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The i2b2 Hive is centered around two concepts.
The first concept is the existence of services
provided by applications that are “wrapped” into
functional units, such that their functionality are
exposed as messages that travel to and from the
various cells of the hive. The second concept is
that of persistent data storage, which is managed
by the cell named the “Clinical Research Chart”.
This presentation describes the concepts behind
the Clinical Research Chart, which serves as the
data repository for the Hive.
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What is the i2b2 Hive?

i2b2 National Center for Biomedical Computing -

We will begin with discussing the rational
behind the creation of an i2b2 Hive.
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12b2 Hive

Formed as a collection of interoperable
services provided by i2b2 Cells

Loosely coupled
Makes no assumptions about proximity
Connected by Web services

Activity can be directed manually or
automatically

i2b2 National Center for Biomedical Computing -

The Hive is a collection of interoperable
services provided by i2b2 Cells. As a
collection they are loosely coupled and
generally do not know about each other,
iIncluding their relative locality. Instead
activity in the Hive is directed through the
use of Web services that are invoked
manually by the user through a specific
user interface, or automatically by
workflow engines.
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12b2 Cell

Behaves as a functional service

Separates interactions conceptually into
transactions and minimal data semantics

Focuses on facilitating transactions with
simple semantics (e.g., datatype)

Leaves deep semantic relationships to be
defined by the services provided by a Cell

No programming language restrictions

i2b2 National Center for Biomedical Computing -

An i2b2 Cell can be considered a
functional service with two parts. The
transactional component is explicit and
defines only minimal data semantics,
making this communication
straightforward. The deeper semantics
that may describe relationships between
objects and data are left to be defined by
the Cell services and interpreted by the
user of those services. Because the
interface is a Web service, there are no
language restrictions for creating a Cell.
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i2b2 Cell: Canonical Hive Unit

Business Logic [

Data Access

Data Objects HTTP XML

(minimum: RESTful, others
like SOAP optional)

Programmatic
Access

i2b2 National Center for Biomedical Computing -

The i2b2 Cell is the basic building block
of an i2b2 environment, and
encapsulates business logic as well as
access to data objects behind standard

Web interfaces. These may be as simple
as XML or RESTful services, or SOAP.
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Cell examples

Concept extraction from clinical narratives
De-identification

Data conversions

Analytics

Data storage

i2b2 National Center for Biomedical Computing -

Some examples of cells are noted above,
and range from repository services to
basic data conversion. There is no
restriction on how simple or complex a
service a Cell can provide.
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Modeling the Message

e i2b2
— Header/Wrapper

— Body

» Cohorts
— Cohort
« Patients with their related:
¢ Clinical Data
* Genotypic data
» References to related files (images, .CEL, .zip, etc)

i2b2 National Center for Biomedical Computing -

The overall model for an i2b2 compliant
message is an XML schema that defines
a header or wrapper for management of
the basic communication, and then a
message body that contains patient sets
with their related clinical phenotypic and
genotypic data as well as references to
other data objects.
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12b2 Cell:

Client Component

i2b2
S
Business Logic
Data Access HTTP XML

Data Objects

User Access

(Minimize this approach)
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Many i2b2 Cells will have one or more
corresponding visible client components
that a user can interact with directly.
These clients will often be created by the
Cell developer, but should utilize the
public Web services interface to access
the Cell, rather than any private
communication mechanisms. There may
be some situations where the latter will
be unavoidable.
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Exposing Cells

» At a low level for integrators; ie,
bioinformaticians & software engineers

At a functional level for investigators

* i2b2 toolkits to allow integrators to expose
controlled functionality to investigators so
it may be used in workflows.

i2b2 National Center for Biomedical Computing -

The goal of the i2b2 Cell is to expose
functionality at many levels to many roles
In the genomics research domain.
Bioinformaticians and software engineers
will want to develop and wire together
Cells, where investigators will want to use
visual tools. A intermediate role may be
the most important: those integrators who
can construct applications on top of i2b2
Cells to create domain-specific
workflows.
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Traversing the i2b2 Hive

i2b2 National Center for Biomedical Computing

Cells may invoke other Cells. This means
that a developer can independently
create complex behavior and user
interfaces to “wrapper” the functionality of
existing Cells.
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12b2 Hive

Language Genomic

Project Natural Annotating
Management Processing Data #2
File
Repository

Ident|f|cat|on

Of data
Ontology Identity PFT
Management Management Processing
s Workflow
REpesitel) Framework
(CRC)
Annotatl_ng Correlation Annotating
Genomic Analvsis Imaging
Data #1 y Data
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The i2b2 Hive, then, consists of a number
of core Cells that establish basic
services, as well as any number of
additional Cells to provide enhanced
services. ltis intended to be a scalable
approach for managing an increasing
number of independently developed
software services for clinical research.
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Why create the Clinical Research
Chart?

i2b2 National Center for Biomedical Computing -

We will continue by discussing the use
case for creating a special cell to hold
clinical and research data
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Barriers to Clinical Research

Clinical documentation (phenotyping) is
not targeted for research use.

Lack of integrated patient-oriented,
detailed genotypic data

Data ownership issues are unique
Consent issues are a challenge

i2b2 National Center for Biomedical Computing -

The complexity of raw clinical data is too
high for it to be used easily in research.
Most genetic data is available by
experiment, not by orientation around a
patient. Data goes through a cycle of
ownership for exclusive use, during which
it is not considered for sharing.

Managing the consents associated with
various data is challenging.

© 2006 i2b2
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Creating Research Data Sets

Research
Data Set |

Primary data
Identification collection
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Data for research is created in small sets
to achieve the goals of the specific
research study.
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ners current model

Research
Data Set

O

Normalize to metadata Anonymous |
De-identify % Limited Data Set

i2b2 National Center for Biomedical Computing

! Clinical Systems | | Transform

iElectronic Records,

At institutions such as Partners
Healthcare, the data is assembled from
large amounts of clinical data.
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Research Silos Despite RPDR

Research | | Research |
DataSet | | Data Set !

Primary data Primary data
collection collection

i2b2 National Center for Biomedical Computing

Once assembled, a considerable amount
of data cleaning and integrity checking
occurs, but this curated data remains in
silos because the data formats are now
different in each silo.
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What is the clinical research
chart?

i2b2 National Center for Biomedical Computing -

We will now discuss some of the high-
level concepts of the Clinical Research
Chart
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Cllnlcal Research Chart

- - “private / project”
— Global j |
Warehouse t - 1

“shared
3 i i / central”

Data sources |

: Workfj\ows
@ -l Clinical Research Chart -

Consistent metadata +

& .
{ collection of software
w services into a clinical
@

research framework
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Fundamentally, the clinical research chart
(CRC) is built to hold medical data. The
cells of the i2b2 Hive contribute to placing
the data into the CRC, which ultimately
occurs by sending messages to the CRC.
Even at the stage of simply being multiple
stand-alone CRC'’s (A, B, and C) they
share metadata and structure with a
consistent data model.
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Integration into Shared CRC

[ Enterprise
Shared

i2b2 National Center for Biomedical Computing

Since during their creation and
management they shared a common
architecture, they can be joined together
at any point to created a large shared
CRC.

© 2006 i2b2
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What is the relationship between
the Clinical Research Chart and
the i2b2 Hive?
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The CRC is a cell in the i2b2 Hive. It
needs all of the core cells to gain
complete functionality.

© 2006 i2b2
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12b2 Environment

i D

shared / T )
central 3 Hive” of software services
: and core CRC cells

" Y 'remote
“--  Clinical Research Chart -#=
i2b2 National Center for Biomedical Computing ‘

However, it is relatively decoupled from
other cells, such that various cells that it
depends upon may be replaced by locally
built cells. For example, loading occurs
through the Identity management cell,
and the Ontology management cell is
necessary to check codes as they put
Into the repository.
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Multiple End Users

Bioinformatics/computational developer

Directed genomics investigator
General integrating developer
Clinical investigator

i2b2 National Center for Biomedical Computing

—

The CRC targets several kinds of end

users.

© 2006 i2b2
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Clinical Research Chart (CRC)
What it is

Explicitly organized and transformed
patient-oriented clinical data optimized for
clinical genomics research

An architecture that allows different

studies to come together seamlessly

An integration of clinical data, trials data,
genotypic data, and knowledge annotation

A portable and extensible application
framework (Hive)

i2b2 National Center for Biomedical Computing -

The CRC functions as the integrated data
repository for the i2b2 Hive

© 2006 i2b2
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Clinical Research Chart (CRC)
What it isn’t

» Not a way to search through hospital
clinical systems (all data must be explicitly
loaded into the CRC)

* Not a transaction system to manage
clinical trials

i2b2 National Center for Biomedical Computing -

This is functionality that the core cells of
the 12b2 Hive do not support.

© 2006 i2b2
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What is an example of how the
CRC and Hive services are being
used?

i2b2 National Center for Biomedical Computing -

Some of the functionality of the CRC is
best explained within an example clinical
iInvestigation.

© 2006 i2b2
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Use Case for Asthma Study

« Example to show how a CRC can be built
exclusively from a set of notes belonging
to a group of possible asthma patients.

i2b2 National Center for Biomedical Computing -

In this investigation of Asthma patients
we have only notes from a clinic
available. They are going to be
processed through the Hive into specific
concepts associated with patients, and
the concepts will be placed in the CRC.

© 2006 i2b2
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Querytool
(RCP Client)

12b2 DB
(Data Rep)

Phenotype Visualizer
(RCP Client)

JBoss

Tomeat NS

Viewer

Concepts from Text Cohort Mana'gement

(NLP) (RCP Client)
aelullb ey Vocabulary Viewer
(Project Mgmt) (RCP Client)

i2b2 National Center for Biomedical Computing

The data flow for the asthma study is
diagramed above.
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12b2 Hive

Natural Annotating
Language Genomic
Processing Data #2
De -
Identification
Of data

Ontology Identity PFT
Management Management Processing

Data
Repository
(CRC)

Project
Management

File
Repository

Workflow
Framework

Annotating : Annotating
Genomic Gl Imaging
Analysis

Data #1 Data
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The data will flow through the cells of the
hive in order to be placed into the CRC.

© 2006 i2b2
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Clinic no

Encrypt
Upload (Identity Mgmt)

12b2 DB
PFT Feature Extractorl (Data Rep)
(PFT Proc)

Querytool
(RCP Client)

Phenotype Visualizer
(RCP Client)

Tomeat

Viewer

Concepts from Text Cohort Management
(NLP) (RCP Client)

Administrator Vocabulary Viewer
(Project Mgmt) (RCP Cllent)

i2b2 National Center for Biomedical Computing

The clinic notes are to be added to the
CRC.

© 2006 i2b2
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Ontology

Management

Repository
(CRC)

i2b2 National Center for Biomedical Computing

The clinic notes are added through the
uploader that is part of the Identity
management cell. The names and
medical record numbers are resolved and
retained in the ldentity management cell,
from where coded information is fed to
the CRC. Notes are added to the CRC in
an encrypted format. This preserves the
CRC as a HIPAA defined limited data set.

© 2006 i2b2
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Querytool
(RCP Client)
12b2 DB
PFT Feature Extractor (Data Rep)
(PFT Proc) ‘ Phenotype Visualizer
e — = ; (RCP Client)

Administrator

: ‘ Vocabulary Viewer :
(Project Mgmt) (RCP Client)

i2b2 National Center for Biomedical Computing

Concepts froﬁ ¢ Cohort Mana'gement
(NLP) (RCP Client)

Values are extracted from the notes
associated with pulmonary function tests

(PFTs) and placed back into the CRC as
individual concepts.

© 2006 i2b2
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Ontology

Management f : /’.Processing

Workflow

ROl Framework

(CRC)

i2b2 National Center for Biomedical Computing -

Four cells are involved in the processing
on the PFT notes. The data is removed
from the CRC using the Workflow
Framework cell. Itis sent to the PFT
Processing cell one by one where the
PFTs are parsed, and the concepts are
checked for integrity prior to being placed
back into the CRC.

© 2006 i2b2
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Querytool
(RCP Client)
12b2 DB
PFT Feature Extractor (Data Rep)
(PFT Proc) Phenotype Visualizer
(RCP Client)
_ L8|

Cohort Management
(RCP Client)
‘ Vocabulary Viewer 1
(RCP Client)

i2b2 National Center for Biomedical Computing

Values are extracted from the hospital
discharge summaries and electronic
medical record notes and placed back
into the CRC as individual concepts.
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Natural
Language
Processing ~ .

Ontology

Datg Workflow
Repository Framework
(CRC)

i2b2 National Center for Biomedical Computing -

Four cells are involved in the processing
on the text notes. The data is removed
from the CRC using the Workflow
Framework cell. Itis sent to the Natural
Language Processing cell one by one
where the concepts are extracted, and
the concepts are checked for integrity
prior to being placed back into the CRC.
The process is illustrated in the
PowerPoint version of these slide by
clicking on the “Input document”.
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Data from Processing Notes

i2b2 National Center for Biomedical Computing

As a result of the import process,

phenotypic data is available that may be
queried and viewed using the CRC
Navigator application.

© 2006 i2b2
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i2b2 National Center for Biomedical Computing

NLP extracted medication and diagnosis
concepts related to asthma form the
notes.

© 2006 i2b2
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i2b2 National Center for Biomedical Computing

Physical findings and physiological test
results were extracted from the PFTs.

© 2006 i2b2
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CRC Database Principles

« Analytical database schema that does not
need to change with new data types and
concepts

» Defined fundamental unit of data (atomic
fact) = observation

» Defined metadata strategy

e Various levels of de-identification
(reviewed and approved by IRB)

i2b2 National Center for Biomedical Computing -

The data now exists in the CRC
database, which follows the above
principles.

© 2006 i2b2
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CRC Database

patient dimension isit_dimension

Patient Num

INTEGER

Vital_Status Cd
Birth_Date
Death_Date

 In_Years_Num|
Language Cd
Race_Cd
Marital Status Cd
Religion Cd
ip_Cd
StateCityZip Path
Patient Blob
Update_Date
Download Date
Import Date
Sourcesystem Cd
Upload id

VARCHAR2(3)
DATE
DATE

CHAR(1)
NUMBERPS38,0)
VARCHAR2(20)
VARCHAR2(10)
CHAR()
VARCHAR2(20)
VARCHAR2(10)
VARCHAR2(150)
cLos

DATE
DATE

DATE
VARCHARR(50)
INTEGER

concept dimension

observation fact

INTEGER
INTEGER

INTEGER
INTEGER
VARCHAR2(20)
VARCHAR2(20)

DATE
VARCHARZ(100)

Concept Path

VARCHAR(700)

Concept Cd
Name_Char
Concept Blob
Update_Date
Download Date
Import Date
Sourcesystem Cd
Upload Id

VARCHARR(20)
VARCHARR(2000)
cLos

DATE
DATE

DATE
VARCHARR(50)
IN

i2b2 National Center for Biomedical Computing

ValType_Cd
TVal_Char
NVal Num
ValueFlag Cd
Quantity Num
Units_Cd
End_Date
Location Cd
Confidence Num
Observation Blob
Update_Date
Download Date
Import Date
Sourcesystem Cd
Upoad Id

VARCHARR(3)
VARCHARR(50)

NUMBERPS(18,5)

CHAR(1)

NUMBERPS(18,5)

VARCHAR(100)
A
VARCHAR(100)

NUMBERPS(18,5)

cLoB
DATE
DATE

DATE
VARCHARR(50)
INTEGER

InOut Cd
Location Cd
Location Path
Start Date

End Date

Visit Blob
Update Date
Download Date
import Date
Sourcesystem Cd
Upload Id

VARCHARR(5)
VARCHAR(100)
VARCHARR(700)

DATE
VARCHAR(50)
INTEGER

provider dimension

Provider Path

VARCHAR(700)

Provider Id
Name Char
Provider Blob
Update_Date
Download Date
Import Date
Sourcesystem Cd

Upload Id

VARCHARR(20)
VARCHARR(2000)
0B

DATE
VARCHAR2(50)
IN

The data model for the CRC database is
shown above.

© 2006 i2b2
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<?xml version="1.0" encoding="UTF-8"?>

<PatientData xmins="http://diagon.mgh.harvard.edu/i2b2/i2b2patientdata.xsd"
xmins:x ttp://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="http://diagon.mgh.harvard.edu/i2b2/i2b2patientdata.xsd

file://diagon/i2b2/i2b2patientdata.xsd">

<provider_dimension>
<Provider_Path></Provider_Path>
<Provider_ld></Provider_|d>
<Name_Char></Name_Char>
<Provider_Blob></Provider_Blob>
<Update_Date></Update_Date>
<Download_Date></Download_Date>
<Import_Date></Import_Date>
<Sourcesystem_Cd></Sourcesystem_Cd>

</provider_dimension>

<concept_dimension>
<Concept_Path></Concept_Path>
<Concept_Cd></Concept_Cd>
<Name_Char></Name_Char>
<Concept_Blob></Concept_Blob>
<Update_Date></Update_Date>
<Download_Date></Download_Date>
<Import_Date></Import_Date>
<Sourcesystem_Cd></Sourcesystem_Cd>

</concept_dimension>

<patient_dimension>
<Patient_Id_e></Patient_Id_e>
<Vital_Status_Cd></Vital_Status_Cd>
<Birth_Date></Birth_Date>
<Death_Date></Death_Date>
<Sex_Cd></Sex_Cd>
<Age_In_Years_Num></Age_In_Years_Num>
<Language_Cd></Language_Cd>
<Race_Cd></Race_Cd>
<Marital_Status_Cd></Marital_Status_Cd>
<Religion_Cd></Religion_Cd>
<Zip_Cd></Zip_Cd>
<StateCityZip_Path></StateCityZip_Path>
<Patient_Blob></Patient_Blob>
<Update_Date></Update_Date>
<Download_Date></Download_Date>
<ImportiDate></Import_Date>
<Sourcesystem_Cd></Sourcesystem_Cd>

</patient_dimension>

<visit_dimension>

<Encounter_ld_e></Encounter_Id_e>
<Patient_Id_e></Patient_Id_e>
<InOutpt_Cd></InOutpt_Cd>
<Location_Cd></Location_Cd>
<Location_Path></Location_Path>
<Start_Date></Start_Date>
<End_Date></End_Date>
<Visit_Blob></Visit_Blob>
<Update_Date></Update_Date>
<Download_Date></Download_Date>
<Import_Date></Import_Date>
<Sourcesystem_Cd></Sourcesystem_Cd>

</visit_dimension>

<observation_fact>
<Encounter_Id_e></Encounter_Id_e>
<Patient_Id_e></Patient_Id_e>
<Concept_Cd></Concept_Cd>
<Provider_ld></Provider_|d>
<Start_Date></Start_Date>
<ValType_Cd></ValType_Cd>
<TVal_Char></TVal_Char>
<NVal_Num></NVal_Num>
<ValueFlag_Cd></ValueFlag_Cd>
<Quantity_Num></Quantity_Num>
<Units_Cd></Units_Cd>
<End_Date></End_Date>
<Location_Cd></Location_Cd>
<Confidence_Num></Confidence_Num>
<Observation_Blob></Observation_Blob>
<Update_Date></Update_Date>
<Download_Date></Download_Date>
<Import_Date></Import_Date>
<Sourcesystem_Cd></Sourcesystem_Cd>

</observation_fact>

</PatientData>

i2b2 National Center for Biomedical Computing

The CRC data model is used as a
Reference Information Model to craft the
Patient Data Object shown above, that is
the fundamental message structure for
transferring patient data.

© 2006 i2b2
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Use Case for Asthma DBI

Encrypt
(Identity Mgmt)
Querytool
(RCP Client)
12b2 DB
PFT Feature Extractor (Data Rep)
(PFT Proc) Phenotype Visualizer
(RCP Client)

Tomeat
Concepts from Text / Cohort Mana}gement
(NLP) (RCP Client)
CominiSuaior Vocabulary Viewer
(Project Mgmt) (RCP Client)

‘.

i2b2 National Center for Biomedical Computing

A human interaction with the CRC and
the rest of the i2b2 Hive is managed
through a set of client applications.

© 2006 i2b2
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Data
Ontology Project Management Repository

Management Cell Cell
Cell

Identity File Repository
Management Cell

CeII i2b2 National Center for Biomedical Computing

The cells of the i2b2 Hive communicate
between each other to maintain their
organization. For example, the ldentity
Management Cell will update the Data
Repository Cell when what was formerly
recorded as two separate patients is
recognized by the Identity Management
Cell to be both the same patient.
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Project Management

Sery,
Ontology N m\

File Repository
Service

i2b2 National Center for Biomedical Computing

For human communication, cells will
usually have a corresponding plug-in that
goes onto the i2b2 Navigator.

© 2006 i2b2
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i2b2 National Center for Biomedical Computing

The i2b2 Navigator uses the Eclipse
framework available at www.eclipse.org.
The client applications are plug-ins, and
are the most visible part of the Hive.
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i2b2 National Center for Biomedical Computing -

The exposure of these Eclipse plug-ins to
the user makes the hive appear as a
workbench for managing patient-oriented
phenotypic and genotypic data.

© 2006 i2b2
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Visualization and Analysis
Principles

» Supported application suite to query and
view CRC database contents

» QOutside applications for analysis and
viewing able to plug in to application suite

» Pipeline/Workflow application may be
used for analysis and re-entry of derived
data into CRC database

i2b2 National Center for Biomedical Computing -

Principles guiding the development of the
workbench include a loosely coupled
visual framework where independent
work from various teams of developers
can fit together.

© 2006 i2b2
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Included in the Navigator is a Query tool
for the CRC database.
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The plug-ins for the Navigator
communicate with the Data Repository
Cell through the standard i2b2 XML

messages that are common in the i2b2

Hive.
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I (b2 LRE Mavigator Version 2.0
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Visualization plug-ins provide a way to
understand the data in the CRC.
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i2b2 National Center for Biomedical Computing

The concepts from the previous slide are
shown on a timeline display for each
patient. The timeline shows the concept
on the left, such as notes and smoking
diagnoses derived from the notes, along
a time course that runs from left to right.
There is one tan band fro each patient
that is labeled on the top of the band in
white.

© 2006 i2b2
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i2b2 National Center for Biomedical Computing

If one is properly authorized, clicking on
the randomly assigned Patient Number
along the top of the band (52271 in this
case) will yield identifying information of
that patient. This is achieved through a
connection to the Identity Management

Cell.

© 2006 i2b2
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i2b2 National Center for Biomedical Computing

If one clicks on one of the bars in the
visual display that represents a report,
the report will be decrypted using a
decryption key, and the report will be

displayed.

© 2006 i2b2
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and images in the CRC.

© 2006 i2b2
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This allows the direct viewing of reports
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Next Steps

How does the i2b2 model, both
CRC and Hive, scale beyond our
site?

i2b2 National Center for Biomedical Computing -

What is important for the i2b2 Hive to
scale, and appeal to groups beyond our
site?

© 2006 i2b2
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Critical Factors for Scale

Enabling the creation of the CRC
database

Fostering development of i2b2 compatible
services as i2b2 Cells

Supporting automation using the Hive
Flexible approaches to client software

i2b2 National Center for Biomedical Computing -

There are several critical factors for
getting i2b2 to scale, and these are noted
above. Perhaps the most critical are
fostering tools to allow sites to populate
an instance of the CRC database from
their own local systems, and to promote
the development of compatible services.

© 2006 i2b2
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Client Platforms

 Rich Client Platform (RCP) = Eclipse
— Supports self-directed genomics researcher
— Supports bioinformatics developer
— Supports clinical researcher

« Light Client Platform (LCP) = Browser
— Supports bioinformatics developer
— Supports clinical researcher
— Supports greater web dissemination

i2b2 National Center for Biomedical Computing -

Different client platforms can be
established to meet different needs.

© 2006 i2b2
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Exploring the Light Client Platform

(Web page)
authored in any language)

(Client-side, 100% JavaScript)
i2b2 National Center for Biomedical Computing

Though initial efforts have been to
develop i2b2 Cell clients in the Eclipse
RCP, we are also exploring the Web 2.0
LCP. Use of AJAX techniques and
libraries may allow server-side Web
applications to be authored in any

language, while still taking advantage of
12b2 services.

© 2006 i2b2
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12b2 Architecture Key Points

Leverage existing software

Use Web services as basic form of
interaction

Provide tools to help developers distill
complexity into basic automation for
clinical investigators

Emphasize usable open protocols and
frameworks over specific biocomputational
functionality

i2b2 National Center for Biomedical Computing -

One of the main points about the i2b2
architecture is that it emphasizes open
protocols over specific software or even
functionality. The concept is that
software and functionality will need
constant renewal, and that the i2b2
platform should enable and facilitate this
approach.

© 2006 i2b2
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The i2b2 Hive and the
Clinical Research Chart

Henry Chueh
Shawn Murphy
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