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Use Ontology to Drive:

• Creation of Alternative Data Models from i2b2
• Desirable when supporting computation directed to various 

data models

• Allowing there to be Multiple Fact tables in i2b2
• Desirable when want i2b2 on top of other data models
• Desirable when accumulating large static fact tables

• Distribution of Queries to Multiple i2b2 Hives
• Desirable when Query Endpoint is not SQL



Creation of Alternative 
Data Models from i2b2

Jeff Klann Ph.D.



[Other]

I2b2 is a Giant Data Sponge

Generally Represents Patient Data

PCOR CDM NCATS ACT



i2b2 Star Schema

observation_fact

PK Patient_Num

PK Encounter_Num

PK Concept_CD

PK Observer_CD

PK Start_Date

PK Modifier_CD

PK Instance_Num

 End_Date

 ValType_CD

 TVal_Char

 NVal_Num

 ValueFlag_CD

 Observation_Blob

visit_dimension

PK Encounter_Num

 Start_Date

 End_Date

 Active_Status_CD

 Location_CD*

patient_dimension

PK Patient_Num

 Birth_Date

 Death_Date

 Vital_Status_CD

 Age_Num*

 Gender_CD*

 Race_CD*

 Ethnicity_CD*

concept_dimension

PK Concept_Path

 Concept_CD

 Name_Char

observer_dimension

PK Observer_Path

 Observer_CD

 Name_Char

1

∞

∞

∞

∞

∞

∞

1

modifier_dimension

PK Modifier_Path

 Modifier_CD

 Name_Char

∞

∞



Concept_dimension “look” …



New Information Model Ontology

Consensus Ontology 

can live alongside 

other ontologies 

(For example: 

PCORNet CDM 

ontology and the i2b2 

demo ontology in this 

case) 



Adapting i2b2 to PCORNet Data Model

1. Ontology-Driven Physical Transformation into 
PCORNet Common Data Model with a Generalizable 
approach to adapt to other Common Data Models

2.   Implement a SHRINE adapter enabling participation in 
a peer-to-peer network



Physical data transformations to
non-i2b2 formats ontology driven





ARCH Network Participation

SHRINE  
Hub

SCILHS CDM 
Information Model



Extending i2b2 for 
Multiple Fact Tables

Lori Phillips MS



i2b2 Star Schema

observation_fact

PK Patient_Num

PK Encounter_Num

PK Concept_CD

PK Observer_CD

PK Start_Date

PK Modifier_CD

PK Instance_Num

 End_Date

 ValType_CD

 TVal_Char

 NVal_Num

 ValueFlag_CD

 Observation_Blob

visit_dimension

PK Encounter_Num

 Start_Date

 End_Date

 Active_Status_CD

 Location_CD*

patient_dimension

PK Patient_Num

 Birth_Date

 Death_Date

 Vital_Status_CD

 Age_Num*

 Gender_CD*

 Race_CD*

 Ethnicity_CD*

concept_dimension

PK Concept_Path

 Concept_CD

 Name_Char

observer_dimension

PK Observer_Path

 Observer_CD

 Name_Char

1

∞

∞

∞

∞

∞

∞

1

modifier_dimension

PK Modifier_Path

 Modifier_CD

 Name_Char

∞

∞





= fact tables

Patient
(dimension)

Visit
(dimension)

OMOP v5





= fact tables

Patient
(dimension)

Visit
(dimension)

OMOP v5

= dimension tables



Ontology Tables Need to be Created -
Build ontology of OMOP standard 
concepts



Create views for OMOP Fact 
Tables 



Use Ontology Tables to direct 
Queries to proper Fact Table view  



Queries can be performed in i2b2



Successful OMOP Queries:

• Query types included
• Multi-panel, multi-domain queries

• Date constrained queries 

• Occurs > x queries 

• Value constrained queries

• Temporal queries

• Queries not fully worked out
• Modifier queries 

• Ancillary tables

• Cover all OMOP Ontologies



Same Approach to PCORNet CDM



Demo of linking OMOP and i2b2 web 
services

• Medicare Claims Synthetic Public 
Use Files (SynPUFs)  in OMOP v5 
CDM is background data set

• https://www.i2b2.org/webclient/
• Username: omop

• Password: demouser



Distribution of Queries 
to Multiple i2b2 Hives

Christopher Herrick MBA



Hives Distributed in a Network

I2b2

Biobank 

Repository

I2b2/tranSMART
Genomic 

Repository

observation_fact

PK Patient_Num

PK Encounter_Num

PK Concept_CD

PK Observer_CD

PK Start_Date

PK Modifier_CD

PK Instance_Num

 End_Date

 ValType_CD

 TVal_Char

 NVal_Num

 ValueFlag_CD

 Observation_Blob

visit_dimension

PK Encounter_Num

 Start_Date

 End_Date

 Active_Status_CD

 Location_CD*

patient_dimension

PK Patient_Num

 Birth_Date

 Death_Date

 Vital_Status_CD

 Age_Num*

 Gender_CD*

 Race_CD*

 Ethnicity_CD*

concept_dimension

PK Concept_Path

 Concept_CD

 Name_Char

observer_dimension

PK Observer_Path

 Observer_CD

 Name_Char

1

∞

∞

∞

∞

∞

∞

1

modifier_dimension

PK Modifier_Path

 Modifier_CD

 Name_Char

∞

∞

Clinical Data 

Warehouse

I2b2

I2b2/BRISSKit

I2b2
Text Notes 

Repository



Hives Distributed in a Network

I2b2

Biobank 

Repository

I2b2/tranSMART
Genomic 

Repository

observation_fact

PK Patient_Num

PK Encounter_Num

PK Concept_CD

PK Observer_CD

PK Start_Date

PK Modifier_CD

PK Instance_Num

 End_Date

 ValType_CD

 TVal_Char

 NVal_Num

 ValueFlag_CD

 Observation_Blob

visit_dimension

PK Encounter_Num

 Start_Date

 End_Date

 Active_Status_CD
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patient_dimension
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 Birth_Date

 Death_Date

 Vital_Status_CD

 Age_Num*

 Gender_CD*

 Race_CD*
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concept_dimension

PK Concept_Path

 Concept_CD

 Name_Char

observer_dimension

PK Observer_Path

 Observer_CD

 Name_Char

1

∞

∞

∞

∞

∞

∞

1

modifier_dimension

PK Modifier_Path

 Modifier_CD

 Name_Char
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Clinical Data 

Warehouse

I2b2

I2b2/BRISSKit

I2b2
Text Notes 

Repository

?



A Patient Information Commons 
from Specialized i2b2 Hives 

Enterprise of Specialized Hives

observation_fact

PK Patient_Num

PK Encounter_Num

PK Concept_CD

PK Observer_CD

PK Start_Date

PK Modifier_CD

PK Instance_Num

 End_Date

 ValType_CD

 TVal_Char

 NVal_Num

 ValueFlag_CD

 Observation_Blob

visit_dimension

PK Encounter_Num

 Start_Date

 End_Date

 Active_Status_CD

 Location_CD*

patient_dimension

PK Patient_Num

 Birth_Date

 Death_Date

 Vital_Status_CD

 Age_Num*
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 Ethnicity_CD*

concept_dimension

PK Concept_Path

 Concept_CD

 Name_Char

observer_dimension

PK Observer_Path

 Observer_CD

 Name_Char

1

∞

∞

∞

∞

∞

∞

1

modifier_dimension

PK Modifier_Path

 Modifier_CD

 Name_Char

∞

∞

I2b2/tranSMART

I2b2 services on 
Text Processor

Text Notes 
repository

Genomic 
repository

I2b2Biobank 
repository

Parent i2b2 Hive

I2b2



Pa

Pb

Pc

The Parent Hive Distributes Queries

P1 H1 H2 H3

P2 H1 H2 ?

P3 H1 ? H3

Ontology
Patient Resolution

Query Distribution Engine

SUBQUERIES

MASTER
QUERY



Unstructured 

Big Data

P1 F1

P1 F2

P2 F1

P3 F2

Extracted

Features

(i2b2 Observation-

Fact Table)

P3 F1

?

Classifies 

New Features 

in Data

Index

Data

Ontology

P1 F2

P3 F2

Perform 

Query

Extract

Features

Output 

Query

Output

Patient Set

Matrix

The Child Hives Return Queries

SUBQUERY



Pa

Pb

Pc

The Parent Hive Returns Results

P1 H1 H2 H3

P2 H1 H2 ?

P3 H1 ? H3

Ontology
Patient Resolution

Query Distribution Engine
SUBQUERY
RESULTS

MASTER
RESULT



Common Sequence for Research Registries

• 1) A researcher creates a registry of patients

• 2) Data is collected on the patients
• Abstracted from clinical chart as summary data and 

imaging

• Questionnaires are given and/or Interviews with 
patients are performed

• 3) Data is analyzed and published

• Opportunity is lost – many researchers wish to 
combine with fresh clinical data and data from 
other registries



Two Approaches for Connecting Data

Enterprise Centric

Data is shared with all researchers across 

the enterprise.  This is similar to how the 

Research Patient Data Registry (RPDR) 

currently displays and shares data with 

investigators across all of Partners.

Registries that 

become part of the 

enterprise centric 

view allow their data 

to be easily tied and 

queried with other 

enterprise wide data 

sources in the Big 

Data Commons. 

This mode requires researchers to 

have the proper consents in place for 

their data to be queried from an 

enterprise level.  Access to the 

identified data would still be 

controlled by the individual registry 

groups

Registry Centric

Data is imported into a registry for easier 

querying and analysis of patient cohorts; 

however, that data is not made readily 

available to the greater enterprise

Registries can supplement 

their project specific data 

by connecting with 

enterprise available 

datasets that are part of 

the Big Data Commons 

network.  Access to the 

enterprise sets allow 

investigators to fill in 

important data gaps they 

may have with their own 

data

This mode is important if researchers have 

not collected the proper patient consents or, 

for other reasons, are not able to make their 

data available to the broader enterprise.  

Investigators would still be able to grant 

access to individual researchers who wish to 

collaborate.



An Enterprise Centered Data Network

Research Repository

Broad repository of clinical data made 

available for research is the center 

point for all querying.  Contains the 

entire Partners patient population.  

Genomic Data

Genomic data collected 

through the Biobank lives 

in a separate repository, 

but is made available for 

connecting with clinical 

data.  All patients within 

the Biobank are 

accessible

Imaging Repository

DICOM Metadata is 

extracted from images 

downloaded from mi2b2.  

This may be supplemented 

by a limited amount of tags 

on all images given to us by 

Radiology group.  Contains 

references to all patients 

from who we have imaging 

data

Notes & Reports

Notes and reports on all 

patients are collected and 

put into a separate data 

repository that can be full 

text indexed. Specific 

security precautions are 

used to limit the PHI that 

can be queried directly

Project Registry

Individual research groups 

may contribute their data 

or findings back to the 

Partners enterprise for 

querying and use by all 

researchers across the 

organization.  Data is used 

for the greater good.



A Registry Centered Data Network
Project Registry

The central access point for this type 

of data network is the project specific 

registry.  All queries will be limited to 

the patients that are part of this 

project.

Genomic Data

Genomic data 

collected through 

the Biobank lives in a 

separate repository, 

but is made available 

for connecting with 

clinical data.  Only 

patients contained 

in the project 

registry can be 

queried within this 

network

Imaging Repository

DICOM Metadata is extracted 

from images downloaded from 

mi2b2.  This may be 

supplemented by a limited 

amount of tags on all images 

given to us by Radiology 

group.  Contains references to 

all patients from who we have 

imaging data. Only patients 

contained in the project 

registry can be queried 

within this network

Notes & Reports

Notes and reports on all 

patients are collected and 

put into a separate data 

repository that can be full 

text indexed. Specific 

security precautions are 

used to limit the PHI that 

can be queried directly

Only patients contained 

in the project registry can 

be queried within this 

network

Clinical Data

Repository that contains 

most clinical data from 

legacy systems as well as 

Epic for all patients across 

the enterprise. Only 

patients contained in 

the project registry can 

be queried within this 

network
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• BRISSKit is open source Biomedical Research Software as a Service Kit
• Developed by University of Leicester
• Allows spreadsheets of data to be auto imported into an i2b2 hive 



Instantly Connected Databases 
in the Big Data Commons

Enterprise

Department of

Imported Registry



From Registry

From Biobank Portal



Perform Queries Obtain Summary Tables

Link to Detailed Data

Services



Atlases provide a visual guide for Radiology 
Decision Support, such as determining Perinatal 
Hypoxic Ischemic 
Encephalopathy  

ADC map from 4 infants: 
Each statistically compared 
to age matched atlas yields 
visual guide to pathology

Quantitative analysis tools 
+ large data sets = Great 
insights for practicing 
doctors



Presentation of Baby Brains 
Registry in i2b2



Sign the
DUA



Definition to Extract Table for 
Analysis



Table Extracted 



Images Viewable



Non-EMRS Person

Flow of Healthcare Innovations

Clinical
Data

Analytic EHR Data 
Representation

fact
s

fact
s

fact
s

Registries

fact
s

Healthcare Big Data Commons

Imaging
Repository

Genomic 
Data

Present Results in 
EMR SMART Apps

Learning from Patient 
Features

Machine Learning 

Patient Features 
from Big Data



Tribute to…
 Biobank Team

 Natalie Boutin

 Scott Weiss

 Vivian Gainer

 Innovation Team

 Randy Gollub

 Sandy Aronson

 Heidi Rehm

 Calum MacRea

 I2b2/BD2K Core Team

 Issac Kohane

 Paul Avillach

 Griffin Weber

 Christopher Herrick

 Alyssa Goodson

 Lori Phillips

 Michael Mendis

 Victor Castro

 Janice Donahoe

 Nich Wattanasin

 Wayne Chan

 David Wang

 Mike Ollendieck

 Jeff Klann

 Andrew Cagan

 Bhaswati Ghosh

 Retta Metta



Thank You
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Multi-Fact Table in 
Genomic Use Case

Alyssa Goodson MS



Use of Static Genomic Fact Table

Phenotype
Data

Genotype Data



metadata lines in the form of 
key=value pairs that define the data 
type and format of specific columns

eight mandatory tab-delimited columns with the headers: 
#CHROM, POS, ID, REF, ALT, QUAL, FILTER, and INFO

• FORMAT column (optional) is used and contains the “GT” keyword to 
specify that genotype data exist

• The #CHROM, POS, REF and ALT fields are taken directly from the 
MEGA Consortium chip manifest file provided by Illumina

• ID field contains unique id for each position
• QUAL and FILTER fields are not utilized for these data
• Annotations for each position are stored in the INFO column

Final column = genotype of the 
individual at this genomic position

https://samtools.github.io/hts-specs/VCFv4.2.pdf

Variant Call Format (VCF)

• A specification maintained by the Global Alliance 
Data Working Group File Formats Task Team

• Used for describing genomic positions (loci)

https://samtools.github.io/hts-specs/VCFv4.2.pdf


ETL

#CHROM POS ID REF ALT … INFO … SUBJECT_1

1 752566 rs3094315 G A … RSID=rs3094315;VariantEffect=FAM87B|NR_103536.1:n.-185G>A|p.=|upstream … 1/1

PATIENT_NUM CONCEPT_CD INSTANCE_NUM VALTYPE_CD TVAL_CHAR NVAL_NUM OBSERVATION_BLOB

1 SO:0001483 338720 B CHROM_1 752566 rs3094315,G_to_A,FAM87B,homozygous_ref,upstream,ID_rs3094315

Block 
zipped 

VCF

.NET C# ETL 
with 

SQLBulkCopy
i2b2

•Chromosome
•Position
•ID
•Reference Allele
•Alternate Allele
•Annotations
• dbSNP RS ID
• Gene Name
• HGNC nomenclature
• Protein Change
• Consequence
•Genotype

•Chromosome
•Position
•ID
•Reference Allele
•Alternate Allele
•Annotations
• dbSNP RS ID
• Gene Name
• HGNC nomenclature
• Protein Change
• Consequence
•Genotype

V
C

F
FA

C
T



I2b2 observation_fact table

LARGESTRING search of OBSERVATION_BLOB

CONCEPT_CD INSTANCE_NUM VALTYPE_CD OBSERVATION_BLOB

SO:0001483 1 B rs3094315,G_to_A,FAM87B,homozygous,upstream

SO:0001483 2 B rs3131972,A_to_G,FAM87B,homozygous,upstream

SO:0001483 3 B rs61770172,C_to_G,FAM87B,homozygous,exon

SO:0001483 4 B rs3115860,C_to_A,FAM87B,homozygous,exon

SO:0001483 5 B rs12567639,G_to_A,FAM87B,homozygous,downstream

SO:0001483 6 B rs377214516,C_to_T,LINC01128,homozygous,upstream

SO:0001483 7 B rs540936498,C_to_T,LINC00115,homozygous,exon

CONCEPT_CD
• Two concepts with codes from Sequence Ontology: SNP (SO:0001483) or indel (SO:1000032)

INSTANCE_NUM
• The set of all SNPs for each patient will all have the same encounter number and date
• The concept codes will be the same for all SNPs (SO:0001483) and for all indels (SO:1000032). 
• The set of all SNP facts will be enumerated in the instance_num field to make the primary key unique, as will the set of all indels.

VALTYPE_CD
• always equal “B” to indicate that data are stored in the observation_blob field and to trigger the full text search already existing in the i2b2 environment

TVAL_CHAR
• Chromosome

NVAL_NUM
• Position

OBSERVATION_BLOB
<RSID | “missing_rsid”>,<REF_TO_ALT>,<GENE_SYMBOL | “missing_gene”>,<ZYGOSITY | “missing_zygosity”>,<CONSEQUENCE | “missing_consequence”><CHIP_ID>



Ontology Formulation













Query Formulation in SQL

dbSNP rs identifier
select count(distinct patient_num)

from observation_fact

where contains(observation_blob, 'FAM148 AND (stop_loss OR 

missense)')

Gene Name
select count(distinct patient_num)

from observation_fact

where contains(observation_blob, 'rs183605470 AND 
heterozygous')



Times to complete queries

0

1

2

3

4

5

6

7

8

9

Se
co

n
d

s

Queries 1 - 25

Seconds to Complete
25 Consequtive Queries

One term SNP query

Two term SNP query

Three term gene query


