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Agenda

8:30 i12b2 Overview (Zak Kohane)

8:35 Introduction to i2b2 Software Platform
(Shawn Murphy, Mike Mendis, Vivian Gainer, Griffin Weber)

9:35 SHRINE Regulatory Issues ("How One Multipart System Agreed
to Share Data") (Susanne Churchill)

10:05 Break

10:35 Introduction to SHRINE (Andy McMurry)
11:05 12b2 Planned Applications for Cool Science (Zak Kohane)

11:30 12b2 Plans for New Software Enhancements and Incorporating
Contributions from the Community (Shawn Murphy)
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The National Center for Biomedical Computing entitled
Informatics for Integrating Biology and the Bedside (i2b2)
Clinical Research Chart, what is it?

Explicitly organized and transformed person-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
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12b2 Cell: Canonical Hive Unit

Business Logic (|i2h2

Data Access <:::>
Data Objects HTTP XML

(minimum: RESTful, others
like SOAP optional)

Programmatic
Access



Project Management
Seryj

Ontology
Manage
Servic
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Enterprise-wide repurposing and distribution

of medical record data for research
A

s,
Management
. . Repository
Management Management
<:> - <:>
— =
Use of medical record data in clinical studies
focused upon genomics and pharmacology




Set of patients is selected through Enterprise Repository
and data is gathered into a data mart

Selected
patients .
Project
" . Specific
EDR Data directly Data from other Data collected .
from EDR  sources specifically for Phenotyplc
project D t
ala
| >
v

Daily Automated Queries search for Patients and add Data
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Research Silos

=<

Research
Cohort Data Set

Research

Research Research

Researc
Cohort

P

collection collection
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[ Enterprise
Shared
Data ]

v

Shared data
of Project 1

MN~—

of Project 2
M~ A

"

of Project 3

v

0000

Ontology

/

Consent/Tracking

Security

o
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Project data can be added back to the ESD

i2b2 DB
Project 1«

i2b2 DB
Project 2

i2b2 DB
Project 3 i_._.

v

0000
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Enterprise-wide repurposing and distribution

of medical record data for research
A

Project
Management

File

Repository
Ontology Identity
Management Management /4 \

Enable high performance collection of medical record data for querying and distribution
m  Enterprise web client

Enable discovery within data on enterprise wide scale
m Relationship networks
m  Pharmacovigilance




Enterprise web client

{= Windows Internet Explorer

i2b2 Query & Analysis Tool
Find Patients Data Analysis Logout

| Finaterms | o %)% s2ln
ES Ortalogy Query Name: | 45-54-Circy-hale@ 859,32 |
+-Z0 Demographics
[ Diagnoses Dates | Ocours = 0x | Exclude | | Dates | Occurs = 1% | Exclude | | Dates | Ocours = 0x | Exclude
E-a Laboratory Tests C145-54 vears old [ Circulatary systermn Q Male

H-(] Chemistry (C155-64 vears old
1 Coagulation

CJ Hematalogy

3 Immunolooy

([ Pulmonary Function Reparts
- Urinalysis

-] Medications

& Procedures one or one or none
more of mﬂ more of ma of
these these these
drag an
item
from here

[ Jvew oroue | ]
LIS over status

¥ 45-54-Circu-Maleg@y 8:59:32 [2008-04-05] [d Executing query...

53 Diagnoses@01:29:57 [2008-04-05] [dema] Elapsedtime (seconds): 0.9
¥ Fernal-45-54-Lipod@00:08:48 [2008-04-04] Guery Finished...

¥ Injury and pois@! 1:46:50 [2008-04-04] [derr Matching patients: 5

g Demographics@l 4:12:30 [2008-04-04] [der
g Diagnoses@01:29:57 [2008-04-04] [demo]
g Demogra-Medicationi@21:12:19 [2008-04-0
£ Diagnosesi@21:11:08 IQDDB-Dd-Dliﬂ [demao] ¥
< >

(& € mternet FA00% -
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Repurpose medical record information for research studies
m [2b2 Workbench
m Natural language processing
Enable genomic studies
m Tissue/blood selection
m Data integration

Identlty

Ontology
Management Management
Data
Reposﬂory
<:> - Q <:>

— =

Use of medical record data in clinical studies
focused upon genomics and pharmacology




12b2 Workbench carries hive activity into a detailed patient
view for Investigator

'hz Workbench

o) x|
Fle Window Help

CF izh2 Workbench for Asthma Project Shawn Murphy  Status; @ Wik ‘

& ortology view 52 = & cuery view 53 } = 0| @Hep B ¥ =08
Concept Trees |Find i

|Fea | Query Wame: [PFT R-Corre [05-19-2007 04:57:28] Related Topics
B 1282

- = ~ About Timeline View
{1 i Group | Group 2 Group 3 -
ragnases E E Z Click an any workbench part o show related
#l-(L] Medications Oceurs 1x | Excude | Dates|  ocours1x | Excude| Dates|  ocowrs1x | Exelw help topics.
#-(] Mokes

B
f [ Current smoker
-2 Physical Findings
=142 Physiclogical Tests
(=143 Pulmanary Function Test
5] FEVL % Change in Post 5D from Pre £

&) FEVL % of Predicted _'_l
5 FEV1 % of Predicted Past BD 1 |

add ~ Dynamic Help
Group

&) FEV1 Observed Reset | Run sy |
3 FEV1 Observed Post BD
& FYC % Changs in Post BD from Pre Bl m _ | =
Table Vi & [ & B
3 FVC % of Predicted 0 View ) > ce
5 FYC % of Predicted Post BD Create model For Timelins {Render a Timeline |

5 FUC Observed
5 FYC Observed Post BD

&) PFT Report 980 ]
E423 Smoking Histary ¥ Person #2_ Female Dead White . ﬁl

{221 Current smoker ¥ Current_smoker
(L1 Denies 1 1
(2 Mever smoked ¥ PFT_Report .
{22 Past smaker 5

B3 RPOR ¥ FEV1%Pred I

4 | M v Focspre

@ Previous Queriss Yiew 52 } & 3 &% T 0 I

¥ Acute-Male [05-01-2007 09:38:33] = ¥ Person #4_ Female 70yrold_Black
3 Acute-Hyper [05-01-2007 09:39:23] ¥ Current_smoker

£5Y Asbes [05-01-2007 09:44:03]
53 Mdle-Acute [05-01-2007 10:34:43] ¥ PFT Report
5 Asthre-Acute [05-01-2007 10:35:33]
L3 LMR N-Medic [05-01-2007 04:52:24] ¥ FEV1%Pred
53 LMR N-Medic-0-9 v [05-01-2007 04:53:39]
53 LMR N [05-02-2007 04:52:36]

L3 Rheum [05-02-2007 10:05:57] ¥ FVC%Pred
43 Rheum-Hale [05-02-2007 10:07:17] | =l
£ Bronc [05-02-2007 10:25:35]

3 Bronc [05-07-2007 11:46:07] Lol 2 LI
5 Mals-sian [05-03-2007 01:52:36]
L Acute-35-44 [05-03-2007 03:48:43]

o T
|| Patient Set: | Patient Set: 4034 Patients <<< | start: |0 increment: | 10 ft
) PFT R-Curre [05-19-2007 04:57:28] =]

I pilTopics &7 search Ll Bookmarks




Natural Language Processing Cell

- i2b2 Workbench E]@

Flle ‘window Help - Tomcat Run - Search

Find Terms | €7 MLP Yiew 53 =&

Report | Results | Request #ML | Response ¥ML | Sectionizer Setup | Smoking Classifier Setup | ReqEx Concept Finder Setup | UMLS Concepk Finder Setup | Negation Setup | F2 3
Repork text

Mo Known Allergies iad
ADMIT DIAGMNOEIS:

asthma

FRINCIPAL DISCHARGE DIAGMOEIS Responsible Ater Study for Causing Admission)
Asthma exacerbation

OTHER DIAGHOSIS, Conditions, Infactions, Camplications, affecting TreatmentiStay
SEASORAL ALLERGIES; CLUSTER HA AREMIAWALDEMSTROM'S MACROGLOBLULIMEMIA
QOPERATIONS AMD PROCEDURES:

OTHER TREATMEMNTS/PROCEDLRES (MNOT IM QR

cardiac MBI exercise tolerance test

ERIEF RESLIME COF HOSPITAL COURSE:

w0y F o hioasthma, HTH phw S0B x 1 day

This ptwas in her USOH until 2 days PTAwhen she developed cough

productive oftan sputum, mild SOB and mild wheezing. She felt as

though she had a cold’. No F/CJEhe s a smaker]sx initially responded to inhalers, and
were stahle until day of admission when she developed worsening

wheezing and SOEB. Mo CP, orthopnea, edema, PHD. In ED: peak flow 190,

Ftfielt hetter p nebs, but gk flow unchanged.

In the ED she received Fredisone 60 and Guaifenesin. Ptthen ¢ new

ST depressions in anterolateral leads in the setting of HR =

1005 with hronchaodilator use

Hospital Course by System

1. CW lschemia: Patientw peak Troponin of 0.45 and was

started on Laopressar, ASA and Lovenax; likely has rate-related demand

ischemia seen on EKG in the anterolateral leads, unclear ifthese were

old (hut had similar intermittent changes in 3/100). Remained chest pain

free; subsequent sets of enzymes were nl. Echacardiogram shawed no wall

mauation abhnormalities and EF=55-60%. ETT MIEI nl. Dc'd on ACEl + BB

only for BP control.

7 Pulm® The nt nresented with asthrma evarerhatinn imnenvin itk

’ Clear kext " Load sample

MGH Discharge Sumni... |+

Request bvpe setup

[ Switch ta advanced mode. .. (%) Smoking Status () Diagnases () Discharge Meds () Al Concepts () Custom Concepts

[ Clear results ” Get resulks! ]
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NLP Cell Architecture

| 4

Request Response

. | NLP Server
MLP Web Service GATE
//' Document
USIES Obtains
: T /
Extraction Handler HITEx
MLP Facade —Uses | (abstract) = Lsesm Core et
I
Extended by
e Creites
Diagnosis Handler | , GATE
(concrete) - N-_Gram 4 Uses— Pro_::es_smg —Uses NLP
Finder Pipeline \ Framework
Medication Handler Uses Uses Uses
(concrete) / il \
UMLS Static Weka Data
Smoking Handler Concept Component Mining
(concrete) * Finder Resources Library
|
All Concepts . Uses
Handler (concrete) “
UMLS
Custom Concepts Database
Handler (concrete)




®- i2b2 Workbench g@

File ‘windmw Help - Tomcat  Run o Search

Find Terms [ €7 MLP View &3 =&

| Report || Results || Request XMLl Response XML | Sectionizer Setup || Smoking Classifier Sektup || RegEx Concepk Finder Setup || IIMLS Concept Findet Setup || Megation Setup ||a 4| 3
~Response kML

<response_header> h]
<result_status:
<atatus type="DONE":NLP Processing completed</statuss
</result status>
</response header:>
<wmessage_hody>
<nsi:patient_datax
<nsi:ohservation set:
<observation>
<gvent id>1000001</event id-
<patient_id>123456?<ipatient_id>
<c0ncept_cd>DSG—NLP:current_smaker<fconcept_cd>
<start date>Z005-04-04T17:03:15.701-04:00</start date>
<observation hlohk>
<ooncept cd types"smokingitatusTs
<cadE>PSG—NLP:current_smokerk!cade>
<section>
<gectionMamer< ! [CDATA[HOIPITAL COURSE:]]»</=zectionNames
<zectionCategs:

<sectionCategy neame="PROC" />
</sectionCategs:s
</ section>
</concept ods
</observation blok>

</observation:
<fn32:0bservatian_set>
</nsZ:patient datar bﬂ

A — m 2

Request type setup

[ Switch to advanced made. .. (%) Smoking Status () Diagnoses () Discharge Meds () All Concepts () Custom Concepts

[ Clear resulks ” Gek resulks! ]




Data integration — Genotype / Phenotype

File Window Help - Search - Run

@ tzvigate Terms &3

=
Previous Queries | ]}

= 9 Ontology
[0 Demographics
{C) Diagnoses
=142 Expression Profiles Data
=45 Affymetrix HG-U133
5] 221591 _s_at (54470)
-5 221592 _at (11138)
-5 221593 _5_at [A160)
5] 221594 _at (54060)
5] 221595_at (84060)
-5 221596 _s_at (B4060)
-5 221597 s _at (20100)
5] 221599 5 _at (9442)
-{5) 221599 _at (28971)
-5 221600_s_at (28971)
-5 221601 s ak (9214)
) 221602_s_at (9214)
-5 221603 _at (9409)
-5 221604_s_at [9409)
5] 221605_s_ak [51268)
5] 221606_s_at (79366)
& 221607 _x_at (71)
-5 221608_at ()
5] 221609_s_at (7475)
5] 221610_s_at (55620)
-5 221611 _s_at [51533)
-5 221612_at (57408)
5] 221613_s_at (54469)
-5 221614_s_at (9501}
-5 221615_at (656)
5] 221616_s_akt (5230)
&) 221617 _at (5230)
-5 221618_s_at [S1618)
-5 221619 _s_at (23787)
5] 2z1620_s_at (79135)
5] 221664_s_at (S0840)
-5 221685_s_at [54863)
-5 221686 s _ak (20108)
&) 221667 _s_at (26353)
-5 221668_s_at (64448)
-5 221680_5_at (27034)
5] 221670_s_at (3022)
&) 221671 _x_at (28299 )
-5 221672 _s_at [3698)
-5 221673_5_at (53944)
) 221674 _s_at (9646)
5] 221675 _s_ak (56994)
-5 221676_s_at [23603)
-5 221677 s _ak (20080)
5 221676_at (S7406)

.

(T ———

Cancepts Selection?
Pairs Results | Comp
Search And Displa
Metric
TYPE L or TYPE &
Threshold
Top

Calculation meth

Show

Descri

Jo_s_at
D6_s_at (@4060
O0_s_at (80233
57 _s_at |zo100
Df_s_at (34060
97 _s_at [z8100
O0_s_at [#8971
O0_s_at [Z8971
0Z_s_at 3214

EI_ T
wED Graph Option
I Shiow metric

™ Megative mel

Patient Set: | Al | Done

") Entrez Gene: TMEM208 transmembrane protein 208 [ Homo sapiens ] - Mozilla Firefox

File= Edt View History Bookmarks Tools  Help

- @ {25 |2 hétpuffwmm.ncbl.nim.nih.govjsktes/entrez?db=genstemd=Retrievetdopt=Ful_reported: | ~ | [ |

- 500gle

’ Getting Started E,' Latest Headlines

Entrez Gene

Fub N

All D atab,

| fer |

Search |Gene

[ Lirnits T Previewindex T Histary T Clipboard T Details ]

Go | Clearl

Display | Full Repart

A1 | Current Only: 1

Genes Genomes: 1

| show [20 =][Sortby Relevance
ShP Geneview: 1 [Z]

" 1: TMEM208 transmembrane protein 208 [ Homo samiens ]

GenelD: 29100

j | Sendto j

Summary
Official Symbol TMEM202
official Full Name transmembrane protein 208

Primary source HGMC: 25015
see related HPRD: 13710
Gene type protein coding
RefSeq status Wvalidated
Organism Homo sspiens

Sign In] [Reqiste

£y Entrez Gene Home

updated 17‘“"‘3“2”;8 ¥ Table Of Contents

provided by HGHC

provided by HGMC

Lineage Eukaryota, Metazoa, Chordata; Craniata; Wertebrata; Euteleostormi;
Mamnalia; Eutheria; Euarchontoglires; Primates; Haplorrhini

Catarrhini; Horminidae; Homo
also known as HSPC171

¥ Links

Genomic regions, transcripts, and products

Go to reference seguence details

HC_000016.8

[e5818517

NH_014157,3

B - coding region

B - untransloted region

t 2

Try our new Sequence Wiswer

[ 65520683 I

HE_154806,2

Summary

Genomic regions,
transcripts...
Genomic context
Bibliography

General gene information
General protein
inforrmation
Reference Sequences
Related Sequences
Additional Links

Explain

Order cONA clone
Conserved Domains
Genome
GEQ Profiles
HomoloGens
Map viewer
Corelucleotide

=11

Mucleotide

Full test in PMC
Probe

Protein
PubMed

SHP

SMP: Genotype
MR Geneview
Taxonarmy
LnisTS
Aceh/iew
Ensembl
Evidence Viewer
HGMC

HPRD




Query by values

ooy e

i2b2 Workbench

-
.NavigateTF_rms = FindTarms| A i S | .ﬂuer\eTnDI EE\

[_] Acid Phosphatase (Group:ACIDPHDS) &

Name: Calcium (Group:@03:28:30
[Z1 Albumin (Group:ALB) e (o

Group 1 [x Group 2

[x Group 3 3

(2 Aldolase (Group:ALDOL)
(1 Ammonia (Group:NH3) O
1 Ammonia {ug/dL) (Group:NH3UG)

(L Amylase (Group:AMY)

(2 calcium (Group:CA)

(Z1 calcium, ionized (Group:lONCA) -
[ calcium, ionized (mEQ/L) [GrDup:ICA!:E

Can: [ e L

Dates | Occurs > 0x |Em:|ude
] Calcium (Group: 6

Datesl Occurs > 0% [Exclude

Dates | Occurs > Ox |Endude

Group

[§ Tl

Cenet ) (

Run Query

o

Sl T

@ Previous Queries 52 5 (>

Number of subject returned:  subjects
¥ {3 Results of Calcium (Group: @03:28:30

Image View | @ Timeline View 3
»  # Patient Set - 2606 Patients

> g Acetone (Group:@10:03:11 [04-01-2008 ] [wp066] =
> g Aldolase (Group@03:05:10 [03-26-2008 ] [wpl66]
> g Acetone (Group:@01:15:16 [03-26-2008 ] [wp066]
» (£} Acetone (Group:@11:13:45 [03-26-2008 ] [wp66]

.(.J;uery Name: & | Calcium (Grou

| Row #l Drag Concepts Into Table

:28:30 [04-03-200

Searches by Lab values can be constrained by the high/low flag set
by the performing laboratory, or by the values themselves.

Please select operator:

O Mo Value

[ GREATER THAN (>)

| O A EI Please enter value:

| 2 g Acetone (Group:@11:11:47 [03-26-2008 | [wpD66]
b (5B Acetone (Group:@11:09:28 [03-26-2008 ] [wp066]
» (£} Acute Rheumatic@11:03:11 [03-26-2008 | [wp066]
| 3 g Acetone {Group:@11:02:11 [03-26-2008 | [wp066]
| 2 g Acetone (Group: @11:00:43 [03-26-2008 ] [wp066]
> Q Acetone (Group:@11:00:32 [03-26-2008 ] [wpD66]
» {5h Calcium (Group: @10:46:58 [03-25-2008 | [wp066]
» (£} Acute Rheumatic@10:26:05 [03-25-2008 | [wp066]
» (£} Calcium (Group: @02:17:55 [03-24-2008 | [wp066]
b (5§ Calcium (Group: @02:12:31 [03-24-2008 | [wp066]

®) By numeric value 10.6

=

Height

|Cnlnrl

> gmdmase{Gmup@D]:w:DS [03-11-2008 ] [wpd66] AT

Delete All Put In Order

(" Move Up

Move Down

Delete From List
b 53 BAND (Test:wh70@11:18:58 [02-25-2008 | [wp066]
B 53 BAND (Test:wh70@11:18:49 [02-25-2008 | [wp066]
b 53 BAND (Test:wh70@00:21:43 [01-25-2008 ] [wp066]
b {5} BAND (Test:wh70@11:57:21 [01-09-2008 ] [wp066]

_ Display conce

Patient Set: Patient Set: 2606 patients

with na data 'V Display patient demographics

start: 21

increment: 10




Query by values

Navigate Terms &3 Find Terms |

(21 Acid Phosphatase (Group:ACIDPHODS) -

»
» [ Albumin (Group:ALB)

b [ Aldolase (Group:ALDOL)

b (L1 Ammonia (Group:NH3)

» [ Ammonia (ug/dL) (Group:NH3UG)
b [0 Amylase (Group:AMY)

b [ Calcium (Group:CA)

» [ Calcium, ionized (Group:ONCA)
»
»

|:| Calcium, ionized (mEQ/L) (Group:ICA)

Cono T oy

s
s

¥

= I

Y Y Y Y Y Y Y Y Y Y Y Y Y TYIYIYYIYYY

¥ 23 Results of Calcium (Group: @03:28:30
» &g Patient Set - 2606 Patients
g Acetone (Group:@10:03:11 [04-01-2008 ] [wp066]
(53 Aldolase (Group@03:05:10 [03-26-2008 ] [wp066]
Q Acetone (Group:@01:15:16 [03-26-2008 ] [wp066]
g Acetone (Group:@11:13:45 [03-26-2008 ] [wp066]
g Acetone (Group:@11:11:47 [03-26-2008 ] [wp066]
g Acetone (Group:@11:09:28 [03-26-2008 ] [wp066]
&3 Acute Rheumatic@11:03:11 [03-26-2008 ] [wp066]
g Acetone (Group:@11:02:11 [03-26-2008 ] [wp066]
g Acetone (Group:@11:00:43 [03-26-2008 ] [wp066]
g Acetone (Group:@11:00:32 [03-26-2008 ] [wp066]
g Calcium (Group: @10:46:58 [03-25-2008 ]| [wp066]
&3 Acute Rheumatic@10:26:05 [03-25-2008 ] [wp066]
g Calcium (Group: @02:17:55 [03-24-2008 ] [wp066]
g Calcium (Group: @02:12:31 [03-24-2008 ] [wp066]
53 Aldolase (Group@03:19:05 [03-11-2008 ] [wp066]
(5 BAND (Test:wh70@11:18:58 [02-25-2008 ] [wp066]
(5 BAND (Test:wh70@11:18:49 [02-25-2008 ] [wp066]
(5 BAND (Test:wh70@00:21:43 [01-25-2008 ] [wp066]
(53 BAND (Test:wh70@11:57:21 [01-09-2008 ] [wp066]

@ Query Tool 52

Query Name:  Calcium (Group: @03:28:30

Group 1 [x

Group 2 [x

Group 3 [x

Datesl Oceurs > Ox |Em:lude Datesl Occurs > 0x  [Exclude | | Dates

Occurs > 0x |E>edude

Group

i

Comet ) (

Run Query

Number of subject returned:  subjects

Image View | @ Timeline view &2

[ Create- model for Timeline | Render a Timeline |

Calcium (Group:@03:28:30 [04-03-2008 | [wp0&6)

Row#l Drag Concepts Into Table Value Value Text Height |Cnlnr|
1 Calcium (Group:CA) NVAL_NUM < 8.4 very Low [
1 Calcium (Group:CA) NVAL_NUM between 8.4 and 8.9 Low
1 Calcium (Group:CA) NVAL_NUM between 8.9 and 10.0 Medium [0
1 Calcium (Group:CA) NVAL_NUM between 10.0 and 10.6 Tall
1 Calcium (Group:CA) NVAL_NUM > 10.6 very Tall [
( Delete From List ) ( Delete All ) ( Put In Order ) ( Move Up ) ( Move Down )

D Display concepts with no data g Display patient demographics

Patient Set: |Patient Set: 2606 patients




Upload data through i2b2 Workbench

AOO i2b2

IF i2b2 Workbench for Demo Group

i =0 B
—anc i2b2 Workbench
.F i2b2 Workbench for Demo Group Michael Mengis  Stmtus:
Step 1
Upload the modified o [ ™1 Fiie N !
File:
I all& iZb2 Workbench
1
stars | source el o i) Michael Mendis  Status: @
gmla Type (175} =
" Whar rype of file do you wa
3
| 5H ) Cv e
1 S o Text import wizard
Supl e | .0 2b2 Workbanch
Datat d i2h2 Warkbanch
Uplaad fileis) and pog Duin Type (213 —
.: i2b2 Workbench for Demo Group Michaed Mendes  Status:
i - g The Text Wizard has determined that yous | g |
seen2 | it this Is comect. choase Wt o chocse t] | L DI
vl | Original data type T - - TR . m
- | Choose the file type that best describes Stan 1 - —
. | RN @, 1262 Warkbench for Dema Group Michanl Mancie  Seatus: @
=) Delemited - Characrers such as com Ul pava Type (375) L
S i O e Bepapivary 3, 20
This sereen lets vou set the delin
G Delimiters
‘m Step 1 -
b [semicolon Tof 12b2 Warkbench
Mispacs  [Ihpe il
Data Mapping (45} -
.( i2b2 Workbench for Demo Group Michael Mendis
ﬁ This screen lets you select each column and settlf (= DT =m
s 2 Guy First sum i he fieader of the ariginal data b
Use the second row's combsa 1o seleet the comeet
Data Preview = - =
_ Step 1 —— -
= encaunter mum | Patiert Cd | Patient sl Text import wizard
Encounter Nurv Fatlent C.v Patient N Ul Dara Mapping (415} 1
< Pabent_Cd LL
up2 Patient_Hum i
- 4 Cinest.CH | This screen lets you select eath calumn and set the Data Type
i 2 Provider_Jd g e Firss reva s she header of the ariginal dara
] St Date * Use the second row's comba fo selact the corect mapping
| | Data Preview
| encounter_mum  Paient_Cd - Patrenit_Num start_date conced_d | abservation_blot  Duwnioad | Frovid
Encounter_NurT Patient CF Patiens_Nus¥ Start_Daly Concept_C¥ Observation_Bla ' Downloa™ v
[ WGH 07 1 LC5-17B2 e Na crosians are 3 )
| P CH 07 1 LCS-1282ien No erosions are 5 "I
| o 07 1 LCS=12B2er  Erosions at the 15
L —_——— 1z
s
| ("t ) e (" Cancel )
a o -




Workplace Interface

cﬂizhz Workbench

File Search ‘Window Help - Run

8

&) Acute Rheumatic fever Set 1
&) albuterol
@ Circulatory system
425 PATIEMT SETS
@ MNeoplasms
@ PATIEMTSETSTO03
-5 PREVIOUS QUERIES
: falu V2L
@ Congenital bypo@10:28:34 [03-07-2008 ] [lcp]
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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.



—.

Star Schema

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

patient_dimension visit dimension
PK | Patient Num 1 observation_fact 1
e —— PK |Encounter_Num
. PK | Patient_Num /
Birth_Date o | PK | Encounter_Num Start_Date
Death_Date PK |Concept CD 0 End_Date
V|taI_Stat:Js_CD PK | Observer CD Active_Status_CD
Age_Num i} oo | PK | Start_Date Location_CD*
Gender_CD PK | Modifier CD o0
Race_CD PK |Instance Num
Ethnicity CD* -
End_Date . .
ValType CD observer_dimension
Tval_Char PK | Observer_Path
concept_dimension NVal_Num
- 0
ValueFlag_CD Observer_CD
PK | Concept_Path Observation_Blob Name Char

Concept_CD
Name_Char
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i12b2 Fact Table

In i2b2, a factis an observation on a patient.

Examples of FACTS:

Diagnoses
Procedures

Health History
Genetic Data

Lab Data

Provider Data
Demographics Data

I R o I o I o Y

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 i2b2 there are four dimension tables

concept_dimension
provider_dimension

visit_dimension

patient_dimension
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Indexes

Very large data warehouses and marts require many indexes for good performance. Use as many
indexes as necessary for covering virtually any query

Consider adding a clustered index (SQL Server) to any table in a data warehouse that needs to
produce sorted results.
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Values

Valtype cd  either N for numeric or T for text
Tval_char if valtype _cd = ‘T’, then the text value goes here.

if valtype cd = ‘N’, then tval_char can be ‘E’ for equals, G
for greater than, L for less than

Nval_num if valtype _cd = ‘N’, then the text value goes here

Valueflag_cd Flag (for high or low values, for example)



—.

Example: Lab Test Values

select o.concept_cd, name_char, valtype cd, tval _char,
nval_num, valueflag_cd, units_cd

from observation_fact o join concept_dimension c

on o.concept_cd = c.concept_cd

where valtype cd ='N‘

-:-:-n-:ept;... I rame_char I valtpype cd I kval _char I rwal_num I wvalueflag_cd I unitz_cd I
: BC1-20 P Alk/gpt [Testbel1-20) M E E.00000 L Ll
BC1-21 Astigat [Testbol-21] M E 16.00000 @ |
BC1-24 Ak, phosz [Testbc1-24) M E 107.00000 (=2 Ll
BC1-39 Alburmin [T est:be1-39) M E 4. 20000 G g./dl
BC1-7¥ Creatinine [Test:bco1-7) i E 0. 70000 e rng.Adl
BC1-10 Chlaride [Test:bc1-10] M E 106.00000 (=2 rarnal /|
BC1-106 B1Z2 [Test:bc1-106] ki E 40900000 = pamil
BC1-11 Total co2 [Testbc1-11] M E 26.00000 (3l rarnal|
BC1-110 Ferritin [Test:bc1-110] r E 42 00000 (Y ug/|
BC1-136 YIdl [Teszst:bc1-136) r E 12.00000 (Y rnigsdl
BC1-19 Anion gap [Teztbc1-19] 0 M E 10.00000 D rornol
BC1-20 Altdgpt [Testbe1-20] r E 9.00000 (EY Ll
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Relationship of Metadata to Star Schema

Star Schema contains one fact and many dimension tables.
Concepts in these tables are defined in a separate metadata table or tables.

The structure of the metadata is integral to the visualization of concepts as well as for querying the
data.

All metadata tables have the same basic structure.
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Typical i2b2 Metadata Categories

Diagnoses

Procedures

Demographics

Lab Tests

Encounters (visits or observations)

Providers (observers)

Health History (physical findings and vital signs)
Transfusion

Microbiology
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Structure of Metadata Table

METADATA
C_HLEVEL INT NULL
C_FULLNAME VARCHAR(900) NULL
C_NAME VARCHAR(2000) NULL

C_SYNONYM_CD

CHAR(1) NULL

C_VISUALATTRIBUTES

CHAR(3) NULL

C_TOTALNUM INT NULL
C_BASECODE VARCHAR(450) NULL
C_METADATAXML TEXT NULL
C_FACTTABLECOLUMN VARCHAR(50) NULL
C_TABLENAME VARCHAR(50) NULL
C_COLUMNNAME VARCHAR(50) NULL
C_COLUMNDATATYPE VARCHAR(50) NULL
C_OPERATOR VARCHAR(10) NULL
C_DIMCODE VARCHAR(900) NULL
C_COMMENT TEXT NULL
C_TOOLTIP VARCHAR(900) NULL

UPDATE_DATE

DATETIME NULL

DOWNLOAD_DATE

DATETIME NULL

IMPORT_DATE

DATETIME NULL

SOURCESYSTEM_CD

VARCHAR(50) NULL

VALUETYPE_CD

VARCHAR(50) NULL




C meve‘ =1

[T Find Terms | = O select ¢_hlevel, ¢c_fullname,

& % % Cc_name,c_visualattributes
=l (=B RPOR from testrpdr
(] Demographics where ¢_hlevel=1

D Ciagnoses
[+ ] Health History
[+ 7] Laboratory Tests

|
(-2 Medications 1 Resuls | WE| Messagesl

|:I Microbiclogy c_hlewvel | c_fullname C_hame _visualattnbutes
:E olecular Medicine 1 [1 " \RPDRMicrobiology  Microbiclagy FA
|:I Transfusion Services Z 1 “RPDRM\Procedures Procedures Fi

3 1 “RPDRMLabtests Laboratory T ests Fi

4 1 \APDR'Medication:  Medications FA,

i 1 \APDRMTransfugions  Transfuzion Services  FA

B 1 \RPDRYHealthHiztory  Health History Fi

7 1 “APDRMHPCGG Molecular Medicine  FA

B 1 “RPDRM\Diagnoses Diagnoses Fi

£l 1 \RPORMDemographic:  Demographics Fi
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c_hlevel =2

Find Terms | - =
6> n
= PO, |
EI a Dermographics
. B3 Age TN
[ Gender
|:| Language
(7] Marital Status > ¢ hlevel = 2
~[7] Race | -
~[27] Religion
(7] wital Stabus
-] Zip codes _—
EI 'E Diagnozes
D Zirculatory swstemn —
D Zonditions in the perinatal period
[ Congenital anomalies
~[_7] Digestive system >‘ C_hleVEI =2
(7] Endocrine disorders
D Events of pregnancy ¥
4| | a —




c_hlevel =3

Find Terms |

3
4
3

¢ [ Zip codes
=14 ¥ Diagnoses
=145 Circulatory systemn

~[7] Acute Rheurmnatic Fever T

~[7] Arterial wascular disease

b

D Cerebrowascular diseaze
~[_7] Chronic Rheumatic heart disease

~[7] Disease of capillaries h I I 3
|:| Dizeases of pulmonary circulation > C eve -
|:| Hypertensive disease

~[_7] Ischeric heart disease
~[_7] Other Forms of heart disease

D Yermous and lvraphatic dizease _/
~[_ 7] Conditions in the perinatal period

~[_7] Congenital anomalies
~|_ 7] Digestive system

; |:| Endocrine disorders -
A | | .
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c_fullname and ¢c_name

c_fullname is the hierarchical path that leads to the term

\RPDR
\Diagnoses
\Musculoskeletal and connective tissue (710-739)
\Arthropathies (710-719)

\(714) Rheumatoid arthritis and other arthropathies

\(714-0) Rheumatoid arthritis

C_name is the actual term

Rheumatoid arthritis
Atrophic arthritis

RA [Rheumatoid arthritis]
Chronic rheumatic arthritis

¢_fullname

YRPORDiagnoses\Musculoskeletal and connective tissue [710-733)\irtbropathies [710-719)y(714] Rheumatoid arthiitis and ot™[714-0) Rheumataid arthitis
YRPORDiagnosestMusculoskeletal and connective tissue [710-733)\értbropathies [710-713)(714] Rheumatoid arthiitis and ot™[714-0) Rheumataid arthitis
YRPDR\Diagnoses\Musculoskeletal and connective tissue [710-733)\artropathies [710-713)4(714] Rheumataid arthiitis and ot™[714-0) Rheumataid arthitis
YRPDR\Diagnoses\Musculoskeletal and connective bissue [710-733\artropathies [710-713)4714] Rheumataid arthitis and ot™714-0) Rheumataid arthitis

C_hame |

Rheumataid arthitis
Atrophic arthiitis
R [Rheumatoid arthritz)

Chranic heumatic arthiti
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c_visualattributes

O hi
=13 Demographics 1st character :
. (1 Age F = Folder
EI a Gendar - _
- ey] Female C = Container
N @j Male M = Multiple
P b @j Unknown
B[] Language 2nd character:
Marital Status :
; = A = Active
|:| Race = ]
I:I Religion = Inactive
[ Wital Status H = Hidden
[+-[ 7] Zip codes
\
C_HLEVEL C NAME C_SYNONYM CD C_VISUALATTRIETTES C_BA3SECODE
5 Other specified inflammatory polyarthropathies N Fi 7148 (non-specific code)
5 Other specified inflammatory polyarthropathies Y FH 7143
b Other specified inflammatory polyarthropathies N LL 71459 (gpecific code)
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c_basecode

The basecode is the coded value for the term. )
n:_hlevell c_fullhame I C_hame I c_wizualatinbutes | c_basecode I C_operator I
P2 : \APDR\DemographicsGender Lender Fi MULL LIK.E
e \RPDR\Demagraphics\Gender\Female Female L& DEMISEXE | LIKE
5 “RPDR\DemographicziGenderiale b ale L, DEMISE=:m | LIKE
3 “APDRYDemographicshaender U nknown Unknown bl MULL LIKE
4 “RPDRYDemographicshGender Dok nownhdnknowes-@ Unknown-G@ LH DEMISEX: = | LIKE
4 “RPDRYDemographicshGender\Unknowahdnknowe-U - Unknown-U - LH DEMISEX:u | LIKE

It maps to the concept_cd in the star schema tables. —
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c_facttablecolumn,c_tablename,c_columnname,
c_columndatatype,c_operator,c_dimcode

METADATA
C HLEVEL INT NULL
C_FULLNAME VARCHAR(900) NULL
C_NAME VARCHAR(2000) NULL
C_SYNONYM CD CHAR(1) NULL
C_VISUALATTRIBUTES | CHAR(3) NULL
C_TOTALNUM INT NULL
C_BASECODE VARCHAR(450) NULL
C_METADATAXML TEXT NULL
C_FACTTABLECOLUMN | VARCHAR(50) NULL
C_TABLENAME VARCHAR(50) NULL
C_COLUMNNAME VARCHAR(50) NULL
C_COLUMNDATATYPE | VARCHAR(50) NULL
C_OPERATOR VARCHAR(10) NULL
C_DIMCODE VARCHAR(900) NULL
C_COMMENT TEXT NULL
C_TOOLTIP VARCHAR(900) NULL
UPDATE_DATE DATETIME NULL
DOWNLOAD DATE DATETIME NULL
IMPORT DATE DATETIME NULL
SOURCESYSTEM CD | VARCHAR(50) NULL
VALUETYPE_CD VARCHAR(50) NULL
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Fields used to construct queries

c_facttablecolumn | c_tablename

concept_cd
concept cd
concept_cd
concept_cd

concept_cd

Select * from observation_fact where c_facttablecolumn in

c_columnname | ¢ columndatatype | ¢ operator | c_dimcode
écnncept_dimensinn concept_path T LIKE YRPORYD emographicsiaendsr
concept_dmension  concept_path T LIKE YRPORYD emographics\benderFemals
concept_ dmension  concept_path T LIKE YRPDRAD emagraphicsbenderiiale
concept_dmension  concept_path T LIKE YRPORYD emographicsibendernknown
concept_dmension  concept_path T LIKE YRPORYD emographicsihendernknownhnknown-@E
concept_dmension  concept_path T LIKE YRPORYD emographicsbendernknownnknown-U

(select concept_cd from c_tablename where ¢c_columname c_operator ‘c_dimcode%’)

Select * from observation_fact where concept_cd in

(select concept_cd from concept_dimension where concept_path like
\RPDR\Demographics\Gender%")
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c_metadataxml

stores values and information about the concept such as high and low indicators



—.

Navigating concept_dimension

Except for diagnoses, which do not have a standard prefix, the prefix of the
location_path identifies the type of concept:

LAB\ s for Laboratory data

TRS\ is for Transfusion data

MIC\ is for Microbiology data

MCP\ is for CPT medications
MUL\ is for hospital medications
PRC\ s for procedures

So, if looking for a list of all possible labs, the query to run is
select * from concept_dimension where concept_path like 'lab\%’

concept_cd can be joined to concept_cd in the Observation_Fact table.
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Visit_dimension

Encounter number
In/out code
Hospital of service
Clinic

Encounter_num can be joined to encounter_num in the Observation_Fact table.

Patient_num can be joined to patient_num in the Observation_Fact and Visit_Dimension tables.
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Example 1: Query based on a diagnosis

To find all the patients diagnosed with migraines, use this query:

Select p.patient_num

From patient_dimension p join observation_fact f
On p.patient_num = f.patient_num

And f.concept_cd in

(select concept_cd

from concept_dimension

where concept_path like

'‘Neurologic Disorders (320-389)\(346) Migraine\%")
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Add Demographics

To find the ages of all patients diagnosed with migraines, use this query:

Select
From , observation_fact f
Where = f.patient_num

And f.concept_cd in
(select concept_cd

from concept_dimension

where concept_path like

'Neurologic Disorders (320-389)\(346) Migraine\%")
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Add Visit data

To limit the query to only those patients seen at MGH, add the Visit table.

Select p.patient_num,p.age_in_years _num
From patient_dimension p join observation_fact f
on p.patient_num = f.patient_num join visit_dimension v
on v.encounter _num = f.encounter_num
And v.location _cd ="MGH'

And f.concept_cd in
(select concept_cd

from concept_dimension

where concept_path like

'‘Neurologic Disorders (320-389)\(346) Migraine\%")
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Multiple paths

select distinct(patient_num) into BoneMarrowTransplants from observation_fact where

concept_cd in

(Select concept_cd

From concept_dimension

Where concept_path LIKE

'PRC\ICD9 (Inpatient)\(40-41) Operations on hemic and lymphatic system\(p41) Operations on bone marrow a~\(p41-0) Bone
marrow or hematopoie~\%'

or concept_path LIKE 'PRC\CPT\(10021-69990) Surgery\(38100-38999) Hemic and Lymphatic Systems\(38204-38242) Bone
Marrow or Stem Cell\(38242) Bone marrow or blood-deri~\%'

or concept_path LIKE 'PRC\CPT\(10021-69990) Surgery\(38100-38999) Hemic and Lymphatic Systems\(38204-38242) Bone
Marrow or Stem Cell\(38240) Bone marrow or blood-deri~\%'

or concept_path LIKE 'PRC\CPT\(10021-69990) Surgery\(38100-38999) Hemic and Lymphatic Systems\(38204-38242) Bone
Marrow or Stem Cell\(38241) Bone marrow or blood-deri~\%'

or concept_path LIKE '(Pre) Transplants and Tracheostomy\Surgical\(481) Bone Marrow Transplant\%'

or concept_path LIKE 'zz V-codes\Conditions influencing health status (V40-V49)\(V42) Organ or tissue replaced by~\(V42-8) Other
specified organ or ~\(V42-81) Bone marrow replaced by ~\%'

or concept_path LIKE 'PRC\LMR\(LPA547) bone marrow transplant\%'

or concept_path LIKE 'Injury and poisoning (800-999)\Complications of medical care (996-999)\(996) Complications peculiar to
c~\(996-8) Complications of transpla~\(996-85) Complications of bone ma~\%")
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Find CCP lab codes

select c_hlevel,c_fullname,c_name,c_basecode into CCPCodes
from labtests where c_fullname like '%ACCP%'
or c_fullname like '%ANTCCP%'

u:_hlevell c_fullname | C_name | t_basecode |
3 LABYLLEE3) DEMultLLEES) DEMUlNACCP CCP &b [Group:ACCF] HEER
4 llllllllllllllllllll LABYLLBE3) DEMullLLEE4] DEMUlNACCPABCT-1318 A-CCP (Testbc1-1318) EC1-1318

4 LABYLLBE3) DEMullLLEE4] DEMUlNACCPYWCE0.0334 CYCLIC CITRULLIMATED PEPTIDE (Testwc830.0334) WwCB30.0334

3 LABYLLEE3) DEMullLLEES] DEMUllNANTCCP CCP &b, g [Group:AWTCCF) ANTCCP

4 LABYLLBE3) DEMullLLEE4] DEMUlANTCCPYFCE0.05 ANTI CYCLIC CITRULLIME PEPTIDE [T est:fcB0.08) FCRO.05

4 LABLLBE3) DEMullLLEES] DEMullNANT CCPYLCET 38 CCP |l Antibodies [Test|cB138] LCR138

4 LABLLBE3) DEMullLLEES) DEMUlPANTCCPAMCSO-AM...  Anti CCP (Testmcsg-antcop MCSH-ANTCCP

4 LABYLLBE3) DEMulLLEE4] DENUPMANTCCPAMISEH-COPT - anti-CCP oG [Test mizg-copt] MI50-CCPT

4 LABYLLER3) DEMultLLEES) DEMUlNANTCCPANCCCRG ANTI CCP GG [Testncoopg) NCCCPG
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Determine which patients have a CCP titer >40 and have been seen in either
the BWH Arthritis center or MGH Arthritis Associates.

select distinct(patient_num)

from observation_fact

where concept_cd in

(select c_basecode from CCPcodes) and

and patient_num in

(select patient_num from vg_ ravisitsbypatient)
and patient_num in

(select distinct(patient_num)

from visit_dimension

where location_path like 'Yarthritis%’)
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Tips

Look at the tables

Bear in mind that you won’t need to concentrate on every field in every table, but can drill
down into the particular fields of interest as needed.

Figure out how the dimension tables tie into the fact table.
Check out the mapping tables that are included if you need to further identify the data.
Try running one of the sample queries.

Think about what questions you want answered,then try to frame them based on the data in
the data mart.

Write the SQL to perform your queries. Start slowly and gradually build up the complexity of
each query.
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12b2 Hive - Architecture

Formed as a collection of interoperable services provided by
12b2 Cells

Loosely coupled

Makes no assumptions about proximity
Connected by Web services

Activity can be directed manually or automatically
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12b2 Cell Architecture

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
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12b2 Cell: Canonical Hive Unit

Business Logic (|i2h2

Data Access <:::>
Data Objects HTTP XML

(minimum: RESTful, others
like SOAP optional)

Programmatic
Access
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Exposing Cells

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

At a functional level for investigators

12b2 toolkits to allow integrators to expose controlled
functionality to investigators so it may be used in workflows.
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12b2 Environment

shared /

central “Hive” of software services

and core CRC cells

]
|
|
]
1
1
]
]
]
|
]
1
1
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|
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1
\ / remote
\\ ,I
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AY 7’
\\ ,/
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12b2 Cell:

/\ Client Component

12b2

GUI

Business Logicl <:>
Data Access | HTTP XML Control
Data Objects | _

User Access

(Minimize this approach)
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Traversing the i2b2 Hive

Data Objects

A

)

i2b2 GUI
»] Business Logic 4_,—> Control

Data Objects
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—

Patient Set

Age
Sex

v

Patient 1:
63 year Male

Patient 2:
48 year Female

Patient 3:
24 year Male

Patient Data
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3 Rheum [05-02-2007 10:05:57]

L3 Rheum-Mals [05-02-2007 10:07:17)

£ Bronc [05-02-2007 10:23:35]

3 Bronc [05-07-2007 11:46:07]

53 Male-Asian [05-03-2007 01:52:36]

L3 Acute-35-44 [05-03-2007 03:45:43]

53 PFT R-Curre [05-19-2007 04:57:28] =l

£ Table View

&
&
|

i
if
o

F
¥ Person_#2_ Female  Dead  White

¥ Current_smolker
¥ PFT_Report

¥ FEV1%Pred
¥ FVC%Pred

¥ Person_#_ Fernale F0yrold_ Black
¥ Current_smolker

¥ PFT_Report

¥ FEV1%Pred

¥ FVC%Pred

e

o

#

=

Patient Set:

Patienk Set; 4034 Patients

<<< | start: [0 increment: | 10 e

G T
I pilTopics &7 search Ll Bookmarks
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Cells perform services

PFT Cell

PFT
Client




(@izb2 workbench O] x|

- File ‘Window Help
R
e x = 6]

Report |Resuks| RequestKMLI RespansexMLI

Date: xx/®x/xx ;I
PT: LOE, JANE DATE: =x/®x/=x

PTH#: 12345678 AGE: &7 3EX: F HT: &63.0 in WT: 105.0 lb

PHYZICIAN: SMITH TECH: AEC

DIAGNOSIZ: DYSFNEL
AME HI: NEVEER
Pre-Drug*

Spirometry Predicted hetual $tPred hetual $tPred Y Change
FwC L) 2.58 2.1z g2
FEV1 L) 1.97 1.51 7a
FEV1/FVC %) 77 71 =
FEFZ5-75% 1L/43) 1.79 1.09 61
FEFmax 1L/43) 5.1a 2.70 5z
TET [SEC) Q.66

Pre-Drug*
TRENDI EEFPORT

DATE TIME FWC FEWV1 FEV1/FVC FEF2ZE5-75%
(L) (L) %) (L/3)
{PRE] {PRE] {PRE] {PRE]
xx/wxsux 08:25:40 2.1z 1.51 71.36 1.09

" Ny

Get Pulmonary Data | Clear Text |

|EwH FFT Report ¥ Load Sample |
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PFT Cell

A
i2b2 Request i2b2 Response
A 4

PFT

Webservice PFT Server
uses

A 4
creates Patient
Request Handler »  Data Object
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12b2 Message Format

request

C message_header >

request_header

message_body >

response

< message_header >

-
L4 =

request_header :

&

-

< response_header >
< message_body >




Q’iizhz Workbench = |1|I

File Window Help

3
@ x =

Repnrtl Results PReguest =ML | Response XMLI

<nat:ireqguest Xxmwlns:insd4="http://www, iZ2bz . orgi/xad/ hive/mag/ 1.1/ ™ xmlns:ins3i="htop://vww.iz2ks .org/ xad/ hive/plugin/ " xmlns:n35=;ﬂ
<message header>
<12b2_versiDn_compatihle>1.1<fiZbZ_versiDn_compatible>
<hl7 wersion compatibler2.4</hl7 version compatibles
<gending application>
<application name>izbi HDrkbench<£applicatian_name>
<applicatinn_versinn>1.2<fapplicatinn_version>
</sending application>
<gending facilitys
<facility name>izbz Hive<£facilit?_name>
</sending facilitys
<receiving application:
<application name>PFT Cell<fapplication_name>
<application_version>1.D<fapplication_versian>
<freceiving_applicatinn>
<receliving facility:
<facility name>izbz Hive<£facilit?_name>
<freceiving facilitys
<datetime of messager2008-04-04T13:46:46.5258-04:00</datetime of message:
<message _control id:
<message_num>ApBChw08XZellLRps69k<£message_num>
<instance_num>D<finstance_num>
</message_control id>
<processing id>
<prncessing_id>P<fprDcessing_id>
<pracessing_mode>I<Hprocessing_mode}
</processing ids
<accept_acknowledgement typesrll</accept acknowledgement types
<applicatiDn_ackanledgement_type>AL<£applicatiDn_acknowledgement_tgpe>
<cDuntry_code>US<fcDuntrg_code>
<prDject_id>DemD<Iprnject_id}
</message_header:>
<regquest header>
<result_waittime_ms>12DDDD<fresult_waittime_ms>

</request header> —
1 | 3




Cizb2 Workbench =10l =]

- File ‘wWindow Help
B
(@ err x = 0|

Repnrtl Results  Request XML IRespDnse XMLI

<message body> ;I
<nsi:patient datax
<nsZ:observation set>
<observation sourcesystem cd="RPDEPulmonary”™ import date="Z005-04-0ZT14:43:10.045-(
<event id>1000001</event idx
<patient id>1234567</patient id-
<chcEpt_cd>LCS—IEBZ:pul{fcnncept_cd>
<start_datE>ZDDS—Dq—DZT14:43:lﬂ.043—04:DD<fstart_datE>

<observation blob>Date: xx/xx/xx
FT: DOE, JANE DATE: =xx/=x/xx
PTH#: 12345678 LZE: &7 SEX: F HT: &32.0 in WT: 105.0 1k
PHY3IICIAN: SMITH TECH: AEBC

DIAGNOSIS: DYSPMNEL
SME HX: NEVEER
Pre-Drug®

Spirometry Predicted Actual (Pred Aotual *Pred sz Change
FuC (L) 2.58 2.12 82
FEV1 L) 1.97 1.51 7E
FEV1/FVC (%1 7 71 =]
FEF25-75% (LS3) 1.79 1.09 61
FEFmax (LA 5.16 2.70 52
TET [SEC) 9.66

FPre-Drug®
TREND EREPORT

DATE TINE FvC FEVi1 FEV1/FWi FEF25-75%
(L [Li (%) (L/5)
{PRE] {PRE] (PRE] {PRE]
¥uS xS 08:25:40 Z2.12 1.51 71.36 1.09

</observation blob>
</ ohservation>
<fn52:nhservatinn_set>
</nsz:patient datas e

</meszage body> -
1 | 3




- {2 List Services - Windows Internet Explorer =10l x|
F——
"{_:/""f_}'} - Iﬁ, htkpsf fwebservices i2bZ  org/PM)services/listServices j +5 || % ILive Search -
File Edit YWiew Favorites Tools Help
'i‘:i‘ E[E? EList Services | | ﬁ - E - LE.; - jﬁage - @Tgﬂls -
=

The Anache Software Foundation ’
\'@phtt|:n:J."Jr‘-.ﬂ.rl.n.u.'nr.apan:h@.«:-rgl.Ir @Hlsa

BackHoms | Refresh

Available services

PMService

Service EPR: http/hwebservices 262 org/PM/zervices/PM Service
Service REST epr: hitp/iwebgervices i2bZ org/PMrest/PM Service

Service Description: PMService

Service Status: Active
Available Operations

« getVersion
« getSenvices

PETService

Service EPR: hitp/iwebservices 202 org/PM/zervices/PFTService
Service REST epr; hitp/iwebservices. i2bZ org/PM/rest/PFTService

Service Description: PFT Service

Service Status: Active
Avsilable Operations

« getPulmonaryData

I—l_l_l_l_l_r@ Irternet e -




i TCPMon
I .ﬁ.dminl Sender  Port Bﬂﬂﬂl

Skop | Lisken Port: IBEIE!EI Huast: [webservices.izhi  Paork; IE:EI [ [Broy

Skate Tirme Request Host Target Hosk Request... Elapsed Time
Mosk Fecent
Feq |2003-04-04 13:46:46 localhost webservices,izb2 .org POST [P rest/PFTService/getPulmonaryData H. .. 266
Remaoyve Selected Remaove All

PO3T /PM/rest/PFT3ervice/getPulmonarybata HTTES1.1
Conhection: Keep-Alive

|+

Tzer-Agent: Axis:
Host: wehserwvices.izZkZ.org:8020
Transfer-Encoding: chunked

Content-Type: text/xml; charset=UTF-& —

=54
<nzd:request xmlns:na3d="http://www.iZbZ.org/xsd/hive/plugin/" xmlns:ns4="http://wwy.iZbhZ . .org/*ad/hive/mag/ 1.1/ " xmwlns:ns:
<message header:
<12h2_versiDn_cumpatihlE>1.1<fiZbZ_versiDn_compatible>
<hl?_versinn_cnmpatible>2.4<£hl?_versinn_cnmpatible>
<gending application>
<application namerizhi MDrkhench<fapplicatiun_name>
<application_version>1.2<fapplicatiun_versiun>
</sending applications
<gending facility>
<facility name>iZha Hive<ffacilit?_name>
</gending facilitwy>
<receiving application:
<application namexPFT Cell</application name:x

u | e
B | Nl
_dose |

[~ %ML Format Save Resend Siwikch Layout Close
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PFT Cell

A
i2b2 Request i2b2 Response
A 4

PFT

Webservice PFT Server
uses

\ 4
creates Patient
Request Handler *|  Data Object




;IEIEI.

i TCPMon
. .ﬁ.dminl Sender Port Bﬂﬂﬂl

Skop | Lisken Port: IE!EIBEI Host: jwebservices.izb:  Park; IE:EI [ [Proy

State Tirne Request Host Target Host Request. .. Elapsed Time
Mask Fecent
Req [2008-04-04 13:46:46 lacalhosk webservices.izb2,arg POST [PM[restPFTService/getPulmonaryData H, ., (266
Remaye Selected Remaove Al
jj | ‘zJ..F
HTTE/1.1 Z00 0K -

Date: Fri, 04 Apr 2008 17:45:43 GMT
Server: lpache/2.2.6 (Unix) mod ss51/2.2.6 Open33L/0.9.8c mod jk/1.2.25 PHR/5.2.5 mod perl/2.0.3 Perl/w5.8.85
Keep-Adlive: timeout=15, mwax=100

Connection: Keep-Llive —
Transfer-Encoding: chunked
Content-Type: application/xml;charset=UTF-&

105d
<nz3:response ¥mlhs:tns="http://ws.pfr.i2h2 . harvard.edu™ xmlns:ns3="http: /S wmw. i2h2 orgfwad/ hive /mea/ 1.1/ " xmlnsins2="ht1
<message header:>
<ith_versiDn_compatible>1.1<fith_versiDn_cDmpatiblE}
<hl?_versiun_cumpatible>2.4<Ihl?_versiDn_cnmpatible>
<gending application>
<application name>PFT Cell<fapplicatiun_name>
<applicatiun_versiun>1.D<fapplicatiun_versiun>
</sending applications
<gending facility>
<facility namexiZbz Hive<ffacilit?_name}
</sending facilityr
<receivihg application>

Kl |

-
]
[~ =ML Farmat Save Resend Switch Layauk Close |




C8izbz Workbench

- File ‘Window Help

=10l %]

(e x

=8

Repurtl Resuksl Requesk XML '

¥mlns:nsZ="http://www. izbZ .org/xad/ hive/pdo/ 1.1/ ">
<message header>
<iZhZ_versiDn_cDmpatihlE>1.1<£ith_versiDn_cDmpatihle>
<hl?_versiDn_cnmpatihlE>2.4<£hl?_versinn_cnmpatihle>
<gending application>
<application name>FFT Cell<£applicatinn_name>
<applicatinn_versinn>1.D<£applicatinn_versinn>
</sending applications>
<Zending facility>
<facility name>iZh:a Hive<£facility_name>
</sending facility>
<receiving application>
<application hnamexizbi Hnrkhench<fapplicatinn_name>
<applicatinn_versinn>1.2<£applicatinn_versinn>
<freceiving_applicatinn>
<receiving facility>
<facility name>iZh:a Hive<£facility_name>
</receiving facility>
<datetime_nf_message>2DDS—D4—DZT14:43:09.444—04:DD<£datEtimE_Df_messagE>
<message control id>
<message_num>anfFCOuhathusnsiZn<fmessage_num>
<instance_num>1<finstance_num>
</message control id:
<processing id>
<prncessing_id>P<fprDcessing_id>
<prncessing_mnde>I<fprncessing_mnde>
</processing ids
<accept_acknnwledgement_typE>AL<faccept_acknnwledgement_type>
<applicatinn_acknnwledgement_typE>AL<fapplicatinn_acknnwledgement_type>
<cnuntry_cndE>US<fcnuntry_cnde>
<prnjEct_id>DemD<HprDject_id>
</message header:
<response header>
<result_status>
<status type="DONE">PFT processing completed</status>
</result statusx
</response header>




C8izbz Workbench
File ‘Window Help

<message body-
<nsZ:ipatient datax
<nsZ:iohservation set>
<obhservation>

<event id>1000001</event id>
<patient id»1234567</patient ids
<cnncept_cd>LCS—IZB2:pulhEight{fcnncept_cd}
<start_date>2DDS—D4—DZT14:43:10.043—04:DD<£start_datE>
<nval num>63.0</nval nums
<units_cdrinch</units_ecd-

</ohservation>

<observation>
<event id>-1000001</event idx>
<patient id»1234567</patient ids
<cnncept_cd>LCS—IZBz:pulweight<£cnncept_cd>
<start_date>2DDE—D&—DZT14:43:1D.D43—D4:DD<Istart_datE>
<nval num>105.0</nval nums
<units ecdrpound</units ecd>

</ohservation>

<observation>
<event id>1000001</event id>
<patient idx1234567</patient ids
<cnncept_cd>LCS—IZBz:pulfevlnhs<£cnncept_cd>
<start_date>2DDS—D4—DZT14:43:10.043—04:DD<£start_datE>
<mval num>l.S5l</nval nums
<units ecdrliter</units cd>

</ohservation>

<obhservation:>
<event id>1000001</event id>
<patient id»1234567</patient ids
<cnncept_cd>LCS—12B2:pulfevlpred<£cnncept_cd>
<start_date>2DDS—D4—DZT14:43:10.043—04:DD<£start_datE>
<nval num>76</nval nums
<units_cd>percent<funits_cd>

</ohservation>

<observation>
<event id>1000001</event ids>




File ‘Window Help

&izb2 workbench O] x|

Nate |valuernit3 Code

Height 63.0 inch LC3-I2B2:pulheight
Weight 105.0 pound LC3-I2B2 :pulweight
FEV1 Chzerved 1.51 liter LCZ-IZ2EB2ipulfevlohs
FEV1l % of Predicted Th peErcent LC3-I2EB2:ipulfevlipred
FWC Chserved Z2.12 liter LC3-I2EBZ::pulfvoobhs
FWC % of Predicted G2 percent LC3-I2EBZ::pulfveopred

| 2]




.J' / i2| 2 A National Center for Biomedical Computing

/ Informatics for Integrating Biology & the Bedside

12b2 Web Client

Griffin Weber, MD, PhD

weber@hms.harvard.edu
Chief Technology Officer
Harvard Medical School
Assistant Professor of Medicine
Beth Israel Deaconess Medical Center

Nicholas Benik

nick_benik@hms.harvard.edu
Senior Software Architect



Find Patients

(= i2b2 Web Client

i i2b2 Query & Analysis Tool

Navigate Terms | | Find Terms | ol B R
|3 Clinical Trials A || | Query Name: | |
=5 Ontology
=Bl Demaaraphics Dates | Occurs=lOx |Exclude || Dates | Oceurs = 0x | Exclude || Dates | Occurs = 0x | Excluds
EAge g Regional enteritis ﬁlrﬂale ENeoplasms
Ulcerative colitis
[ vital Status v
&l B
5 sHARED
- demo
F—:l Definitions (Queries)
- Cefinitions (Query Groups)
tim| Ontology Terms
1 patient counts
1 patient Sets _
-8 Trial [2-23-2009] [demo] [PATIENTSET_9845] 0% 0T '*:f'!! : DR Or
[ patients these these these
E‘"——l Saved Queries
-8 10-17 y-Chronic@15:43:31 [3-2-2009] [dema]
e e i S i) 3 Groups [ Jveworoun [
DACAS query stas
5[5 Digesti-Endocri@23:50:30 [3-9-2009] [dema] A Executing query...
Big ‘Results of Digesti-Endocri@23:50:30 [3-9-2009] [demo] = Elapsedtime (seconds). 1.2
Patient Set- 27 patients fuerrbinished...,
£, Patient Count- 27 patients Maching naliEnts 2
EE, Circulatory sys@23:49:33 [3-9-2009] [dema]
mF Ana. A 223-48-28 12020001 [damanl b
[ € Inkernet 100 v

Drag-and-drop guery design interface



Demographics Plugin

{= i2b2 Web Client

| i2b2 Query & Analysis Tool Find Patients | Analysis Tools | Message Log | Help | Logout
Navigate Terms || Find Terms | EEE VL
@ClinicalTria\s Specify Data || View Results ” Plugin Help
[51 ontology -
Below are the demographic details for the selected patient set. For each demographic category, the values, number of =
patients, and a histogram are shown
Patient Set: Digesti-Endocri@23:50:30 [3-8-2009] [dema] [PATIENTSET_10743]
Patient Count: 27
Age in Years
010 1
10-20 (i}
20-30 3
8 & 30-40 5 [
40-50 2
B demo 50.60 9
60-70 5
70-80 2
80-90 2
Sex
F 14
M 13
-
se0 (3 2
E-f& Circula-Hematol@23:55:07 [3-8-2009] [demo] ~ | Detailed List View v| Category:| ALL v
E--EE Digesti-Endocri@23:50:30 [3-9-2009] [demo] = hics (1 Patient Set) - Simple Count -
: S ; ey Demographics (1 Patien - Simple 5 ]
= Resuits of Digest-Endocri@23:50:30 [3-8-2009] [d This plugin displays s demographic bresk-down of & Patient Set.
Patient Set- 27 patients
: . Demographics (2 Patient Sets) - Simple Counts E
- 4 Patient Count- 27 patients o This plugin compares the demographic bresk-down of two Patient Sets T
ELEE rireulatone sue G193 40-27 [2.0.20001 IHamal
[# € mternet #100% -

Analysis of a saved patient set using a “plugin”



Two Patient List Plugin

EIBE

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

(= i2b2 Web Client
| izbz Query & Analysis Tool

[rovoe verms ] IR ren

ol
@ClinicalTria\s Specify Data || View Results ” Flugin Help
E Ontology
R
Below are the demographic details for the selected patient sets. For each demoaraphic cateaory, the values, number of =

patients, and a histogram are shown. The pink har and first patient count for each category value corresponds to Patient
Set 1. The areen bar and second patient count for each category value corresponds ta Patient Set 2.

Patient Set 1: Digesti-Endocrig@23:50:30 [3-9-2009] [dema] [PATIENTSET_10743]
Patient Set 2: Dermographics@04:34:26 [3-10-2009] [dema) [PATIENTSET_107 46]

Patient Count 1: 27
Patient Count 2: 133

Age in Years
0-10 3
[=] __
Workplace ol 4 A0:70 25
= 20.30 =
¥5 SHARED B 5
5 demo - Z
40.50 z
50.60 2
60-70 :
70-80
80-90
Sex
4
F 51
13
M 52
v
b =B (=
-EE Circula-Hematol@23:55:07 [3-9-2009] [demo] 7%

=] EE Digesti-Endocri@23:50:30 [3-9-2008] [demo] =
E-f@ Results of Digesti-Endocri@23:50:30 [3-9-2009] [d

Patient Set- 27 patients

g# Patient Count - 27 patients

E.GE rirenlaton: sue@me 3 A0-33 12020001 Idamal

v Category: !w
o8

Demographics (1 Patient Set) - Simple Counts
This plugin displays & demographic break-down of a Patient Set.

Demographics (2 Patient Sets) - Simple Counts n
This plugin compares the demographic bresk-down of two Patient Sets.

8 € mternet F100% v

Compare multiple patient sets




Timeline Plugin

(= i2b2 Web Client

i2b2 Query & Analysis Tool

Navigate Terms || Find Terms | rER rE.
E@O_ntology Specify Data | View Results ” Flugin Help |
Eﬂ Demographics - -
%51 Diagnoses start 1 |size:[10 |[g0 ]
E:ﬁ Expression Profiles Data [ e LTS 11/28/2000 T/5/2004
ﬁ Laboratory Tests Person_#1000000001__Female__21yrold__Black e
[5] Medications Disgnoses | | L e |
| Laboratory Tests 1 I 1 H
B EI F.‘roced.ures el TR
Clinical Trials >
Person_#1000000002__Female__40yrold_ White
Disgnoses [ R i 1 B i 1 E-H- e
Labarstory Tests | - 11 1 I |
Medications i !
Person_#1000000003__Male_ 38yrold__Asian
Disgnoses (S B B B IR R RE IIRRI] B TR B I B R B R AR 1| TR B IR R B 1
L Tests 1 i 11 11 I
Medicati
i ications 1 I | 11 I
Person_#1000000005__Female__33yrold__Hispanic
Disgnoses I 1 il I I H - 1m
.":_n SHARED ity T n I =1
S dema Medications 1 1 1 |
Person_#1000000007__Male__25yrold__Asian
Disgnoses H 1 | 1 i 1
Leboratory Tests | | 1 1
Person_#1000000008__Male__ 20yrold__Hispanic —1
Disgnoses 1 B0 IR e e n 1 1 i
Labaoratory Tests ] 1 1 | 1
Medicaticns 1l
Person_#1000000009__Female__18yrold__ Hispanic
Disgnoses [ B [ | -1 1 I 1 1 I
Laboratory Tests 1 I I
Medications 1
Person_#1000000010__Female, rold__His b
o [w E L
EI.EE_(Ein:ulatorysy5@03-14-22[11-2—2[]08][dem0] s |Detai|ed List View v| Category:!ALL 3
EH) Results of Circulatory sys@03:14:22 [11-2-2008] [c dg This plugin displays a demographic break-down of 8 Patient Sat. A
£, Patient Count- 115 patients = e e 3
- mographics (2 Patiel s) - Simple Counts
8 Patient Set- 115 patients ‘iﬁ Thiz plugin compares the demegraphic brask-down of two Patiant Sets
-5 (+) Age@04:03:32 [11-2-2008] [dema] : =
E.FE () Ana@nd-02-57 111220021 [damal M [, . | Timeline h
[ € Inkernet 100 v

An example of visualization of patient data




\WORK:Workplace v || All Cells ~ || All Actions v|

/= Message Log - Windows Internet Explorer

Debugging Tools

EEX

eetFoldarsByTlzard WORE
called by WORE: Workplace @ T-+00:00.00

E=tChilden WORE
called by WORE: Workplace (& T+02:35.51

gtChildren WORK
czllad by WORE Workplace @ T=03:19.84

gatChildren WORK
callad by WORK Workplaca @ T=03:21.57

petChildren WOREK
callad by WORE:Workplaca (@ T+03:24 .81

etChildren WORE
callad by WORK:Workplace (@ T-+03:26.62

delet=Child WORE
called by WORK: Workplace (@ T+03:48.17

daletaChild TWORE
czllad by WORK Workplace (@ T-+03:52.67

EetChildren WORK
callad by WORK:Workplaca (@ T+03:54.99

(2[8] [218]| 28] [2[8] [2[8] | (2151 [2[8] [2[8]  212] (28]

WORK
2@ T+05:50.14

e=tChilden
called by WORE: Worlp

Clear

<?xml wversion="1.0" encoding="UILF-8" 5tanda10ne="yes"?>f
<n=3:request xmins:ns3="http://www.i2b2.org/xad/hive/m=s
<message header>
{pProxy>
<redirect urlrhttp://services.iZb2.org/i2b2
</proxy>

<iEb2_version_cnmpatihle)l.1<£i£h2_ver5
<gending application>
<application name>il2b2 Ontology
<appiication_version>1.1<£appii
</sending application>
<gending facility>
«facility name>iZb2 Hive</facil
</sending facility>
<receiving application>
<applicatinn_name>l.1<£applicat
<applicatinn_version>1.1<£appii
<£receiving_application>
<receiving facility>
<facility name>ilbl Hive</facil
</receiving facility>
<datetime of message>2008-08-20T16:08:4
<security>
<domainrHarvardDemo<,/domain>
<usernamerdemo</username>

e e

W
e T e —

| >

Dane

o0 v

EE- G Internet

View all client-server 12b2 communication
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Enterprise vs. Project

Enterprise
m All investigators, no IRB needed
m All patients, aggregate only
m Exploratory analysis, preliminary data
m Web client

Project
m Small group with IRB protocol number
m Selected patients, limited or identified data
m Detailed data analysis
m Web client or desktop client



—.

Web Client vs. Desktop Client

Web Client
m Written entirely in JavaScript, HTML, CSS
m Same code runs on Windows IIS, Linux, etc
m Easy to deploy and update
m Designed for enterprise-based use
Desktop Client
m Written in Java, Eclipse plugin framework
m Good for heavy client-side processing
m Can use other Java/Eclipse plugins
m Designed for project-based use



—.

12b2 Platforms

Client Desktop App Web Client

o"
‘0

Web Services Java C# .NET

Database Oracle SQL Server
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Traditional Web Application

- newpage |-
Client o [ Patiig | SN

HTTP HTML
Request CSS

web server
Server 1 T

database




————————————
AJAX

(Asynchronous JavaScript and XML)

Client |
web services
Server 1 T

database
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Traditional Single Domain Website

Server

https://harvard.edu



Cross Domain AJAX (Not Possible)

Client

Server

https://mit.edu

https://harvard.edu




Cross Domain AJAX (With a Proxy)

Client

Server

https://mit.edu

https://harvard.edu




Cross Domain AJAX (With a Proxy)

Client

Server

https://mit.edu

https://harvard.edu
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Cross Domain AJAX (With a Proxy)

(00 o . Pt P

Client

Server “ > gz§8§



—.
i2b2 Messaging with the Proxy Cell

POST to https://i2b2/ontology

<message header>
<security>
<username> </username>
<password> </password>
</security>
<project_id> </project_id>

</message header>

o8
OO0
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i2b2 Messaging with the Proxy Cell

POST to https://localserver/Proxy

<request>
<message header>
<proxy>
<redirect_url>https://i2b2/ontology</redirect_url>
</proxy>
<security>
<username>demo</usernal
<password>demouser</pag
</security>
<project_id>demo</project_id>
</message header>
<request_header />

<message_body />
</request>
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Client Architecture

HTML & Graphics

Core Cells Plugin Manager

Web Client Framework
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Framework Components

Messaging — AJAX calls to server, debugging

View Controller — Common GUI elements

Global Objects — Shared variables

SDX System — Standard data exchange (drag-drop)
Utilities — XML parsing, browser compatibility

External Libraries — YUI, Prototype, Firebug



Model-View-Controller
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J

Directory Structure

default.htm 12b2_config_data.js 1I2b2_loader.js PM WORK
js-ext Jjs-i2b2 hive ONT  PLUGINMGR
help assets cells CRC plugins
examples Dem1Set cell_config_data.js injected_screens.html
—— »‘ — »‘ — — »‘ css i
||| & 5 | & i
standard Timeline DemiSet_ctrir.js| assets vsDem1Set.css
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1I2b2_config_data.|s

urlProxy: "index.php",

urlFramework: "js-i2b2/",

// THESE ARE ALL THE DOMAINS A USER CAN LOGIN TO
IstDomains: [
{ name: "localhost",
domain: "demo',
debug: true,
urlCellPM: "http://127.0.0.1:9090/axis2/rest/PMService/"
}.
{ name: "i2b2.org (1.3)",
domain: '‘HarvardDemo",
debug: true,
urlCelIPM: "http://services.i2b2.org/PM/rest/PMService/"
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12b2_loader.js

i2b2_hive.tempCellsList = [
{ code: "PM",

forceLoading: true <--- Must be true for PM cell
bt
{ code: "ONT" },
{ code: "CRC" }.
{ code: "WORK" },

{ code: "PLUGINMGR",
forcelLoading: true,
}.
{ code: "DemlSet",
forcelLoading: true,
forceDir: *“cells/plugins/standard™
1ot
{ code: “"Timeline",
forceLoading: true,
forceConfigMsg: { params: []1 },
forceDir: "cells/plugins/standard
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cell _config _data.js

{
files:[
"DemlSet_ctrlr._js”
1.
css:[
"vwDemlSet.css"
1.

config: { // additional configuration variables
short_name: *‘Demographics',
name: "Demographics (1 Patient Set) - Simple Counts™,
description: "Demographics of a Patient Set.",
category: [“celless"”, " plugin’,'standard", " demographics'],

plugin: {
isolateHtml: false, // do not use an IFRAME
isolateComm: false, // use built-in communicator
standardTabs: true, // use default tabs
html: {
source: "injected _screens.html”,
mainDivlid: “DemlSet-mainDiv*
}
}
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Regulatory Issues for
Sharing EHR Data across
Institutional Boundaries

A Survival Guide Based on Our Experience at
Harvard’'s CTSA

Susanne Churchill, PhD
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OUR MODEL

Four + Major Teaching Hospitals
Fiscally/Administratively Independent
Historical Competitors

Married at Gunpoint

Concerned about Inappropriate Use of Data
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MAJOR CONCERNS

Protecting the Patients
Protecting the Institutions
Enabling the Investigators

****|nherent Conflicts****
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Protecting the Patients

IRB Review — Depends on Data Type
HIPAA Authorization — Implied Consent....

Trust
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Protecting the Institution

Patient Data = Proprietary Property?
m View from Management
m View from Clinicians

Competitive Mischief

Patient Backlash/Public Perception
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Enabling the Investigator

Easy to Use System

Minimize the Bureaucracy
m Registration

m Oversight

m Number of steps

= Support?



BIG QUESTIONS

Who are the key institutional stakeholders and what is the
process for gaining their support and approval?

What kind(s) of data will you provide?
How will you manage
m Access to Data?

m Limitations on Use of Data?
m Insuring Integrity of Data Use?
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Institutional Stakeholders

Go wide and deep
Go wide and deep
Go wide and deep

E.g., IRBs, Privacy Officers/Committees, General Counsel, Sr.
Research Officers, Sr. Management, PR offices, Key Faculty,
Curmudgeons, Skeptics — Think “Shuttle Diplomacy” — SINGLE
MOST IMPORTANT STEP
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What Kind of Data to Share?

Aggregate Totals
Limited Data Sets

|dentified Data
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Access to Data

Who can use the system to access data?
What about secondary faculty appointees?

What about non-clinically based investigators within your
system?

What about investigators who wish to collaborate with
iIndustry? With other academic health centers?

Should query topics be reviewed and approved?
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Limitations on Data Access and Use

Should any type of data be reserved?

Same rules for everyone?

Should access be limited in time?

Small samples?

Harmonize available time spans?

At what level do you authenticate users (institution vs central)?
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Insuring Integrity of Data Use

Should you seek personal assurances of integrity?

Should you review requests for “ethical” appropriateness?
Should you archive and review all queries?

Should each institution review use of name in publications?
What are the penalties for violating rules?

Reporting?

How do you manage new policy issues?

How will you handle patient concerns?
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Etc.

Intellectual Property

Linking to Biospecimens

Consent

Governance for discipline-specific Networks
Scaling from Local to National Networks
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12b2/SHRINE Team

Zak Kohane, Andy McMurry, Griffin Weber, Shawn Murphy,
Susanne Churchill

wWWW.i12b2.orqg

schurchill@partners.org



.J' / i2 b2 A National Center for Biomedical Computing

/ Informatics for Integrating Biology & the Bedside

Shared Health Research Information
Network

Andrew McMurry, MS
Informatics Team Lead and Architect,
Harvard Medical School Center for BioMedical
Informatics
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SHRINE: Obtaining Samples for Research

Sufficient cohort sizes

m  Often cited concern for biomedical research is obtaining cohorts of sufficient size. Often
requires aggregating across locations where patients receive care or where investigators
do research.

Reproducible study results

m  Many papers raise alarms that even in studies with sufficient sample sizes they may still
have strong “population sampling” biases.
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Sampling Bias Example 1
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—— Updates every B0 seconds
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SHRINE: Current Status

Can we capitalize on the critical mass of i2b2 deployments? YES

Simply being able to search for patient populations across hospitals is a major
first step

Demographics : HITSP C32 / HL7

Diagnoses - ICD9-CM

Medications : RxNorm

Lab Procedures : LOINC

Selecting national standards that reflect the
reality of data collected at the point of care

126
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East Coast SHRINE: Harvard Deployment

5.6M+ Patients

890M+ Facts

3 Ontology Categories, 18k+ Terms
7,500+ Potential Users

4 IRBs

4 major competing hospitals, 3 sites
Partners Health Care (BWH, MGH)
Children’s Hospital Boston

Beth Israel Deaconess Medical Center

Childrens piml
i clhiilinen

'_"
LOTh \\S\Q?
SN -

. '
[he first R lor
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West Coast SHRINE: Cross-Institutional Clinical Translational
Research

3 CTSAs in demonstration network
m  University of Washington
m UC Davis
m UC San Francisco

Primary focus is diabetes
IRB approvals secured for all sites

Nick Anderson et all
with support from Recombinant Corp
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National SHRINE: Pediatric Registry

60 sites!
Grand Opportunity (GO) Stimulus Award

National registry of rare pediatric disorders

Childhood Arthritis & Rheumatology Research Alliance
http://www.carragroup.org/
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How to implement SHRINE

OBTAIN Institutional buy-in

ETL into your locally controlled i2b2 Data Repository
MAP your local terminology codes (software provided)
LINK your local user authentication system

DEPLOY shrine on a locally controlled server
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How to implement SHRINE

ETL into your locally controlled i2b2 Data Repository (Or use your existing i2b2
instance)

m Review the STAR schema
o Patient (very basic)
Concept (ICD, Medication, etc)
Encounter (hospital visit)
Observation Fact (any recorded fact and value)
“Dimension” tables
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How to implement SHRINE

MAP your local terminology codes (software provided)

m  SHRINE concept = Local concept
o Think “Male = M” instead of complex XML/RDF models

m A single SHRINE concept can relate to multiple local concepts

Demographics mappings can be done in a day
Diagnosis are easy (ICD9-CM)

Medications are harder (ingredients)

Labs are hardest due to lab values
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How to implement SHRINE

LINK your local user authentication system
m Local user auth stays OFF the public internet

m  Your webclient asks “username and password valid” and is returned a list of URLs or
invalid logon

m Probably easiest to “wrap” an existing service at your hospital than doing a daily copy
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How to implement SHRINE

DEPLOY shrine on a locally controlled server

m Can deploy the broadcaster-aggregator and adapter on the same machine or on
separate machines. Your preference.

m  SHRINE components served up from cheap commodity hardware
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How SHRINE works

Broadcast queries across a network of i2b2 clinical databases
Aggregate query results across all sites in near-real time
Each site maintains an autonomous database

Patients remain de-identified
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SHRINE : how It works

5.12B2 CRC
Query
(no changes)

4. Verify user,
adapt for
local CRC

1. Certify
. : 3. Broadcast
investigator (;?er;as Partners
Responder

2. Compose

Query Adapter

CHB
Broadcaster
Aggregator
CHB CHB

Responder
Composer 7. Aggregate Adgpter
Results

8. view
aggregated
results

BIDMC
Responder
Adapter

. 2end
results to

aggregator

SHRINE plugs into an existing 12b2 hive 136
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Previous work leading up to SHRINE

i2b2 - Clinical Data Repository

] Zak Kohane, Shawn Murphy et all

] Turning everyday clinical encounters into huge research cohorts
] Star-schema database with associated ontology

SPIN - cross hospital query model
] Federated query of autonomous/independent hospitals
] Abstracted away the differences of each data repository enabling on the fly query translation

Overly simplified : i2b2 clinical database + spin federated query = shrine
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12b2 features leveraged for SHRINE

Webclient, Project Management, Ontology, Data Repository

' .f" i2bz Hive y 7 &. Download Hive Core Now

Project

Management

File

Repository entific ation

of Data

Ontology ldentity
Management Management Processing

Data
Repository
(CRC)

Workflow
Framework

Annotating
Genomic

Data #1

Correlation
Analysis
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12b2 features leveraged for SHRINE:
Webclient

1.Webclient speaks to the broadcaster aggregator as if it
were another i12b2 Clinical Data Repository

2.Minor enhancements to support additional
auditing/monitoring of SHRINE queries

Griffin Weber, Nicholas Benik
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12b2 features leveraged for SHRINE:
Project Management Cell

1.Authenticate local investigators

2.Pointers to “Cells in the Hive”
» Location for the Ontology
» Location of the Data Repository
» URLSs for all 12b2 cells
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12b2 features leveraged for SHRINE:
Ontology Cell

Handles deep “nested” hierarchies like
Diagnoses\Neoplasms\Cancer of breast

1. Demographics

o« Age

 Gender - HL7 Administrative Gender
 Language - 1SO 639-1

 Marital Status - HL7 Marital Status

e Religion - HL7 Religious Affiliation

 Race and Ethnicity - CDC Race & Ethnicity Code Sets
2. Diagnoses - I1CD-9-CM and CCS hierarchy
3. Medications - RxNorm and NDF-RT hierarchy

4. Lab Tests (demo) - LOINC
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12b2 features leveraged for SHRINE:
Data Repository Cell

v'Star Schema design concurrently supports multiple
ontologies (local ontology and SHRINE ontology)

v'SHRINE works with CRC v1.3 and v1.4

v'Use your existing i2b2 deployment, no code or data
changes required!

Shawn Murphy et all.



—.

SPIN features leveraged for SHRINE

Local database control to engender participation
Query Broadcaster-Aggregator
p2p Trust Model with De-Identification

Coming in 2010: Limited Data Sets

Coming in 2010: Search for Biospecimens
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SPIN features leveraged for SHRINE
Model of Autonomy

SPIN had already proven successful for linking up de-identified pathology
reports across independent HIPAA covered entities

Brigham & Women's Hospital*

Beth Israel Deaconess Medical Center*
Cedars-Sinai Medical Center
Dana-Farber Cancer Institute*
Children's Hospital Boston*

Harvard Medical School*
Massachusetts General Hospital*
National Institutes of Health

National Cancer Institute

Olive View Medical Center

Regenstrief Institute

University of California at Los Angeles Medical Center
University of Pittsburgh Medical Center
VA Greater LA Healthcare System
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SPIN features leveraged for SHRINE:
Query Broadcaster-Agqgregator

Harvard Medical School .
Subnet of Teaching Hospitals Subnetwork Bridge Fully Meshed P2P Network

Pittsburgh
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SPIN features leveraged for SHRINE:
p2p Trust Model with De-ldentification

W3c standard security with patient de-identification

Well beyond SSL alone

W3C official libraries for digital signatures
Encryption of result concents

IP restricted firewalls

Anonymize patient counts



|
1.lagonusemame, pass) I

PM certification reponse U

SHRINE Query Sequence

BroadcasterAggregator

I
I
] jal
2. guery(message, credentials) | 3a. certify{credentials)

PM certification response LI

Adapter m remote pm

3b.query(message, signature, querylD) |

|

|

|

FOREACH |
Query Responder |
queryld 4a.record audit trail |

e e e |
|

|

|

|

|

|

4b.venfy signed secunty token

|

|

|

|

|

|

|

|

|

|

4 translate into local antalagy |
|
rl

4d.query{translated message) 5a. check auth shrine use

logonfailed
poll urtil imeoet o —79 - - e
1] s responded ) CRC query status "pending" Sh._ start
it N shrine query acknowledgement . _ _ _  _— =ar queay :
| 5c. finish query l

7. aggregate

8, getResult() I

aggregated results
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SHRINE queries
(Actual Patient Counts)

Comorbidity of Breast and Cervical Cancers

Acute Myocardial Infarction with Gender Breakdown
Pediatric Rhematoid Arthritis (rare)

Countless more secondary uses of electronic medical records...



Common: Breast Cancer
SHRINE — Find

Mavigate Terms

B EE

Search by Names | | Search by Codes |

Query Name: |

[ contains }& |cancer

[ Any Category |4

=

=8

]E
]E
]E

= =

Cancer of bladder

Cancer of breast

Cancer of cenvix
Cancer of colon
Cancer of esophagus

E
[
E
E
EEI--EI Cancer of head and neck
&
E
E

NP S (SN i

&[5 Cancer of bone and connective tissue
&[5 Cancer of brain and nervous system

- (3] Carcinoma in situ of breast
- ] Malignant neoplasm
- ] Malignant neoplasm
- (] Malignant neoplasm
- (o] Malignant neoplasm
- (5] Malignant neoplasm
- (] Malignant neoplasm
- (] Malignant neoplasm
- (] Malignant neoplasm
- (5] Malignant neoplasm
- o] Malignant neoplasm
- &) Malignant neoplasm
@ Personal history of malignant neoplasm of breast
+ [ Cancer of bronchus, lung

of axillary tail of female breast

of breast (fernale), unspecified

of central porticn of female breast

of lower-inner quadrant of famale breast
of lower-outer guadrant of female breast
of nipple and areola of female breast

of nipple and arecla of male breast

of ather and unspecified sites of male breast
of other specified sites of female breast
of upper-inner quadrant of famale breast
of upper-outer quadrant of female breast

]ﬁ Cancer of kidney and renal pelvis
]E Cancer of liver and intrahepatic bile duct
]EI Cancer of lymphatic and hematopoietic tissue

Group 1 K4
Dates | Occurs > Ox | Exclude

E Cancer of breast

Dates | Occurs = 0x | €
] Female

one or

| Breast Cancer Comarbidity

Query Status

Finished Query: "Cancer -Female@04:38:02"
BIDMGC - 1151643 patients
CHB - 6043 patients
Parners - 7362943 patients
AGGREGATED - 8520543 patients




Comorbidity: Breast and Cervical Cancer
SHRINE

[ Any Category | %]

(5] Cancer of bladder

{51 Cancer of bone and connective tissue
Ii'l EI Cancer of brain and nervous system
=[5 Cancer of breast

-

- (0] Carcinoma in situ of breast
- (5] Malignant neoplasm
- [3] Malignant neoplasm
- (5] Malignant neoplasm
- [5] Malignant necplasm
- (2] Malignant neoplasm
- (3] Malignant neoplasm
- (5] Malignant neoplasm
- [5] Malignant necplasm
- 2] Malignant neoplasm
- [3] Malignant neopiasm
- [5] Malignant neoplasm
Q] Personal history of malignant neoplasm of breast
r|-[5] Cancer of bronchus, lung

=[5 Cancer of cervix
- (5] Carcinoma in situ of cervix uteri
- (] Malignant neoplasm
- (2] Malignant neoplasm
- (3] Malignant neoplasm
- ] Malignant neoplasm
Q] Papanicolaou smear of cervix with cytologic evidence of malignancy
- [ Personal history of malianant neoplasm of cervix uteri

of axillary tail of female breast

of breast (female), unspecified

of central porticn of female breast

of lower-inner quadrant of female breast
of lower-outer quadrant of female breast
of nipple and arecla of female breast

of nipple and areocla of male breast

of other and unspecified sites of male breast
of other specified sites of famale breast
of upper-inner quadrant of female breast
of upper-outer quadrant of female breast

of cervix uteri, unspecified

of endocervix

of exocervix

of other specified sites of cervix

Navigate Terms <>l VL] Query Tool
Eaarmtryﬂamﬂsllsaamhhymdnsl Query Name: |
[contains |4 |cancer Group 1 Ed

Dates | Occurs > 0x | Exclude

Dates | Occurs >0x | E

El Cancer of breast

Efl Cancer of cenvix

one or one or
more of m more of
these these
| Breast Cancer Comaorbidity
Run Query | New uery | 2 Groups

BIDMC - 11113 patients

CHB - 10 patients or fewer
Parners - 128143 patients
AGGREGATED - 140143 patients

Finished Query: "Cancer -Cancer @04:44:50"



Relative counts by gender (Male Acute MI)
SHRINE T el

]

Nvigae Terms || [ETTREEY|

4 5| E{: ] Query Tool
Search by Names | | Search by Codes | Query Name: |
[contains &) |infarct | Group 1 i
| Find | [ Any Category %) Dates | Occurs > 0x |Excluce || Dates | Occurs>0x |E
EE Acute myocardial infarction o~ koo rymenci Bt THnoion ) SAkle

9@ Acute myocardial infarction, of anterolateral wall, episode of care unspecif]
@ Acute myocardial infarction, of anterolateral wall, initial episode of care
@ Acute myocardial infarction, of anterolateral wall, subsequent episode of ¢
@ Acute myocardial infarction, of inferolateral wall, episode of care unspecifie
@ Acute myocardial infarction, of inferolateral wall, initial episode of care

- 5] Acute myocardial infarction, of inferolateral wall, subsequent episode of ca
@ Acute myocardial infarction, of inferoposterior wall, episode of care unspet
@ Acute myocardial infarction, of inferoposterior wall, initial episode of care
@ Acute myocardial infarction, of inferoposterior wall, subsequent episode of
@ Acute myocardial infarction, of other anterior wall, episode of care unspeci
9@ Acute myocardial infarction, of other anterior wall, initial episode of care
9@ Acute myocardial infarction, of other anterior wall, subseguent episode of ¢
9@ Acute myocardial infarction, of other inferior wall, episode of care unspecif
@ Acute myocardial infarction, of other inferior wall, initial episode of care
@ Acute myocardial infarction, of other inferior wall, subsequent episode of
@ Acute myocardial infarction, of other lateral wall, episode of care unspecifi
@ Acute myocardial infarction, of other lateral wall, initial episode of care

- 0] Acute myocardial infarction, of other lateral wall, subsequent episode of cz
@ Acute myocardial infarction, of other specified sites, episode of care unspe
@ Acute myocardial infarction, of other specified sites, initial episode of care
@ Acute myocardial infarction, of other specified sites, subsequent episode c
-] Acute myocardial infarction, subendocardial infarction, episode of care uns
9@ Acute myocardial infarction, subendocardial infarction, initial episode of ca
9@ Acute myocardial infarction, subendocardial infarction, subseguent episod
9@ Acute myocardial infarction, true posterior wall infarction, episode of care L
@ Acute myocardial infarction, true posterior wall infarction, initial episode of
@ Acute myocardial infarction, true posterior wall infarction, subseguent epis
@ Acute myocardial infarction, unspecified site, episode of care unspecified
- ] Acute myocardial infarction, unspecified site, initial episode of care

Y

v

one or one or
more of m more of
these these
| Breast Cancer Comorbidity
[ Fun Query | New Query | 2 Groups

|

Finished Query: "Acute m-Male@o4:55:19"
BIDMC - 5730+3 patients
CHB - 9243 patients
Parners - 3260643 patients
AGGREGATED - 384283 patients
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Relative counts by gender (Female Acute MI)
SHRINE e,

[ Navigate Terms || EETESITN

-

o=

g2

B

+1.---[+1

E

s O e O e SO e SN e O oy OO e N o |

=5} SHRINE
EE Demaographics

|-[5] 0-9 years old
F-[5] 10-17 years old
-[3] 18-34 years old
r|-[5] 35-44 years old
-[5] 45-54 years old
|- [5] 65-64 years old
- [3] 65-74 years old
r|-[5] 75-84 years old
|- [5] 85-89 years old
- 0] =65 years old
- (] »=85 years old
- (1] >=80 years old
- 5] Unknown

=[5 Gender

- ] Female

ﬁl Male

-5 D

- 5] Unknown

=15 Language
&[5 Marital Status
-5} Race and Ethnicity

lagnosas

- [5] Lab Tests (demo)

- [5] Medications

Query Tool
Query Name: |
Group 1 Ed
Dates Cecurs > Ox | Exclude || Dates Cecurs > 0x |
E Acute myocardial infarction ,ﬁl Female
one or one or
moreor | [LTY | moreot
these these

| Breast Cancer Comarbidity

|

Finished Query: "Acute m-Female@05:00:22"
BIDMC - 3793x3 patients
CHB - 62+3 patients

Parners - 2513543 patients
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AGGREGATED - 289290+3 patients



Rare: Children with Rheumatoid Arthritis
SHRINE e |

v ]
i
i

Navigate Terms

Search by Mames | | Search by Codes |

Query Tool
Query Name: |

| contains r‘:-] |Fiheum
| Find | (_Any Category %)

@ AMTIMALARIALS ANTIRHEUMATIC ¢
= ANTIRHEUMATICS

@ ANTIMALARIALS ANTIRHEUMATIC

EEI--EI ANTIRHEUMATICS,OTHER

@ CYTOTOXICS ANTIRHEUMATIC

EEI--EI GOLD COMPOUMNDS ANTIRHEUMATIC
EEI--EI MOMNSALICYLATE NSAls ANTIRHEUMATIC
@ PEMICILLAMINE

EEI--E_.I SALICYLATES ANTIRHEUMATIC

EEI--EI ANTIRHEUMATICS,OTHER

§| Accidental poisoning by antirheumatics (antiphlogistics) Il'
- (] Acute rheumatic endocarditis

@ Acute rheumatic heart disease, unspecified

- (3] Acute rheumatic myocarditis

- (3] Acute rheumatic pericarditis

@ Antirheumnatics (antiphlogistics) causing adverse effects in therapeutic use

@ CYTOTOXICS ANTIRHEUMATIC

- (3] Chronic postrheumatic arthropathy

Eﬂ--ﬁ Chronic rneumnatic disease of the heart valves

- [3] Chronic rheumatic pericarditis

EEI--EI GOLD COMPOUNDS ANTIRHEUMATIC

Q] Monoarticular juvenile rheumatoid arthritis

]ﬁ MOMSALICYLATE NSAlIs ANTIRHEUMATIC

|- [] Nonrheumatic aortic valve disorders

EEI--E Monrheumatic mitral valve disorders

Q] Other acute rheumatic heart disease

£| Other and unspecified rheumatic aortic diseases

M e

....I1

Group 1 Ed
Dates | Occurs > 0x |Exclude || Dates | Occurs > 0x | E

& Rheurnatold arthritis {51 0-9 years oid

one or

mtm:l' m more of

these

| Breast Cancer Comorbidity

Fun Guery | Now Query | 2 Groups

Finished Query: "Rheumat-0-9 yea@@05:10:04"
BIDMC - 10 patients or fewer
CHB - 9643 patients
Partners - 31+3 patients
AGGREGATED - 127+3 patients
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SHRINE: Current Work

Making SHRINE rapidly deployable to 60 sites
Training new developers
Documentation and source code refactoring

Launching SHRINE Open Source effort



------------------

SUMMARY

Rapid deployment of i2b2 technology across the country

SHRINE enables federated searches of existing i2b2 deployments without
modifying the software or databases

SHRINE “sub-networks” exist both at Harvard and the west coast with major
new efforts underway per Recovery Act funds

Even simple searches can power many translational studies

Current work focus =rapid deployment and open source

Headed towards supporting Limited Data Set and Biospecimen exchange in
2010
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