions

EI ICD9 Diagnoses

E] E SNOMED Clinical Findings
{5 Calculus finding
® EI Clinical history and observation findings
2] EI Clinical stage finding
E] EI Cyanosis
-5 Deformity
[+ Disease - 835

Edema

=@

- .5 Anasarca
[ Brawny edema
[+ ﬁl Carneal stromal edema
E] Dependent edema
[+ Eﬁ] Disorder characterized by edema
[+ EI Edema of breast
- [5] Edema of cervix
E] Edema of clitoris

E] Edema of ear canal
[+ El Edema of extremity
-] Edema of prepuce
@ Edema, generalized
-] Gingival edema
[+ EI Localized edema
[+ E] Mucous membrane edema
E] Non-pitting edema
[+ ﬁl Ole - edema
= EI Pitting edema
# EI Effect of exposure to physical force
® EI Enzyme activity finding
E] ﬁl Fetal finding
#.-731 Finding by method

| »

11

User: omop User

Query Tool

[8) Most visited @ Getting Started @ Epic ] sap B Persistent ¥ Congestive Heart Fail.. |5l Establishing Inter-Insti..

Find Patients | Anal Tools

B3| Mes

e Log | Help | Change Password | Logout

N LT

Query Name: | Edema@12:22:55

Temporal Constraint: | Treat all groups independently - |
Dates Occurs > 0x Exclude | | Dates Occurs > 0x Exclude | | Dates Occurs > 0x Exclude
Treat Independently « Treat Independently « Treatl Independently -

EI Edema
one or ﬂm drop a
more of term
these on here

(Run query | ciear | 1 Group [ ow Group [ ][

Show Query Status Graph Results | ‘ Query Report |

&

Number of patients

384

For Query "Edema@12:22:55"
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Personalized Medicine and Genomic technology are critical
to managing populations

Traditional *One-Size-Fits- All Appvoach Pono mluod Mod»dne Appromh
All patients with the

]
vs.tQ } F! ”‘, Get:eu(]Plrofrso A:
"\“'v".' Gan i Prollo B:
- . .‘.,‘ .j‘\ N 3 Standard Therapy
: 7. Vgl

= Managing a population involves improving health outcomes of
the group as a whole by identifying, monitoring and addressing
health needs of individuals through:

= Subpopulation stratification
= Targeted, evidence-based treatment protocols
= Predictive analytics

Source: Personalized Medicine Coalition and innovation.org ; Oliver Wyman
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The Partners Biobank

» The Partners Biobank provides
samples (plasma, serum, and
DNA) collected from consented
patients.

Consent)
Samples

84,000 patients have consented to
date

Samples are available for
distribution to Partners
Investigators* to help identify novel
Personalized Medicine

Research Discoveries opportunities that reduce cost and
provide better care

*with required approval from the Partners Institutional
Review Board (IRB).

Improved Clinical Care for All Patients
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Biobank Integrative Genomics Strategy

Partners BioBank Samples
(Whole Blood Extracted DNA/RNA)

: : Epigenome
n In Transcriptom it
Genotyping ] [ anscriptome Profiling
I I I
_ IIIurr.Iina MESATEL: Whole Transcriptome Analysis: Methylation Analysis:
I

_ Array Cost: Array Cost:
[ Array Cost: $59/ sample ] [ $40-50/sample ] [ $150/sample

enome/Transcriptome Analysis: ~5100/sample

Genome/Transcriptome/Epigenome Analysis: ~5260/sample




Genotype Data

[ Navigate Torms || IMRENCASM cvery Too | [ navigate Torms || [EZXT IRENCASI oo Tool | .

&[5} Biobank Consent Information €@ Query Name: | @[5l Biobank Consent Information € QueyName:[
&5} Biobank Demographics @ l /5] Biobank Demographlcs (7]
EJ rf-f Biobank Genomncs o LTI T L " Temporal Constraint: [

EDu_tu Occurgxtix Excludelg + |Dates| Occurs > 0x | Exclude H

- S ﬁ People with genomic data - 10097 reat independently v
l,@ﬂlobank Health Information Suweyﬁ P e T0097 € @3] Biobank Health Information Survey € =
!EBlobank Sample Types & I o ] @@ Biobank Sample Types © [’d dbSNP rs Identifier - 1009]
G4 Curated Disease Populations @ & /5] Curated Disease Populations ©
/5] Healthcare Data @ i dropa
: : ® [0} Healthcare Data @
[5] Healthy Populations (Controls) € : i term
@[5} Healthy Populations (Controls) @ on here

Search by Gene

Search by dbSNP rs Identifier

Use the gene name box to specify the variant for which to search. When you begin typing in the search Use the rs identifier box to specify the variant for which to search. When you begin typing in the search
box below, a selection list will appear after you type the first characters. box below, a selection list will appear after you type the first three numbers.
rs identifier*: rs1234
Gene Name*: APO| 512340033 | Cto G Iz
- rs12340033 [Cto G =l
APOA1 x Please note the zygo rs12340061 | Gto A i_},“o query for patients without a
Please note the zygo APOA1BP query for patients without particular variant (ho, T e e
a particular variant (f o0\ after you starttyping | 512340067 [Cto T on the left) to the alternate
(nucleotide on the "S rs12340088 | Tto G
Zygosity*: APOA4 Zygosity™ rs12340105 | Ato C
- APOAS rs12340107 | Gto T
onsequence:
sequ APOB rs12340117 |Gto A —
APOBEC1 rs12340120 | G to A lL""'"

APOBEC2 -

o ]|_coon |
APOBEC3A —_—
APOBEC3A_B _

APOBEC3B -

i rs12340129 | Ato G
rs12340149 |Gto A

. I

https://community.i2b2.org/wiki/display/IGD/Loading+Genomic+VCF+Files+into+i2b?2
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https://community.i2b2.org/wiki/display/IGD/Loading+Genomic+VCF+Files+into+i2b2

W4

Eile Edit View History Bookmarks Tools Help

Partners Biobank Portal b

BIOBANK gigps s
P ORTAL Biobank Portal Gen

Navigate Terms

(i) @ | https:;//biobankportal.partners.org/4-0/7user=snm0

omic Pilot [Logout]

,@ Biobank Consent Information &

,@ Biobank Demographics €0

-+~ Biobank Genomics

E All people with genomic data - 9358
ﬁ dbSNP rs Identifier - 4930 €

=3l Gene - 4930 @

[]--@ Biobank Health Information Survey &
-3 Biobank Sample Types @

-I[0] Curated Disease Populations & |
i[5 Asthma (AST) @

[&] Bipolar Disorder (BD) &

[5] Breast Cancer (BRCA) @

,@ Chronic Obstructive Pulmanary Dise2
=H5] Congestive Heart Failure (CHF) @
Q CHF - current or past history (FPV O

Coronary Artery Disease (CAD) &)
[5] crohn's Disease (CD) @
Depreszion (DEP) @
[5] Epilepsy (EPIL) @
=5 Gout (GOUT) @

[5] Hypertension (HTN) €
[5] Muttiple Sclerosis (MS) @
Dbesity (OBES) €

Rheumatoid Arthritis (RA) €
=[5 Schizophrenia (SCZ) @

[51 Type 1 Diabetes Mellitus (T1DM) €

t Type 2 Diabetes Mellitus (T2DM) &
H Ea o

90)-700

4+ & B O 4 |-

& Find Patients ® Make Request M Help & Support

v

awn Murphy, MD

From Raw Data

Treat all groups independenthy

Occurs = 0x

reat Independenthy - ndependently *

redl INdepenae

Exclude || Dates Occurs = 0x Exclude

ﬁ Gene [contains "TTM AMND
Homozygous AMD (Frameshift OR
missense OR nonsense OR
start_loss OR stop_loss)T]

Q CHF - current or past history (PPV
0.90)-700

@ Primary dilated cardiomyopathy -

From Computation

3 Groups

[L<][< |[new Group [ ][]

Show Query Status HH Query Report H Download Results ‘

MNumber of patients

70

For Query "Prima-CHF --Gene@14:22:40"

-

(3
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In Digitally Driven Healthcare, Disease
Labels determine Algorithms for Managing
Patient

# Mary

Followed for:
Prevention
Diabetes Type Il
Hypertension
Heart Failure

DIABETES TYPE Il

LIGHT TOUCH

GLUCOSE MONITORING

z
o
=
=
=)
w
=

Metformin: Hb A1c

Metformin ’
SGLT-2 e —
0.6t0 1.5 mme
ings and 1 ! i

SEVERE TRIAL




Innovations Enabling Digital Care

Digital and loT
devices continuously
output Patient Data

ost multiplicity
1. for (i =1; i< al.length; i++ ) a n+t
11 3=1 e
1.2, while ( a1{i] != a2{3] ) o 3
if ( § 2 al.length) “ SU-H
Y. return false o J Ll T
o 2u-D +1el+ 1 | DI
1.3. tmp = a2[j] n L ROERnn
1.4. a2[j] = a2[i) s n o e b b e
] 1.5, a2(i] = tmp o n
. 2. return true s 1 @ (max)
1, (min)
/2 (max)
J/3 (min)
G ~a X
L 4 (max)

L 4
>
>
>
L
L J

0606006

Digital Twin of patient enables
continuous assessment of
patient with Real Time
Algorithms

Navigator Model dramatically increases Frequency and
Convenience for Patient Communication

2 Process Monitar - Sysinterals: waw.sysintemats.com
File Edit Evet Fiter Took Options Help

W ABE FA® ©n A5 ZBia@E

BCLUSON  pregracy bk Vit 1 Va2 wses a4 visas Vs GEUNERY

Time . Process Name PID Operseon Pan
0550 e enn 4554 BhCosele c

[T £504 Cyempragphcao

25 e me 4564 e v agch

0850 Eiemdexs 1584 B Oossfle. C 'tarp sppheabon s hiddenProgram e
125t Eeme 4524 e =

Showing 130 of 261563 events (D0%) Backed by page fie

System drives Pragmatic
Clinical Trials Leading to
Continuous Process Improvement




Digital Twin for Continuously Assessing

Patient

Data Enclave

Multiple query endpoints feeding into Data Commons for

Y

EMR

Imaging

24/‘ Genomic

Data

loT

Computation

Components:

Cohort Creation
and focused data
extraction
Managed
Terminology
Regulatory
Oversight
Libraries of
Python/R
Commonly
formatted data

Research, Operations, and Clinical Insights

2

2
HIR based

Apps
|

6
J 12b2

tranSMART
|

7 ducat
Education

Jupyter
Notebook

Python/R
Environment

SAS/SPSS
MATLAB

sonAjeuy [eoun

Data Enclave

Enable Data Extracts, perhaps
some are Federated

Combine and Link data, put in
common OMOP/i2b2 format

Conduit to Data Enclave

Technical Solution Development

4

Healthcare Ready Bundle

Research and Clinical Application
Projects

5)

FHIR based SMART Apps

6,

12b2 tranSMART
with Fractalis plugin (next
version of SmartR plugin)

Jupyter Notebook with Al
Visualizations — code can
advance to production

Python/R Environment
full interactive development in
Data Lake

14




—.

Many, many contributions ...

mManagement mBiobank/Phenotyping
mlsaac Kohane m Scott Weiss
mSusanne Churchill m Beth Karlson
m Griffin Weber m Jordon Smoller
mlLee Nadler m Natalie Bouton
mDouglas m Vivian Gainer

MacFadden = Nich Wattanasin

m Christopher Herrick
mVictor Castro mHealthcare Innovation
mRoy Perlis Team
mBeth Karlson m Kavi Wagholikar
mPaul Avillach m Randy Gollub
mJeff Klann m Calum Macrea

mMichael Mendis m Sandy Aronson
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Special thanks to...

Core i2b2 Developers over past 14 years:

m Michael Mendis m Kavi Wagholikar
m Lori Phillips m Wayne Chan

m Raj Kuttan m Bhaswati Ghosh
® Wensong Pan m Reeta Metta

m Griffin Weber m Barbara Benoit
m Andrew McMurry m David Wang

m Janice Donahoe m Jeff Klann

m Nich Wattanasin

m William Simons

m Christopher Herrick
m Bill Wang
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