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— Introduction

L$_

Practice
Knowledge )a

Learning Healthcare System

Cycle use of clinical data to

improve clinical practice:

* enable data usability

* provide large-scale
databases for observational
studies
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FAIR principles

Findability:

Methodological challenges:

> persistent identifiers, indexed data

Accessibility:

» standard, free and shared protocol to
retrive data, authentication procedure

Interoperability:

» vocabolaries, shared language and
codes

common data standards
multinational collaboration
compliance with regulatory
laws of nations

standard methods and
tools to process data

Reusability:
»> data richly
information

described, source

FAIR Principles concern:

 data

*  metadata

* informatics tools and infrastructures
leading to data
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ICS Infrastructures at ICMS
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ETL: Extract, Trasform, Load

REDCap (Research
Electronic Data
Capture) is
responsible of Data
Entry process

...... ETL
o I

Clinical Scientific

Institute Maugeri:

*IRCCS (Institute for
Research and Health
Care) hospital

ormatics infrastructures at ICMS

i2b2 (Informatics for Integrating Biology
and the Bedside): enables the building of
a data warehouse
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OHDSI (Observational Health
Data Sciences and Informatics):
standardized model for data
sharing

AU 4

Vv

network

+ 18 centers in Italy

* reference point in the
Italian  rehabilitative

Observational studies—>
Support decision health
systems

medicine field.

Danila Vella NETTAB, Genova, 2018

©)



ICS Infrastructures at ICMS
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7

REDCap: Research Electronic Data Capture

I —

REDCap is one of the most popular web-based
applications to support data capture for research
studies and registries.

Inshtutmnﬁ Countries ijeds User‘
REDCap X X
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Cap FAIRness

F principle
local identifiers; adding fields containing
public identifiers to obtain a publicly shared
identifier schemes

record_id |[redcap_event_name |redcap_data_access_group |id_cod data_nascita [sesso |diagnosi_eziologica_1
43136|ingresso_arm_1 pavia 1289917569 01/01/1956 0 437.1
43164|ingresso_arm_1 pavia 178440/ 18/01/1939 1 430
43164|dimissione_arm_1 pavia
43195(ingresso_arm_1 pavia 439742059 29/05/1946 0 434.11
43225|ingresso_arm_1 pavia 69642| 03/10/1953 1 430
43225|dimissione_arm_1 pavia

DERIERYEE] NETTAB, Genova, 2018 @




DCap FAIRness

F principle
local identifiers; adding fields containing
public identifiers to obtain a publicly shared
identifier schemes

record_id |[redcap_event_name| |[redcap_data_access_group |id |cod data_nascita [sesso |diagnosi_eziologica_1
43136|ingresso_arm_1 pavia 1289917569 01/01/1956 0 437.1
43164|ingresso_arm_1 pavia 178440/ 18/01/1939 1 430
43164|dimissione_arm_1 pavia
43195(ingresso_arm_1 telese 4B9742059| 29/05/1946 0 434.11
43225|ingresso_arm_1 telese 69642| 03/10/1953 1 430
43225|dimissione_arm_1 telese

I

A principle
smart user management system, center-specific data
access, data usability limited by privacy issues
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EDCap FAIRness

F principle
local identifiers; adding fields containing
public identifiers to obtain a publicly shared
R principle identifier schemes
metadata consists of many attributes facilitating data
understanding and usability

/N

record_id||redcap_event_name |redcap_data_access_group ili_cod data_nascita [sesso |diagnosi_eziologica_1
43136|ingresso_arm_1 pavia 1289917569 01/01/1956 0 437.1
43164|ingresso_arm_1 pavia 178440/ 18/01/1939 1 430
43164|dimissione_arm_1 pavia
43198%ingresso_arm_1 pavia 439742059 29/05/1946 0 434.11
4322%lingresso_arm_1 pavia 69642| 03/10/1953 1 430
43228%|dimissione_arm_1 pavia

————

A principle
smart user management system, user-specific data
access, data usability limited by privacy issues
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— REDCap FAIRness

R principle
metadata consists of many attributes facilitating data
understanding and usability

/N

F principle
local identifiers; adding fields containing
public identifiers to obtain a publicly shared
identifier schemes

record_id |redcap_event_name |redcap_data_access_group |id_cod data_nascita [sesso |diagnosi_eziologica_1
43136|ingresso_arm_1 pavia 1289917569 01/01/1956 0 437.1
43164|ingresso_arm_1 pavia 178440/ 18/01/1939 1 430
43164|dimissione_arm_1 pavia
43195(ingresso_arm_1 pavia 439742059 29/05/1946 0 434.11
43225|ingresso_arm_1 pavia 69642| 03/10/1953 1 430
43225|dimissione_arm_1 pavia
A principle
smart user management system, user-specific data I principle

access, data usability limited by privacy issues
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‘Text Box’ field allows the restrictive insertion of terms
from over 400 different BioPortal ontologies (including
most used HL7, ICD9-CM, LOINC, etc...).
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ICS Infrastructures at ICMS
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m. rmatics for Integrating Biology and the Bedside

Objectives: a software infrastructure designed to 285 gpb \.8i2b2
1. integrate data form clinical heterogeneous "l
sources (data warehouse) P -

2. easily query them \/

Data structure: CRC (Clinical Research Chart) Find Terms
schema is a set of defined tables containing ;ggggzﬂﬁ:mcs
patient’s clinical data (Image) =5 Inherited Arthythmogenic Disease

ﬁ FPrimary Diagnosis
ﬁ Secondary Diagnosis
IZ—ZI,@ Events

ﬁ Event Trigger

Ontologies: data are mapped into concepts = {31 First Event
organized in an tree-like structure e o i
E Therapy Beta Blocker
E Type

],@ Mutations

[ NLP Lettere

-5 Test

],@ Therapy
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2 FAIRness

Elﬁ Diseases And Injuries ° Ontology-oriented structure-> data

@ Primary Diagnosis

- © Secondary Diagnosis r|Ch|y dESCI‘Ibed (R)

E Certain Conditions Criginating In The Perinatal Period

&[] Complications Of Pregnancy, Childbirth, And The Puerperium e use of known standard

ﬁ Congenital Anomalies

ﬁ Dizeases Of The Blood And Blood-Forming Organs OntOIC)g |eS/CIaSS|flcat|On (ATC,

E Diseases| Diagnosis ', Diagnosis \ Congenital Anomalies \, - ICDSCM:740-759.99 i
ﬁ Diseazes Of The Digestive System SNOM ED, - ) (I)

ﬁ Diseazes Of The Gentourinary System

Query Tool B
[ Query Tooi |

Query Name: | Disea-Infec-Suppl@16-48 13 ]

Temporal Constraint: [

Treal Indepen:

e dently v Treal Independently v Treal Independently v
ﬁ Diseases Of The Blood And Blood-Forming Organs E Infectious And Parasitic Diseases E Supplementary Classification Of Factors Influencing Health Status An

* interface and data
structure facilitating query
run (A)

* rich metadata, data
iIndexed in a searchable
source (F)

Finished Query: "Disea-Infec-Supp|@16:48:13" [13.6 secs]
Compute Time: 11.5 secs

Number of patients for "Disea-Infec-Suppl@16:48:13"
patient_count: 218
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ICS Infrastructures at ICMS
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mservational Health Data Sciences and Informatics

1

« OHDSI: international network of researchers and observational health databases (since 2014)

» Collect data from heterogeneous source

* OHDSI leverages on OMOP CDM (Observational Medical Outcomes Partnership Common
Data Model), a standard to store data into common database

'~ OHDSI Network:

. » >200 researchers in
' academia, industry and
| government

. * >82 databases from 17
| countries
« 1.2 billion patients
records

.....................................................
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I 0bservational Medical Outcomes Partnership
Common Data Model (OMOP CDM)

I —
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Person
: . Standardized health system data Standardized meta-data
Observation_period
Location Care_site CDM_source
Specimen A
> Proyider
Death Concept
-~
Payer_plan_period = Vocabulary
m . wn
= Visit_occurrence < = o
- — | > 5 Domain
® o o
o Procedure_occurrence [€ * § a Concept_class
c ! _
S I J > Cost g N —
=2 o Concept_relationship
3 Drug_exposure f =
= w
e |
<] \ . : Relationship
= Device_exposure
-E \\ Cohort Concept_synonym
S Condition_occurrence [€ A
@ Cohort_attribute g Concept_ancestor
Measurement o =
Condition_era o a Source_to_concept_map
Note <€ 3 N
= a Drug_strength
Note_NLP Drug_era o
] g_ Cohort_definition
Observation s
Dose_era o i 3 o Tt
Fact_relationship — Attribute_definition
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iIcal Outcomes Partnership
Common Data Model (OMOP CDM)

1
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Death
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S
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Patient-Centric

» patient information stored in the table
PERSON

» the primary key serves as external key for
almost all other tables: Drug_exposure,
Condition_Occurrence,...



—UMOP CDM FAIRNness

Standardized meta-data

CDM_source

Concept

Concept_id: OMOP Field name Example

identifier for the standard T | <entity>_concept_id condition_concept_id 313217

vocabulary (SNOMED "Atrial Fibrillation")
<entity>_source_concept_id condition_source_concept_id

Source_concept_id: / 44821957

OMOP identifier for the : : “Cch_M Atrial F'b”'l'a“";‘ )3

source vocabularies <entity>_source_value con |t|0nisolfrceiw? ue.tl 7.31

(ICD9CM "Atrial Fibrillation")

Vocabulary

Domain

| principle:
» OMOP supplies a unique standard term (concept_id) when more
vocabularies intersect describing the same concept

A principle:

» OMOP model ensures that the same query can be applied consistently
to different database

F principle:

» unique identifiers and available community-tools allow data
management

R principle:

» details about source database are stored in a dedicated table,
‘CDM_SOURCEFE’

Danila Vella NETTAB, Genova, 2018

Concept_class

Concept_relationship

Relationship

Concept_synonym

Concept_ancestor

Source to_concept_map

Drug_strength

Cohort_definition

Attribute_definition
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esults

(5
REDCap registries Records Involved Structures

Pavia, Pavia-Boezio, Montescano, Tradate, Lumezzane,

“ant el 0 Veruno, Telese, Torino, Milano
Stroke 47 Pavia, Boezio, Telese
Respiratory disease 1289 Tradate
Palliative Care 1700 Pavia
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.  Sources Data 12b2

"'.l HIS Diabets
“ BioBank Cardiology
Registri — Oncology
egistries Respiratory Disease
Discharge Nephrology
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Results

REDCap registries Records Involved Structures
. Pavia, Pavia-Boezio, Montescano, Tradate, Lumezzane,
“ant el 0 Veruno, Telese, Torino, Milano
Stroke 47 Pavia, Boezio, Telese
Respiratory disease 1289 Tradate
Palliative Care 1700 Pavia

ETLf REDC i2b2
e e m—
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Il\
i

"'.l HIS Diabets
n BioBank Cardiollogy
. — Oncology
Registries Respiratory Disease
Discharge Nephrology
letters

I ETL from i2b2 to OMOP I
Mock database




— Conclusions

 ETL pipelines represent a valuable base to design specific applications for
REDCap registries and i2b2 databases to transfer ICSM data to OHDSI, an
international network of researchers and observational health databases

» The currently used infrastructure REDCap and i2b2 incorporate many FAIR
services

« Some problems have already been addressed for data mapping between
different database architectures and others should still be addressed (ETL from
12b2 to OMOP 98.72% mapping data)

» This architecture is a contribute allowing ICSM to implement the Learning
Healthcare System Cycle
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