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Questions at the beginning ..

What is the SMART project about?

How does SMART fit into 12b2?

What new capabilities will i2b2 gain from this project?
What will be added to i2b2 architecture?

What other exciting paths could this lead us to?
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; . . |
What is the SMART project about” K

Substitutable Medical Apps, reusable technologies SMART

Provides a unified mechanism for diverse apps to interact with
medical record data — An iPad kind of App that fits into AJAX
model of web browsing

Enables SMART Apps built against a SMART API to be
embedded within any SMART Container

A SMART Container can be an EMR system used by
physicians, or a PHR system used by patients...or a data-

analytics platform such as 12b2 used by researchers



How does SMART fit into 12b2?
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SMART Container in 12b2
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SMART Container in 12b2
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Message Architecture: SMART i2b2 Cell (REST & OAuth)
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1 A SMART app can run inside the new web client plugin
[ ]

Setup of new and access the SMART API via SMART Connect
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A SMART app can access a resource directly via REST URLs:

http://smarti2b2.org/records/100000012/medications/
e App sends its OAuth credentials in Authorization part of request to the SMART
cell

GET /records/1000000012/medications/ HTTP/1.1

Host: smarti2b2.org

Authorization: OAuth realm=“SMART”,
oauth_consumer_key=“dpf43f3p214k3101”’,
oauth_token=*“nnch734d00s12jdk™,
oauth_signature_method=*“HMAC-SHAl1”,
oauth_timestamp=“123456789”,
oauth_nonce=*“JKFJxn”,
oauth_signature=*“MdpQcU81PSUjWoN%2FUDMsSK2sui91%3D”’

Currently, not all SMART REST apps will work against i2b2 without further
configuration. The REST apps currently make reference to the Sandbox environment

at smartplatforms.org with their usable tokens. REST apps can be configured to work
ini2b2, though, like RxMinder.
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This plugin demonstrates how to register a plugin within the i2b2 web client framewo k.
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What new capabilities will i2b2 gain from this project?

Recruit Patients for Clinical Trials — Capitalizing on
SMART

Find cohort and save patient set
Create a project for the study

Review patients one by one in the project

m Need contact demographics

m Need patient-by-patient optimized views

m May need very current enterprise data
Coordinating center manages and recruits patient by
Institutions set of rules



What will be added to the i2b2 architecture?

°Sends request to i2b2 hive to get problems on
patient 1000000012

Receives response as an i2b2 PDO

For concepts in PDO, request local codes to be
mapped to needed code (ICD9 - SNOMED)

Receives response as i2b2 message containing
mapped code in SNOMED

Transforms i2b2 message into SMArt RDF
s ©

S 4

RDF




1. An individual’s problems as represented in an i2b2 XML message:

- «<ns2:concept_set>
- <concept>
<concept_ path::\lzbz\Dlagnuses\Clrculatnw system (390-459)\Hypertensive disease (401-405)\(401)
Essential hvo ension (401-9) Unspecified essential hyp~\ </concept_path=
<concept_c concept_cd=
<:name_char:=-Huchard 5 dlsease::fname_char}
<fconcept=
- <concept>
<concept_path=\i2b2\Diagnoses\Digestive system (520-579)\0Oral cavity diseases (520-529)\(523)
Gingival and periodontal di~\(523-6) Accretions on teeth\ </concept_path=
<concept_cd=ICD9:523.6</concept_cd>
<name_char=Dental plaque </name_charz=
</concept=
- <concepts
<concept_path=\i2b2\Diagnoses\Digestive system (520-579)\0Oral cavity diseases (520-529)\(523)
Gingival and periodontal di~\(523-9) Unspecified gingival and ~\ </concept_path=
<concept_cd=ICD9:523.9</concept_cd=
<name_char=Unspecified gingival and periodontal disease </name_char=
<fconcept>
- =concept>
<concept_path=\i2b2\DiagnosesGenitourinary system (580-629)\Nephritis, nephrotic syndrome, and
nephrosis (580-589)\(585) Chronic renal failure\ </concept_path=
<concept_cd=ICD9:585</concept_cd:=
<name_char=Chronic renal failure</name_char=

</concept> Ontology
. Cell /
Case: We require diagnoses to be coded in SNOMED, but we only have "/
ICD9 codes.

Action: Send an XML request to the Mapping Cell with the desired
ICD9’s (above) to be mapped to SNOMED (e.g. ICD9: 401.9)
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2. Response from Mapping Cell contains SNOMED codes and names:

- «<mapped_concept_setx=
- <mapping>
<source_coding_system=ICD9</source_coding_system:
{snurce_baseccdscurce_basecode;
{destination_coding_sags em}SNOgfdestinatinn_cnding_system}
<destination_basecode>38341003 <Jdestination_basecode =
<destination_name=Hypertensive disorder, systemic arterial (disorder) </destination_name=
</mapping =
- <mapping =
<source_coding_system=ICD9</source_coding_system>
<source_basecode=523.6</source_basecode
<destination_coding_system=>8SN0O</destination_coding_system=
<destination_basecode=17552000</destination_basecode =
<destination_name:=Dental calculus {disorder)</destination_name:=
</mapping =
- <mapping=
zsource_coding_system>ICD9</source_coding_system:>
zsource_basecode=523.9</source_basecode:
<destination_coding_system=>SN0</destination_coding_system=
<destination_basecode=2556008 </destination_basecode=
<destination_name:=Periodontal disease (disorder)</destination_name=>
</mapping >
- <mapping=
<source_coding_system=ICD9</source_coding_system=
zsource_basecode=585</source_basecode
<destination_coding_system=8SN0</destination_coding_system=
<destination_basecode>00688005 </destination_basecode =
<destination_name:=Chronic renal failure syndrome (disorder)</destination_name:=

</mapping = Mapping
N\ Cell

The mapping cell returned the mappings for the ICD9’s sent from the
previous slide (e.g. SNOMED of 38341003 mapped to ICD9: 401.9)



—.

3. i2b2 “Mapped PDO” is transformed into RDF in SMArt Cell

- =sp:Problem=
- <sp:problemName=
- =sp:Codedvalue =
zsp:code rdf:resuurce:"http:fj’www.ihtsdn.urgfsnnmed—ctfcuncepts" f=
<dcterms: title >Hypertensive disorder, systemic arterial {disorder)</dcterms: title>
- <sp:codeProvenance
- «=sp:CodeProvenance>
<sp:sourceCode rdf:resource="http://smart.i2b2.org/concepts/code - [=
<dcterms: title =Huchard's disease</dcterms: title =
<sp:translationFidelity rdf:resource="http://smartplatforms.org/terms/code/fidelity#automated" /=
=/sp:CodeProvenance=
=/sp:codeProvenance=
=/sp:CodedValue=
</sp:problemMName =
<sp:onset=2005-10-31</sp:onset=
<sp:resolution>=2007-10-31</sp:resolution>
</sp:Problem=

SMArt
Cell




Providing mappings using NCBO services

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

NCBO

REST
XML

e (=== Locally

ICD9 > SNOMED_CT Mapped data




Workflow stimulates development of IM Cell
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ldentity Management Cell

Main functions
m Converts MRNs to i2b2 patient nums

m Holds demographics in tables which themselves do not contain clinical
data

m Links to enterprise services and converts custom enterprise output to
I2b2 standards

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



Introduction of demographics into IM cell
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Demographics are in IM
database, but for most
current may need to use
Enterprise Service.
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ETL of hospital services through IM Cell

Old data is
obtained from
CRC and merged
with servece data

eMGH-fheu

4 eMGH-fheu 2
MGHO004 \
Most current data is sent
to CRC from IM cell with
Encrypted MRNs and
back to SMART cell,

copy sent to CRC, last
update date in CRC set

MGHO004

MGHO004

| ‘ Enterprise

I ' Services
3| MGH004




Client can be optimized for EMR-View of patient

i2b2web client

SMART Connect or REST

SMART RDF PDO request

------------ *

Claus

nt:

ART EMR-View clien

% Potiem Search: &

SMART Apps

| or REST
SMART RDF

’H.L‘. ! ¢ 4 0
Labs |
Vitals D, -
;?:s;ar:h ’_g__:_— I T e [ S
- | SMART | SMART
1 APP ' APP
\
=1 SMART = | ! SMART
] APP 11 APP
Sy \
R e

The job of the SMART cell is to do most of the heavy lifting to
convert SMART queries into serviceable i2b2 queries and
convert i2b2 responses to SMART RDF responses that can be
consumed by the SMART apps.
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What other exciting paths could this lead us to?

Create a client to optimize EMR-View of patient

Allow recruitment across several sites with common
coordinating center

m Find cohort

m Recruit doctors at other institutions for a clinical trial

m Create a project for the study

m Present patients one by one using SHRINE data + contact
demographics

o Institutions may want to enforce quotas and slowly release patient data to
keep contributions of patients to the clinical trial even across sites

m Coordinating center manages and recruits patient by each institutions
set of rules



Layout of editable EMR-Screen
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Layout of locked EMR Screen

SMART i2b2 EMR Dashboard ¥  Patient Search: & 1000000012
Claus, Santa
1 Santa Shop Lane DOB: 124251920 Insurance: SELF PAY Guarantor: Doe, John
Morth Pole, Massachusetts - 01234 Ager 91 yrs Policy #: [Show] 123 FirstAvenue
Phone: 123-456-7890 Sex  Male Advanced: Boston, Massachusetts 02114
Select View < . i
— Medications
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= “
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Custom Name — :
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© whrewr e
Med List Cardio Salutis
Medicadon Instructions CARDAOUASCIA A ENSEAST RISK
> carvedilol 235 MG Onl Table: 1 dailr [images] =1
calecozib 200 MG Ozl Capruls [Calsbers] 1 daily fiamage]
Crelobenzipane brdeochlonds 10 MG Oul Tablet 1tdpem  [images
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Layout of Patient Lookup

SMART i2b2 EMR Dashboard h Patient Search: & 1000000012

= Today's Upcoming Patients — Search

=30 am  Merico, Julia S.
0enine Pain in neek

1000 am  Frank, Bowler M. )
0 mins  Abdominal pain 12/3 e — Last Name -

1990 4 Nadeau, Leslie a5 — Results — Chart Number

mine  General checkup

1100am  Stevens, Scott name -« chart numbar phone patient
Pink aye : Barich, Kara 123-45-9017 BE3TE (305) 879-4783 data - chart
Howser, Andraw Bartolick, Carrie 132-66-8518 55192 (305) 227-0362 deta - chart
General checkup - Beard, Scott 123-45-5972 47383 (756) 661-8202 deta - chart
12006  Bogalino, Roy Antho... Bertsch, Susan 132-86-83338 B3632 (756) 790-7081 deta - chart
20 vhing.  Bors throat 13008 Black, Steve 123455956 57513 (786) 380-8043  deta - chart
Bogoslawsky, Bob  132-66-8513 53062 (305) 222-0312  dera - charr
Bontempi, Joanne  123-45-3011 63543 (786) TEO-6135  dars - charr
Booker, Jahn 123-45-8998 58357 (726) 540-4059  dets - chart
Bouchillon, Steve  132-66-8526 58568 (726) 580-3063  dats - chart
Breed, Caroline 122-45-9005 61211 [726) 641-7487 data - chart
Brown, Steven 132-86-8541 64292 [726) 210-1405 data - chare
Browne, Brad 122-66-28504 49284 (205) 204-0132 data - chart

1230 Spago, Stephanie
Twisied ankle

Hyde, Samal
Broken arm

Merico, Julia S.
Pain in neck

Frank, Bowler M.
Abdominal pain

Nadeau, Leslie
General eheckup

Stevens, Scott
Pink eye

Howser, Andrew
General checkup

Bogalino, Roy Antho...
Sore throat 1

Spago, Stephanie
Twisted ankle

Hyde, Samal

Broken arm

Frank, Bowler M.
Abdominal pain

Nadeau, Leslie
General eheckup

Stevens, Scott
Pink eye

Howser, Andrew
General checkup

Bogalino, Roy Antho...
1

Sore throat

1zacem  Spago, Stephanie

Fut Twisted ankie

100 e Hyde, Samal
Z0mins  Broken arm
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