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The National Center for Biomedical Computing entitled
Informatics for Integrating Biology and the Bedside (i2b2),
what is it?

Software for explicitly organizing and transforming person-
oriented clinical data to a way that is optimized for clinical
genomics research

m Allows integration of clinical data, trials data, and genotypic data

A portable and extensible application framework

m Software is built in a modular pattern that allows additions without
disturbing core parts

m Available as open source at https://www.i2b2.0rg
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12b2 Cell: The Canonical Software Module

Business Logic (|i2h2
Data Access <::{>
Data Objects HTTP XML

(minimum: RESTful)
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An 12b2 Environment (the Hive) is built from i2b2
Cells

remote
e Data Repository Cell--------------- <:> .



12b2 Software components are distributed as open source
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Community

United States

Arizona State University

Beth Israel Deaconness Hospital, Boston, MA
Boston University School of Medicine, Boston, MA
Brigham and Women's Hospital, Boston, MA
Case Western Reserve Hospital

Children's Hospital, Boston, MA

(Denver) Children's Hospital, Denver, CO
Children's Hospital of Philadelphia, PA

Childrens's National Medical Center (GWU)
Cincinnati Children's Hospital, Cincinnati, OH
Cleveland Clinic, Cleveland, OH

(Weil Medical College of) Cornell, NYC, NY

Duke Medical College

Group Health Cooperative

Harvard Pilgrim Healthcare

Harvard Medical School, Boston, MA

Health Sciences South Carolina

Kaiser Permanente Health

Kimmel Cancer Center (Thomas Jefferson University)
Massachusetts General Hospital, Boston, MA
Maine Medical Center, Portland, ME

Marshfield Clinic, Wisconsin

Morehouse School of Medicine, Atlanta, GA

Ohio State University Medical Center, Columbus, OH
Oregon Health & Science University, Portland, OR
Renaissance Computing Institute, Chapel Hill, NC

South Carolina Clinical and Translational Research Institute

Tufts Medical Center, Boston, MA

University of Alabama

University of Arkansas Medical School
University of California Davis, Davis, CA
University of California San Francisco, SF, CA
University of Chicago

University of Massachusetts Medical School, Worcester, MA

University of Michigan Medical Center, Ann Arbor, Ml

University of Pennsylvania School of Medicine, Philadelphia, PA
University of Rochester Medical Center, Rochester, NY

University of Texas Health Sciences Center at Houston, Houston, TX
University of Texas Health Sciences Center at San Antonio, SA, TX
University of Texas Health Sciences Center Southwestern, Dallas, TX

Utah Health Science Center, Salt Lake City, UT
University of Washington, Seattle, WA
University of Wisconsin Madison

Veterans Administration Boston and Utah

International

Georges Pompidous Hospital, Paris, France

Institute for Data Technology and Informatics (IDI), NTNU, Norway
Karolinska Institute, Sweden

University of Erlangen-Nuremberg, Germany

University of Goettingen, Goettingen, Germany

University of Leicester and Hospitals, England (Biomed. Res. Informatics Ctr. for
Clin. Sci)

University of Pavia, Pavia, Italy
University of Seoul, Seoul, Korea
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Enterprise-wide repurposing and distribution

of medical record data for research
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Enterprise-wide repurposing and distribution

of medical record data for research
A

Project Matural Patient
Management Language Counts
Processing Plug-in
File PFT
Repository Processing
i i2b2
Ontology Identity i2b2
Management Management \Web Client
Application
Workflow

Text
Analyzer Data
Plug-in Plug-in

Import

Data
REEZORSIS;)W Framework
/ High orrelation i2h2
erformance Analysis Workbench
Compu_tmg Plug-in Application
Plug-in Export able View
Data Plug-in
Plug-in
Annotator
Plug-in

Enable high performance collection of medical record data for
guerying and distribution

m Enterprise web client



Enterprise web client
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Repurpose medical record information for research studies
m [2b2 Workbench
m Natural language processing
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Data mart request form
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Data Model: Data Requirements

Integration of data from distributed and differently structured
databases in order to perform comprehensive analyses.

Separation of data used for research from daily operational or
transactional data.

Standardization of a model across systems.

Ease of use by end-users.
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Dimensional Modeling

1. FACTS - the quantitative or factual data being queried.

2. DIMENSIONS - groups of hierarchies and descriptors that define the facts.
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Star Schema

One fact table surrounded radially by numerous dimension tables.
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12b2 Star Schema

visit_dimension
patient_dimension Pk | Encounter Num
PK | Patient Num 1\ observation_fact 1
. Start_Date
. PK |Patient_Num / —
Birth_Date o | PK [ Encounter_Num End__Date
Death_Date PK | Concept CD o0 Active_Status_CD
Vital Status CD ~QNeepL Ly Location_CD*
Age Num* PK [ Observer_CD 00
Ggea un(q:D* o | PK | Start_Date \
Rz::]eeé_D* PK | Modifier CD o ) observer_dimension
— . PK |Instance Num
Ethnicity_CD PK | Observer_Path
End_Date
ValType CD Observer_CD
TVal_Char Name_Char
. . NVal_Num
concept_dimension Value_FIag cD o
PK | Concept Path Observatio_n_Blob modifier_dimension
00 PK | Modifier_Path
Concept_CD
Name_Char Modifier CD
Name_Char
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12b2 Fact Table

In i2b2, a fact is an observation on a patient.
Examples of FACTS:

o Diagnoses

o Procedures
o Health History
0 Genetic Data
0 Lab Data

o Provider Data

o Demographics Data

An observation is not necessarily the same thing as an event
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12b2 Dimension Tables

Dimension tables contain descriptive information about facts.
In i12b2 there are five dimension tables

concept_dimension
provider_dimension
visit_dimension
patient_dimension
modifier_dimension
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Expression of Modifiers in i2b2 data model

P_num]E_num|]Instance _num|C _CD|S_d|Modifier CD]|ValType CD|TVal|Nval

123]107]1]cpt:
123]107]1]cpt:
123]107]1]cpt:
123]107]1]cpt:
123|567 |1 ]med:
123]567]1]|med:
caspirin] 20100404 |MED:-FREQ|T|QD|<null>

123]567]1]|med

123]567]1]|med:
123]567]2]|med:
123|567]2]med:
caspirin]20100404 |MED:FREQ]T|BID|<nul >
caspirin] 20100404 |MED-:ROUTE|T|PO|<null>

123|567]2]med
123]567]2|med

59622]20060304 )@ |<null>]<null>|<null>
59622]20060304 |cptmod:62|<null>|<null>]<null>
59622]20060304 |cptmod:AA|<null>|<null>]<null>
59622]20060304 |cptmod:TH]<null>|<null>]<null>
aspirin]20100404|@|<null>]<null>]<null>
aspirin]20100404 |MED:DOSE|N]E|325

aspirin]20100404 |MED-ROUTE|T]PO|<null>
aspirin]20100404|@)<null>]<null>]<null>
aspirin]20100404 |MED:DOSE|N]E|83
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Itemns instance will be same j

Itemns instance will be same ;I
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Modifiers in Ul
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Project i2Zb2demodata2

User demo

Find Patients | Analysis Tools | Message Log | Help | Logout =

Navigate Terms U Find Terms ‘ ol el

BHET Amaxicillin 250mg capsule UDL Labaoratories T .
; ﬁ Amaoxicillin 230mg capsule Warner Chilcott Lak

t {51 Amoxicillin 250mg tablet chewable Zenith Gold
ﬁ Amaoxicillin 200mg capsule Movopharm USA In

: ﬁ Amaoxicillin 200mg capsule Teva Pharmaceutic
E:T.I Amoxicillin 500mg capsule Watson/Rughy Lab
E:T.I Amoxicillin 500mg capsule Zenith Goldline Phi
E:T.I Amoxil 125 mg/aml powder for reconstitution 2
ﬁ Amaxil 125 ma/Bml powder for recanstitution S
ﬁ Amaoxil 250 mag/aml powder for recanstitution S
ﬁ Amaoxil 250 mag/aml powder for recanstitution S
ﬁ Amaoxil 250mg capsule Smithkline Beecham

ﬁ Amaoxil 250mg tablet chewahle SmithKline Bee—
E:T.I Amoxil 500mg capsule Smithkline Beecham

E:T.I Amoxil 500mg capsule Smithkline Beecham

E:T.I Trimox 250 mag/sml powder for reconstitution B
ﬁ Trimox 250mg capsule Bristal-Myers Squibk

t ﬁ Trimox 250mg capsule Bristol-Myers Squibb
Elﬁ Trimox 500mg capsule Bristol-Myers Squibb

% Iledication Dose
: ¥ Wedication Frequency
-0 Wedication Route

Query Name: | |

Temporal Constraint: | tems Instance wil be the same

h |

Dates | QOccurs = 0x |Exclude || Dates | Occurz = 0x | Exclude || Datez | Occurs = 0x | Excluds
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Query Status
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{Zi2b2 web Client - Windows Internet Explorer P ]
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File Edit Wiew Favorites Tools  Help
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Tool ject:

3 E N Query Tool
o] Amoxicillin 250mg capsule UDL Laboratories N
E Amaxicillin 250mg capsule Warner Chilcott Lal

Choose value of MedicationDose (Test:MED:DOSE)

Searches by Lab values can be constrained by the highflow flag set by the perfarming
lakharatary, ar by the values themselves.

Flease select operator:

 Novalue [?
ovalue [7] |GREATERTH.-°\N =) j

c By value [7]
Fleasze enter a value:

|500|
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mg/dose j

| Cancel ||

-0 Wedication Route
ol Trimoaox 500ma capsule Bristol-Mye auikb
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IZ]--E Amoxicillin 500mg capsule Zenith Goldline Phz
E]--ﬁ Amoxil 125 mg/Sml powder for reconstitution S
E]--ﬁ Amoxil 125 mg/aml powder for reconstitution S
E]--ﬁ Amaxil 250 mg/Sml powder for reconstitution S
E]--ﬁ Amoxil 250 mg/Sml powder for reconstitution S
E]--ﬁ Amoxil 250mg capsule Smithkline Beecham
[]--ﬁ Amaxil 250mg tablet chewable SmithKline Bee—
[]--ﬁ Amoxil 500mg capsule SmithKline Beecham
IZ]--E Amoxil 500mg capsule SmithKline Beecham
E]--ﬁ Trimaox 250 mg/Sml powder for reconstitution B
E]--ﬁ Trimox 250mag capsule Bristol-Myers Squibh
E]--ﬁ Trimox 250mag capsule Bristol-Myers Squibh
IZ—II--E Trimox S00mag capsule Bristol-Myers Squibb
& |ledication Dose

& ledication Frequency

& Iledication Routs

Query Tool E. E.’ L]
Query Name: | |
Temporal Constraint: | ftems Instance wil be the same - |
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izb2 Query & Analysis Too Project: 12b2demodata2 User: demo Find Patienls | Analysis Tools | Message Log | Help | Logout
| Navigate Terms | | Query Tool B e
Search by Names | | Search by Codes | Query Name: | |
(_Containing 4] |tr|'mo:-: | Temporal Constraint: | Iterms Instance will be the same
El (voew B
- Group 1 Group 2 Group 3
i ] Trimox 260 ma/Smi powder for reconstitution Bristol-Myers Squibb Bates | Ocois =0 mm Dales | Ocolrs > Ox Em Dales | Ocoirs > Ox Ems
[ Trimox 260mg capsule Bristol-Myers Squibb | Items Instanice will be the same| | ltems Instance will be the same| | items Instance will be the same|
4 Teimics 2500 CapmLe Bistnl:Mtyers Scpultis quibb [Medication Dose > 500] edication Route = (“By Mouth™)]
@ Trimox 500mg capsule Bristol-Myers Squibb
----- @ Trimox 500mg capsule Bristol-Myers Squibb
one or one or drop a
5
Find Medifiers for Trimox 500mg capsule Bristol-Myers Squibb more of ﬂiﬂ more of ﬂm term
i these these on here
| Containing Q‘ | |
i O Medication Dose
-0 Medication Frequency L == KR L | R
O Medication Route
| RunQuory | ciear || Print query [SEXElCTECERSS ]| N [»][>1]
Finished Query: "Medicat-Medicat@19:32:26" 6.8 secs]
Compute Time: 3.9 secs
Number of patients for "Medicat-Medicat@19:32:26"
patient_count: &
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- EEI Amoxil 250 mg/Sml powder for reconstitution SmithKline Beecham Query Name: | |

-1 Amoxil 250 mg/5mi powder for reconstitution SmithKline Beecham
E Amoxil 250mg capsule SmithKline Beecham Temporal Constraint: | Treat all groups independently

{1 Amoxil 250mg tablet chewable SmithKline Beecham Group 1 Group 2 Group 3
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ﬁ Trimox 250 mg/5ml powder for reconstitution Bristol-Myers Squibb quubb [Medication Dose > 500]| edication Route = ("By Mouth™}]
H- E Trimex 250mg capsule Bristol-Myers Sguibb

- Eﬂ Trimox 250mg capsule Bristol-Myers Squibb
- E Trimex 500mg capsule Bristol-Myers Sqguibb
- E Trimox 500mg capsule Bristol-Myers Sguibb
i~ © Medication Dose
- @ Medication Frequency

- © Medication Route
- @ Medication Dose
- @ Medication Frequency

- @ Medication Route

one or one or drop a
-] Ampicillin more of n:m more of n!m term
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-- @ Medication Dose
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]—-EI Penicillinase resistant penicillins Query Statu
-0 Medication Dose
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-0 Medication Route

Finished Query: "Medicat-Medicat@19:20:44" [5.4 secs]
Compute Time: 3.4 secs

[]--ﬁ Quinolones - Number of patients for "Medicat-Medicat@19:20:44"
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izb2 Query & Analysis Too Project: I2b2demodata2 User: demo Find Patients | Analysis Tools | Message Log | Help | Logout
| Navigate Terms || | Query Tool S
Search by Names | | Search by Codes | Query Name: | |
[ Containing 3 |trimox | Temporal Constraint: | Items Instance will be the same

K (foyceomn B

- Group 1 Group 2 Group 3
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----- 9@ Trimox 500mg capsule Bristol-Myers Squibb

one or one or drop a
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Find Modifiers for Trimox 500mg capsule Bristol-Myers Squibb more of [ AND | e [ AND | [
[ Containing  [#] | | these these on here

- Medication Dose
-0 Medication Frequency
@ Medication Route

[ AL

2Groups [ ][ |[wew Group ][+ [ 1]

Finished Query: "Medicat-Medicat@19:32:26" 6.8 secs]
Compute Time: 3.9 secs

Number of patients for "Medicat-Medicat@19:32:26"
patient_count: 3




Constrain observations into the same encounter
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Query Status
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EE Arterial vascul@01:49:21 [3-4-2011] [lcpa]
5 arterial vascul@14:48:50 [2-4-2011] [lcpa]
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FUTURE - Ul for temporal query model

/= i2b2 Web Client - Windows Internet Explorer
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Navigate Terms H Find Terms H;:J ™ [ query Tool AR
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=/ Endocrine, nutritional, and me
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E Disbetes mellitus with con Dates | Occurs = 0x |Exclude || Dates | Occurs > 0x |Exclude || Dates | Occurs = 0x |Exclude

EIEI Diabetes mellitus without ¢ ,ﬁl Iale E Diahetes mellitus ﬁ Retinopathy
- (5] Acetonuria

,EI Encounter for insulin pu
- (5] Fitting and adjustment
- Bl Glycosuria

,ﬁl Impaired fasting alucos
- (5] Impaired glucose tolers
-0 Insulin pump status

,@ Other abnormal glucos Temporal Rule 1 i PP
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EE T1D Temporal@22:24:46 [3-7-2010] [g
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Eﬁ FPatient Set- 9753 patients
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12b2 Version 1.6

Terms can be Modified and Linked in i2b2 data model
Ontology editor

All dimensions can be used in queries as well as Patient Sets and
Previous Queries

Queries find patients that have concepts that occur in the Same Visit
and the Same Instance

Performance enhancements and monitoring
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Version 1.7 IM Cell — Needed to get identified data

Main functions
m Converts MRNs to eMRNs which are mapped in CRC cell
m Holds demographics in tables which do not contain clinical data

m Links to enterprise services and converts custom enterprise output to
1I2b2 PDO

m Lists of patients with real identifiers are managed and linked to a project



Future of i2b2 is through Related and Sponsored Projects ...

/= Dashboard - i2b2 Wiki - Windows Internet Explorer - |E||l|
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The i2b2 Weh Client is one of several core projects that are directly sponsored by the 12b2 team

4

=

@ i2p2 Sponsored Project - NCBO Ontology Tools

Tools to extract and organize ontologies from the MCBO, organized by Lori Phillips

@ Related Project - Crimson
A project to make specimens available through 12b2 infrastructure, organized by Lynn Bry

@ Related Project - GARLIC
Genomic Analysis Results Library Integration Cell, organized by Brian Wilson

e © © ©

@ Related Project - Health Ontology Mapper

A general purpose instance mapper and associated ETL processing function running as an i2b2
cell, organized by Rob Wynde

© Related Project - HOMERUN
The Hospital Medicine Reengineering Network, organized by Nick Anderson

© Related Project - i2b2-based Registries
An enhanced patient registry and an associated web based toolkit, organized by Keith Marsolo

@ Related Project - mi2h?

Medical Imaging Informatics Bench to Bedside, organized by Christopher Herrick

© Related Project - SHRINE
The Shared Health Research Information Network, organized by Doug MacFadden

e © © © ©

@ Related Project - SMART
Substitutable Medical Apps, reusable technologies i2b2 integration, organized by Nich Wattanasin

BB AALLG 1 o] Blodio.oo j

Fea
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Windows Internet Explorer
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. SignIn + %Convert

12? ﬁ'ﬁ ﬂ Crimson Home - Related Project - Crimsan - i2b2 Wiki
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Dashboard » Related Project - Crimson » Crimson Home

Shawn Murphy -

Search
Downloads .\3'2 gF Add ~ £ Tools ~
e WIKI Crlmson Home
Regulatory (REG) B #4 Lastmodified on Dec 22, 2010 (view change
Road Map
Sample Cohort Cell (COH) .
Sample Registry (SAM) crlmson

- |2 Page ~ () Tools -

=3
(2]
Iﬁl

Enabling Sample Management Within i2b2
Pl: Dr. Lynn Bry (LBRY @partners org)

Synopsis

The i2b2 - Crimson project is designed to provide enhanced sample handling
capabilities within the i2b2 framework. lts primary focus is to support baoth
prospective and retrospective sample collection. These modes of collection are
dictated by the external systems that are employed to satisfy an i2b2 users
enguiry; for prospective sample accural, requests are typically routed to an
external laboratory infermation management systemn. for retrospective enquiries
these are usually directed towards an existing sample repository or registry

The sample collection process has three distinct phases
+« Sample Request: A patient set is broadcast to either a LIMS or existing
sample repository. Typically the medical record number (encrypted) will be

broadcast the external system. However, alternative patient identifiers can
also be supported
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,f‘ HOM Home - Related Project - Health Ontology Mapper - i2b2 Wiki - Windows Internet Explorer o ] 4

@:V Iﬁhttps:,l',l'community.izbz.org,l'wikj,l'display,l'HOM,l'HOM+H0me j % || K IGoogle -

File Edit ‘Wiew Favorites Tools Help
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v HHOM Home - Related Project - Health Ontalogy Mapp. .. @ ~ 5] - f=h - hPage = (CF Tools -
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Dashboard » Related Project - Health Ontology Mapper » HOM Home Browse ~ Shawn Murphy ~ 1l [EEEREY
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Search

'ﬁlj:' Add &b:g ools
att: ents

E\ @447 Last modifie 4 2011 (view change

}
o

Health Ontology Mapper (HOM)

Fublications Page
Released Builds and Documentation

Weekly Meeting Minutes

(The Health Ontology Mapper is an open source general purpose instance mapper for academic research, public hospitals
and non-profits. )

Principal Investigators: Rob Wynden (UCSF). Russ Cucina (UCSF) and Nick Anderson (UW)

Ontology Mapper Original Design: Rob Wynden (UCSF), Davera Gabriel (UCD), Marco Casale (Rochester) and Maggie
Massary (UPenn)

Lead Terminologist: Ketty Mobed (UCSF)
HOM Interpreter Programming Lead: Prakash Lakshminarayanan (UCSF)
UETL Programming Lead: Vijay Rayanker (UCSF)

{the original grant application technical proposal can be viewed here
https://community.i2b2_org/wiki/download/attachments/2195462/0ntomapper+Grant+v. 7+4 14 08+FINAL. pdf

License: Open Source BSD License HOM BSD ___ (For an optional commercial license contact: Ellen Kats at UCSF Tech
Transfer.} If you would like to purchase a Support License for Ontology Mapper please contact Peter Emerson at
Recombinant Data Corp at pemerson@recomdata.com

@ HOM call weekly status: 11AM Pacific every Tuesday at: 800 794 6702 Passcode: 50714912
ConferencePlus http:/iweb.meetme_net/r aspx?p=2&a=70541783633875 (passcode 5071491%)
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Genomic Controlled Vocabularies enomlc ontrolie
Vocabularles
|"‘j &6 Last modified o 123, 2011 (view change —
Genomic Controlled Vocabularies
i2B2 Ontologies
The following controlled vocabularies are provided as i2b2 ontologies
Ontology Description Sources
Hugo [Ontelogy | Concept Dimension ] Genes categorized by locus Hugo
GO Genes categonized by function  Hugo,GO
Pharmacogenomics [Ontalogy | Genes categorized by Hugo.PharmGKB Mesh ATC
Concept Dimension] assnmated Drugs and
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Dashboard » Related Project - HOMERUN » HOMERUN Home Shawn Murphy ~ Il |EEERH]
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Search

MERUN Home

23 2010 (view change

Q8i29|% HO & Edit 9P Add + £ Tools ~

HOMERUN

The Hospital Medicine Reengineering Metwork HOMERUN is a network: of institutions with hospitalists and patients with
the primary aim of developing research and implementation studies to reengineer and optimize care delivery. The network
includes organizational governance, data sharing infrastructure, and a variety of tools that support clinical research

including therapeutic trials and comparative effectiveness research. HOMERUM currently includes 14 university and
community based institutions - where the majority of hospital care is delivered in America. It draws on the experience of the
Wermont-Oxford Neonatal Metwork and Mational Surgical Quality Improvement Projects (among others). Its infrastructure is
built with open-source technologies created by the National Institutes of Health and others that enable secure cross-
institutional data sharing that protects the privacy of patient data, tracks patient consent. and enables patient control of their
health information

Each of the current sites uses i2b2 and SHRIME to develop Comparative Effectiveness Research data discovery resources
The project evolved out of the i2b2 Cross-Institutional Clinical Translational Research project (CICTR) - a SHRINE-based
federation of UC Davis, UC San Francisco and the University of Washington. The HOMERUN technical collaboration
focusses on the policy, data aquisition and mapping processes, and is moving towards harmonizing necessary version-level
implementation for local sites. HOMERUN uses the HOM mapper for concept translation

Current partners (* indicate live data sites)

UCSF * (Rob Wynden)
UC Davis *

UW = [Nick Anderson)
U Michigan *

UC Invine
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This is the home of the Related Project - iZb2-hased Registries space

The Cincinnati Children's Hospital Medical Center (CCHMC) i2b2 team has extended i2b2 to create an enhanced patient

It provides the necessary functionality in @ modular fashion, allowing users to
choose the capabilities that are appropriate for their project. The enhanced registry architecture includes linkage to the
EHR and an application layer that allows the development of functionality to support quality improvement and comparative
effectiveness research. There are capabilities for data collection to capture information that is not collected in an EHR, as
well as mechanisms for reporting and visualization

registry and an associated web-based toolkit

WMare information can be found on the CCHMC i2b2 project site: http://i2b2 cchme.org

To help you on your way. we've inserted some of our favourite macros on this home page. As you start creating pages
blogging and commenting you'll see the macros below fill up with all the activity in your space
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Shared Health Research Information Network (SHRINE)

The Shared Health Research Infarmation Metwork (SHRINE) helps researchers overcome one of the greatest problems in
population-hased research: Compiling large groups of well-characterized patients. Qualified investigators may use the
SHRIME web-hased query tool to determine the aggregate total number of patients at participating hospitals who meet a
given set of inclusion and exclusion criteria (currently demographics, diagnoses, medications, and selected laboratory
values). Because counts are aggregate, patient privacy is protected

These data will be most useful for investigators interested in

« (Generating new research hypotheses

» Planning research requiring large sample sizes not easily available at any single institution

» Preparing grant applications that would benefit from pre-identification and/or characterization of a potential research
cohort

» ldentifying potential cohorts for clinical trials

« Conducting research in the areas of population health and health services

Participating Institutions

Beth Israel Deaconess Medical Center

Brigham and Women's Hospital

Children's Hospital Bostan

Dana-Farber Cancer Institute

[\lassachusetts General Hosnital
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Medical Imaging Informatics Bench to -
Bedside (mi2b2)

fany current and future clinical research studies rely on medical images for
guantitative metrics for diagnosis, prognosis and treatment response. Images are
used to quantify disease burden such as tumor valume, inflammation, hemorrhage
and infarction. Sernal imaging is used to quantify the outcome of interventions, such
as changes in tumor size or loss of brain tissue. Importantly, medical images are
providing an ever increasing number of sensitive diagnostic approaches to disease
such as the use of susceptibility weighted and diffusion tensor MR imaging in the
evaluation of brain trauma
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Research Investigator Workflow enabled by mi2b2
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i2b2 - SMArt Project

As part of the Strategic Health IT Advanced Research Projects (SHARF) program and the Substitutable Medical Apps
Reusable Technologies (SMArt) initiative, a SMArt-enabled i2b2 cell is being developed to expose a common AP for SMArt-
applications to interact with health data within the i2b2 analytics platform

SMArt App

SMArt
‘ ‘ Platform
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SMART Container in 12b2
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i2b2 QUEI’\/ & Analysis Tool Find Patients | Analysis Tools | Message Log | Help | Logout

Mavigate Terms || Find Terms | el SMArt Dashboard NI
I:I--@ Visit Details Step 1. Drag a patient to box below:  Step 2. Choose a SMArt App below: AVL
D’g Proceaures PATIENT:1000000008 | E v
EE E:Stom_met:dart? Dat Med List  Med Calendar Got Statins?  Problems. Local App SM A RT
g pression Profiles Data
{51 Medications "
] Clinical Trials ST ET: _—
[]--ﬁ Diagnoses
[]--ﬁ Repors
5] Demographics
B[ Laboratory Tests P H .
5 Providers rescriptions
Name Start Date Est. End Date Instructions =
Workplace Inl= 100 ACTUAT Beclomethasone
. Dipropionate 0.08 MG/ACTUAT Metered Thu Apr 04 2002  Sun Apr 04 2004
E‘Q i2b2 Patients o Dose Inhaler [Qvar]
-8 PATIENT:1000000001 E
-8 PATIENT:1000000002 200 ACTUAT Ipratropium Bromide 0.018
.8 PATIENT:1000000003 MG/ACTUAT Metered Dose Inhaler Thu Apr 04 2002  Sun Apr 04 2004
-8 PATIENT:1000000004 [Atrovent] 1
-8 PATIENT:1000000005 ) )
S PATIENT:1000000006 200 ACTUAT Ipratropium Bromide 0.018
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g PATIENT:1000000008 . .
) Acetaminophen 24 MG/ML / Codeine
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g Eil:iml:‘]gggggggg il Cyclobenzaprine hydrochloride 10 MG L . _ an ;c;;; ;e e mm c;a s =
sro [ @
=-ff Birth rauma@03:56:18 [3-4-2011] [i2b2] B Detailad List View =] Category: | ALL [=]
[]--EE Chemistry@02:29:50 [3-4-2011] [i2b2] |E| SMATt Dashboard n
[ Herbal products@02:29:26 [3-4-2011] [i262] B .WYv_ This plugin enables you to run SMArt (Substitutable Medical Apps, within the i2b2 web client. B
f) 221611_s_at (51@20:58:18 [3-4-2011] [i202] Examie #1 - Hello Tord =
- 0 ) E mpl - Hel (]
[]"EE Inpatie- 3 day@20:50:06 [3-4-2011] [i2b2] ﬁ This plugin demonstrates how to register a plugin within the i2b2 web dient framework.
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SNP Terminology development with VISTA

Designing a genomic variant ontalogy for commaon use within the open 12b2 community poses a unique

challenge. Varants may be defined across several domains: dbSMP rs number, HGVS name, or

genefflanking sequence pairs. It is often difficult to know if variants from different domains are in fact

equivalent. This project investigates ways to form a common basis for describing variants o

The project also examines necessary features required for display and comparison of genomic variants within
external tools. An application has been developed to show interactive capability within the VISTA suite of
visual analysis and functional annotation tools

Paper and Presentations

Use of Genomic Variants in i2b2 - Lori C. Phillips MS1, Simon Minovitsky2, lgor Ratnere2, Inna Dubchak
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RS number

Uniquely identifies a variant over time ....but....

[Reference SNP (refSNF) Cluster Report: rs28929495 “*clinically associated™
RefSNP Allele HGVS Names
Organism: human (Homo sapiens) Variation Class: S_NF': _ _ MC 000007 12:g 55209201 G=T
Molecule Type: cDMA “single nucleotide polymorphism NG _007726.1:9. 1599335 =4
Created/Updated in build: 125/132 RefSNP Alleles: A/G/T NG_007726.1:g.159983G=T
Map to Genome Build:37.1 Ancestral Allele: G Mh_006228.3:c.2156G =4
Citation: Publved Clinical Association: | JEE 008 NM_005228.3:c.2155G>T

NP_005219.2:p.Gly719Cys
NP_005219.2:p. Gly719Ser

NT_0335965.6: 5. 483107654
NT_033968.6:.4831076G>T

Novel variants may not have rs number
m User may not want to submit to doSNP
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HGVS Name

Uniquely identifies variant within a referenced and versioned
accession and details the nucleotide substitution.

NM_005228.3:¢.2155G>T

S NN

RefSeq accession Position  Nucleotide
substitution

Coding DNA
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Common Representation

All ultimately describe variant location on a chromosome.

Nucleotide substitution defines the physical manifestation of
the variant.

WE PROPOSE:

m HGVS name (n/t subst, positional info)
m Flanking sequences ( a way to verify positional info)

AS A WAY TO UNEQUIVOCALLY EQUATE TWO VARIANTS
m ACROSS DOMAINS
m ACROSS VERSIONS
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Combining equivalent terms
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SMART Container in 12b2

' [ i2b2 Web Client +

= C M | © smarti2b2.org/webclient/#

- g X

w2 A

i2b2 QUEI’\/ & Analysis Tool Find Patients | Analysis Tools | Message Log | Help | Logout

Mavigate Terms || Find Terms | el SMArt Dashboard NI
I:I--@ Visit Details Step 1. Drag a patient to box below:  Step 2. Choose a SMArt App below: AVL
D’g Proceaures PATIENT:1000000008 | E v
EE E:Stom_met:dart? Dat Med List  Med Calendar Got Statins?  Problems. Local App SM A RT
g pression Profiles Data
{51 Medications "
] Clinical Trials ST ET: _—
[]--ﬁ Diagnoses
[]--ﬁ Repors
5] Demographics
B[ Laboratory Tests P H .
5 Providers rescriptions
Name Start Date Est. End Date Instructions =
Workplace Inl= 100 ACTUAT Beclomethasone
. Dipropionate 0.08 MG/ACTUAT Metered Thu Apr 04 2002  Sun Apr 04 2004
E‘Q i2b2 Patients o Dose Inhaler [Qvar]
-8 PATIENT:1000000001 E
-8 PATIENT:1000000002 200 ACTUAT Ipratropium Bromide 0.018
.8 PATIENT:1000000003 MG/ACTUAT Metered Dose Inhaler Thu Apr 04 2002  Sun Apr 04 2004
-8 PATIENT:1000000004 [Atrovent] 1
-8 PATIENT:1000000005 ) )
S PATIENT:1000000006 200 ACTUAT Ipratropium Bromide 0.018
8 PATIENT-1000000007 MG/ACTUAT Metered Dose Inhaler Wed Jul 17 2002  Sat Jul 17 2004
8 PATIENT:-1000000008 PAimrErL
g PATIENT:1000000008 . .
) Acetaminophen 24 MG/ML / Codeine
g Eil:iml:l]gggggggﬁ Phosphate 2.4 MG/ML Oral Solution UIUALY 27 ATTY  EelE AUy 27 20
g Eil:iml:‘]gggggggg il Cyclobenzaprine hydrochloride 10 MG L . _ an ;c;;; ;e e mm c;a s =
sro [ @
=-ff Birth rauma@03:56:18 [3-4-2011] [i2b2] B Detailad List View =] Category: | ALL [=]
[]--EE Chemistry@02:29:50 [3-4-2011] [i2b2] |E| SMATt Dashboard n
[ Herbal products@02:29:26 [3-4-2011] [i262] B .WYv_ This plugin enables you to run SMArt (Substitutable Medical Apps, within the i2b2 web client. B
f) 221611_s_at (51@20:58:18 [3-4-2011] [i202] Examie #1 - Hello Tord =
- 0 ) E mpl - Hel (]
[]"EE Inpatie- 3 day@20:50:06 [3-4-2011] [i2b2] ﬁ This plugin demonstrates how to register a plugin within the i2b2 web dient framework.
m.Fal 7 years ald@NG-54-17 [2-2.201141 [i2h2] v 2




,f‘ NCED Ontology Tools - i2b2 Sponsored Project - NCBO Ontology Tools - i2b2 Wiki - Windows Internet Explorer — |EI|5|

2| X IGoc-gIe 2|

@;\, - IE hittps: ff commmunity. i2b2, orgfwikifdisplay IMCBOMCEO+Onkalogy+ Toals E

File Edit \iew Favorites Tools Help

Go gle - 3 Search =
3

- More 3> _ Signin K v &Conwert - [P0 Select

U G @ B - ) pege v ook - @ i
Dashboard » i2b2 Sponsored Project - NCBO Ontology Tools » NCBO Ontology Tools Login 1IN |EEELEE

Search

./3."2 b2 gF Add = £ Tools -
=) ""WIKI NCBO Ontology Tools

2011 (view change

&1 Last modified o

i2b2 Sponsored Project - NCBO Ontology Tools

The i2b2 Hive software is composed of core modules called ‘cells’ that create a system to allow the use
of patient data for research. These cells communicate through web services and use i2b2 standard XML
messages to transfer ontology-related metadata. To date. a subset of ICD-9 has been provided with the
i2b2 demo software package. There has been a need in the community for access to a complete 1ICD-9
ontolagy as well as other clinical-based ontologies

MCBO hosts a repository of biomedical ontologies. These ontologies are stored in formats that are not
understood by i2b2. A tool has been developed to not only extract these ontologies via bioportal REST
senvices, but to transform them into a format that is understood by the i2b2 ONT cell

Tutorials

i2b2 Ontology Tutorial.pdf - Follow along for a step by step example of how metadata trees are created
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1) make i2b2 formatted ontologies with NCBO Services

Pull data from NCBO via REST services.
Reorganize information into format used by i2b2 Ontology cell

bioportal/virtual/ontology/2018/all
<data>
<pageNum>1l</pageNum>
<numPages>1934</numPages>
<pageSize>50</pageSize>
<numResultsPage>50</numResultsPage>
<numResultsTotal>96677</numResultsTotal>
<contents
class="org.ncbo.stanford.bean.concept.
ClassBeanResultListBean">
<classBeanResultList>
<classBean>
<id>http://ihtsdo.org/snomedct/
clinicalFinding#10000006</id>
<fullld>http://ihtsdo.org/snomedct/
clinicalFinding#10000006</fullld>
<label>Radiating chest pain</label>
<type>class</type>
<relations>.....
<entry>
<string>CONCEPTSTATUS</string>
<list>
<string>0</string>
<flist>
</entry>
<entry>
<string>SubClass</string>
<list/>
<lentry> ......

-

DATA TYPE DATA TYPE
METADATA COLUMN (ORACLE) (SQL)
C_HLEVEL INT INT
C_FULLNAME VARCHAR2(700) VARCHAR (700)
C_NAME VARCHAR2(2000) VARCHAR (2000)
C_SYNONYM_CD CHAR(1) CHAR(1)
C_VISUALATTRIBUTES | CHAR(3) CHAR(3)
C_BASECODE VARCHAR2(50) VARCHAR (50)
C_METADATAXML cLoB TEXT
C_FACTTABLECOLUMN VARCHAR2(50) VARCHAR(50)
C_TABLENAME VARCHAR2(50) VARCHAR(50)
C_COLUMNNAME VARCHAR2(50) VARCHAR (50)
C_COLUMNDATATYPE VARCHAR2(50) VARCHAR (50)
C_OPERATOR VARCHAR2(10) VARCHAR(10)
C_DIMCODE VARCHAR2(700) VARCHAR(700)
C_TOOLTIP VARCHAR2(900) VARCHAR(900)
UPDATE_DATE DATE DATETIME
DOWNLOAD_DATE DATE DATETIME
IMPORT_DATE DATE DATETIME
SOURCESYSTEM_CD VARCHAR2(50) VARCHAR(50)
VALUETYPE_CD VARCHAR2(50) VARCHAR (50)




2) Providing mappings using NCBO services

Mapping cell
m Need for mapping different site-specific ontologies in cross-institutional
settings. (SNOMED_CT ** ICD-9, RxXNORM *>*NDC)
m First look for locally mapped data
m Then seek mappings through NCBO services.
http://bioportal.bioontology.org/mappings/service/1101/

NCBO

REST
XML
Request to map local code < T SR 4

e (=== Locally

ICD9 > SNOMED_CT Mapped data




3) Integrating two i2b2 ontologies with NCBO services

Integrate ICD-9 into SNOMED
m For each SNOMED term, find a mapped ICD9 term:

Request to integrate

| =

ICD9 into
SNOMED_CT

< >

Add new terms with
SNOMED hierarchy,
ICD9 name, basecode

SNOMED with

ICD9 Data

NCBO
REST
XML
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Tools for Community

Shared Wiki Documentation
http://community.i2b2.org/wiki

JIRA Bug Tracking
http://community.i2b2.org/jira

Source Code Subversion Repository
http://svn.i2b2.org/svn/i2b2/trunk

Web site for i2b2 distribution and documentation
https://www.i2b2.org/software
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‘Welcome to the i2b2 wiki, the central place for communication between the i2b2 community and developers.

The various Spaces below are your entry points to i2b2 information. You may browse these pages anonymously. If you are

the manager of an i2b2-related project, you can request a Wiki site to be created for your project.

£3 Feed Builder

Spaces: W‘

@ Developers Getting Started With i2b2
Are you a new developer to i2b2? Read this section on how to get started, including instructions
on obtaining software a...

@ i2b2 Academic Users Grou

This space accepts documents from AUG members, as well as containing the threads from our
AUG email.

@ i2b2 Developer's Forum
In depth discussions and postings from the core i2b2 team on enhancing performance, exploring
advanced options, and futu...

@) i2b2 Official Releases

Read the Release Notes and publicly announced issues for current and previous versions of the
i2b2 software

@ i2b2 Roadmap
The i2b2 Roadmap describes future versions of i2b2, including major software enhancement
plans

Search

Favorite Pages
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pages on your favorites list.

‘You can add pages to this
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Upcoming Releases

Development Status

@’ PARTNERS.

HEZarTOTARE BYSTENX



Participating in i2b2 sponsored projects

g‘a\
%t%f)\ \//'\ Programmer
X
\rjzg!: Working
A f
Programmer Programmer Programmer
Gets copy of Checks out Gets copy of
Code Code Code
Programmer
Checks in
Code
Main
Branch B
All other
programmers

are blocked
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Working on a sponsored project

1. Review the current spreadsheet

2. Select an item you want to work on.
3. Log into JIRA which is http://community.i2b2.org/jira
4. Enter an issue for the bug you are going to fix.

5. Assign the issue to yourself.

6. Keep JIRA updated throughout the development

process.
7. Once you are finished the final step is to update the

Issue in JIRA.




Webclient Sponsored Project

Dashboard » i2b2 Sponsored Project - i2b2 Web Client > Web Client Home Browse ~ Login Il [EEEL I

i2b2 Sponsored Project - i2b2 Web Client

The i2b2 Web Client is a collection of client-side components designed as an YUl AJAX-based plug-ins that communicate with
i2b2 Cells and allow the investigator to query and display the data of the hive.

Actual Screenshot of i2b2 Web Client

Developer Notes

The bugs and enhancements for the i2b2 Web Client can be found in spreadsheet attached to the bottom of this page. We
welcome you 1o take a look and see if there is anything that you would like to work on fixing or developing. In order to prevent
confusion and duplication of efforts across institutions we would like to outline the following procedure.

1. Review the current spreadsheet (attached below). .
v

] ELCE Atiassian Confluence Open Source Project License granted to i2b2. Evaluate Confluence today.

Powered by Atlassian Confluence, the Enterprise Wiki. (Viersion: hitp:/fwww. atlassian. com/software/confluence Build:#3.3.1 http:/www.atlassian.com/software
feonfluencedtour/enterprise-wikijsp) 1 Copyright Info

The i2b2 Web Client is
a collection of client-
side components
designed as an YUI
AJAX-based plug-ins
that communicate with
12b2 Cells and allow the
Investigator to query
and display the data of
the hive.



Access sponsored code via SVN

Java - webclient/js-i2b2/cells/ONT/ONT_view_Find.js - Eclipse SDK - /Users/mem6&1/Documents/workspace-webclient

e %0 Q- | S8 G- SO &~ BT S-S
BE =800 (Checkout from SYN ) =g
Select Folder

vebclient] VN
Select the folder to be checked out from SWN. %

i |

rarchy |

;,

¥ [ http://community.i2b2.org/repos/i2b2 B s Coraan
P = releases
P [=tags
¥ = trunk
¥ &= sponsored L
¥ (= webclient [ ]
b = assets : O
» = help
B = js-ext
b B js-izb2

onj
(LI

EG Synchronize | G} SVN Propertie

® [ < Back ] MNext = [ Cancel ) Finish




Jira Bug Tracker

i2 b2 Issue & Bug Tracker

PEELLGEIGERR S Projects! v Issues: »  Administration |

Welcome to the i2b2 Issue & Bug Tracker!

Issues and bugs found in the i2b2 software and related projects are posted and tracked
on this web site. You can report a bug or feature request by using the Create Issue link
found at the top-right of the header bar.

Developers:

If you are the developer of an i2b2-related project and would like to have a new Project
created here to track your issues, please contact Mike Mendis

“ CTRgrid (Clinical Translational Research GRID) (CTRGRID) @ - ? -
Lead Rob Wynden
BN 12b2 (LEOPARD) g ? M
Lead Mike Mendis

+
B 12b2 Crimson (CRIMSON) [~ v~
Lead Brian Wilson

+
B ontology Mapper (ONTMAP) M- v~
Lead Rob Wynden

[WWLCHNEL LI HE S Cuick Search

+ Create Issue

=P Add Gadget 7 Edit Layout #J: Tools ~

You have no favorite filters at the moment.

Create Filter Manage Filters

Assigned to Me

Key
LEOPARD-85

LEOPARD-10

LEOPARD-14

LEOPARD-17

LEOPARD-19

LEOPARD-20

LEOPARD-21

LEOPARD-22

LEOPARD-23

[ A 0 R e o N o A oW A o Y rm A e A T

LEOPARD-24

Summary

MNew VM install fails to connect under Solaris

Suggestions for improvements to installation
documents

ontology.terminal.delimeter has unpredictable affects

query by query definition: "total_item_occurrences”
must always equal 17

query_timing of SAME causes error in sql query
generation.

Implementation of Query Result Type
PATIENT_ENCOUNTER_SET

i2b2 thin client "Set value” search using >= returns
incorrect values

webclient cannot handle & character in ¢_name
column

Cannot use the same concept in both group 1 and
group 2 with a set value on both

Set Value functionality does not reset itself until you
force it by specifying "No Value" and pressing OK
(even though "No Value" is already selected)

=y

g




Webclient Sponsored Project

indows Internet Explorer =] 3]
CISh |& ] hitn moh.harvard.edujwebclient =l #2 1 x| [5acqi Bl N eW featu res .
Fle Edk Wew Favorkes Tooks Help :
Gougle ‘ j search o @ - mm - CH - g Share~ S | 7 . sinInv  Econvert - [Select
% @izbe web Cient T - Bl - = - shpage - iTooks -+ 7
izb2 Query & Analysis Tool Project RA Mart Test User lori Find Patients | Analysis Tools | Message Log | Help | Logout

Performance Report

- eeaons Temporal Canstant & Online Hel P

e P e e Patient Breakdown
Printing

e Cancel Query

o | o | Query Status

Patient Count

P Terms o eis 0
[BlizbzNetaData Query Name: [ Arterial vascul@14:27:28 ]

[ arterial vascular disease

toow [ ewee][ 0]
EICIS I oy oo |

@R Arterial vascul@14:48'59 [3-4-2011] [lep5] u Finished Query: "Arterial vascul@14:48:59" [19.2 secs] =
= {5 Arterial vascul@14:27:28 [3-4-2011] [lcps] Compute Time: 15.3 secs

2} Arterial vascul@14:11:32 [3-4-2011] [lcp5] Status

&R Arterial vascul@08:59:35 [3-4-2011] [leps] SORT PANEL: 0.362 sacs

(5 Arterial vascul@05.15:46 [3-3-2011] [lepd] BUILD SQL: 0.743 secs

. F dctari A4 5 AS T 11441 ll~n 51 = EYECLITE S0 o ITELL - 4 72 —

[

| [T T [ reemet H100% - 4




Patient Breakdown

wrbrpen bt Expiorer

v = | itscliphatbtaspdrmohharvard edfrebobensi

Dle [dt Yew Fgorbes Took  Hep

Gogle o] s - @ - - e | @ B[ 2

WG @ we ot
izbz Query & Analysis Tool

Project A Mat Test

Find Pationts | Analy

e | o verms

L

| weny Tod |

‘Qury Nam: [ Lrieral ascui@14 27 28 ]

Temparsl Constraint.

Tonat a8 trsues mmameerts -]

Exciude || Daten | Oewes » x| Exziude || Daiea | Cecura » x| Exciuse

| ooy | cmar | e cuey R I N LY I

Fom
Uale: 13
Unkrgwn O

Gender patient Dreakoown for “Arterial vascul 44845 =

[T TS i vt R -

§EG
=
E--E@ Results of Endocrine disor@14:17:31 [3-3-2011] [obfsc] m patient_count: 34 m
[ Palient Set - 36 patients -
@ Encounter Set - 3375 encaunters Race patient breakdown for "Endocrine disor@14:17:31
£ Patient Count - 36 patients | g:':;ﬂl?:z:lndlan' 0 |
s - rs
g# E?r‘l.d:r ;A:oatlem_brefahkdmlnr:l - 36 pjatlemi.‘ Y Asian: © 3




Online Help

izbz Query & Analysis Tool Project: Demo User: lori

| e N .
. |12b2 Web Client Help

+:i2b2 Find Terms 12B2 WEB CLIENT HELP

+2b2 Navigate Terms

+:i2b2 Previous Query I12B2 FIND TERMS VIEW

+ i2b2 Query Tool The Find Terms view is designed to allow users to search for concepts. Users can search by the name or
+2b2 Workplace by a particular code. Once the appropriate concept is found it can be used in many of the i2b2 views and

plug-ins, such as the Query Tool view and Timeline plug-in.

Introduction
This section describes the layout and contents of this view.

el

Layout of the Find Terms View
The Find Terms view allows users to search for a concept or group of concepts. There are basically two
methods of searching available;(1) by name and (2) by code.

Search by options Search by Names | | Search by Codes | _

| Containing v| |

==
ﬁ | Any Category v |

Search Criteria

4
e | v
[E
=
E-[F Circulatory sys@20:05:56 [3-1-2011] [lcp5] [
IZZI--EE Cirgulatory sys@18:34:22 [3-1-2011] [lcps] 2
mFl Cirrulaton: sus@18:-29-50 [3-1-20411 llensl b1




Other Changes

izbz Query & Ana[ysrs Tool Project: Demo User: lori Find Patlents | Analysis Tools | Message Log | Help | Logout
[| Find Terms | Query Tool T e
--@ Clinical Trials Query Name: | |
E o Mot Temporal Constraint: | Treat all groups independently

Ié|--_ Ontolooy
= \

{731 Demagraphics - 133
]--ﬁl Diagnoses - 133
ZI--E [Expression Profiles Data - 0]

{5 Laboratory Tests - 133

[
[
[
£

e

4

Workplace

&
[l

=5 icps
& SHARED

o [« &

Group 1 Group 2 Group 3
Dal.as Cecurs > 0x Emuds Dates | Oceurs > Ox Ex::hdn Dates | Oceurs > Ox Exduda

Treat Independently « | | Treat Independently + | | Treat Independently |

dropa
term
on here

(][ |[Wew Group ][ ][ |

Query s

[]—-[E Cireulatory sys@14:28:19 [3-4-2011] [leps]
[]—-[E Circulatory sys@13:50:10 [3-4-2011] [lep5]
[]—-[E Cireulatory sys@20:11:11 [3-1-2011] [lepS]
-5 Circulatory sys@20:05:56 [3-1-2011] [lcp5]
-7 Circulatory sys@18:34:22 [3-1-2011] [lcp5]
m-Fal Circiilatom sysfm4R8-29:-50 [-1-204111 [lenkl
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