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About me

• Australian e-Health Research Centre
• Largest e-Health program in Australia
• Aproximately 100 researchers
• Health Informatics
• Health Data Interoperability

• Involved in several genomics initiatives
• Melbourne, Australian, Queensland Genomics
• Global Alliance for Genomics and Health
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Australian Genomics
BUILT ON NATIONAL COLLABORATION (80 PARTNERS)
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Australian Genomics
PROGRAMS, FLAGSHIPS AND PROJECTS
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A National Gen-Phen Database

• A national approach for data federation and analysis
• Linking genomic and clinical data

• Standardised
• Secondary use
• De-identified, pseudonymised

• Initial sources are Flagships - most use REDCap 
• Will need to support other sources
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A National Gen-Phen Database
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REDCap in the Flagships
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REDCap in the Flagships
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• Clinical data capture is not standardised



REDCap in the Flagships
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• REDCap FHIR Terminology Plugin

Get the REDCap plugin here: 
https://github.com/aehrc/redcap_fhir_ontology_provider

Try Ontoserver here: http://genomics.ontoserver.csiro.au

https://github.com/aehrc/redcap_fhir_ontology_provider
http://genomics.ontoserver.csiro.au/


FHIRCap

• Rules-based transformation engine
• Usable by non-programmers (but still need to understand 

FHIR!)
• Rule structure
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FHIRCap Basics
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VALUE (pts) != null :
Condition<c1> ->
bodySite[0] = CONCEPT_SELECTED (ts),
code = CONCEPT_VALUE (
http://snomed.info/sct|108369006

);

Rules:

Mappings:



FHIRCap Transformation Example
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Somatic Cancer Flagship REDCap Forms

FHIR Representation using SNOMED CT



Examples of Mapping Issues
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Patient
gender: male
birthDate: 1999-01-01

subject

Condition
code: { 

coding: {
system: “http://snomed.info/sct”,
code: “372244006“

},
text:  “Malignant Melanoma“

}

subject

DiagnosticReport
code: { 

coding: {
system: “http://snomed.info/sct”,
code: “15886004“

},
text:  “Screening for cancer“

},
codedDiagnosis: { 

coding: {
system: “http://snomed.info/sct”,
code: “128462008“

},
text:  “Secondary malignant neoplastic disease“

}

Some detail is lost in the mappingFree text might not always map to SCT



Kidgen Flagship Pilot
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• Renal Genetics Flagship 

• Integrates genomic medicine into care for those with inherited kidney 

diseases, with the aim to better diagnose, manage and treat these diseases

• The project has two main goals: 

• Improving the quality of the data that has been collected

• Exploring analytics use cases using SNOMED CT and FHIR



Phase 1 - Data Capture
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Phase 1 - Data Capture
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• Pattern to capture coded data

• It is still possible to enter free text if a concept is not in SNOMED CT
• But, we want to encourage users to search for a concept 
• Free text should only be used if the concept does not exist or doesn’t have good 

descriptions
• The UI is designed to allow free text entry only if the user searches for a code and 

states that it couldn’t be found



Phase 1 – Data Capture
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• Pattern to capture coded data

Bound to a value set to restrict the search space

• Lots of different ways to create value sets
• SNOMED CT can use the Expression Constraint Language, which is really powerful



Phase 1 - Data Capture
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Phase 1 - Data Capture
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Phase 1 – Transformation to FHIR
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Phase 1 – Modelling Recommendations

Analytics using SNOMED CT | Alejandro Metke21 |

• 16 modelling issues were reported
• Issues included:

• Incorrect modelling, e.g., concepts in the wrong hierarchy
• Incomplete modelling, e.g., concepts missing relationships
• Missing concepts
• Missing synonyms



Phase 2 - Analytics
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• A patient attending a Kidgen renal clinic gets diagnosed multiple 
times:
• At referral: preliminary diagnosis made by the referrer.

• Before genomic testing is performed: multi-disciplinary team reviews 
preliminary diagnosis with all information available.

• After genomic testing: multi-disciplinary team reviews diagnosis taking into 
account the results of genomic testing.

• Interested in understanding how diagnoses evolve during this 
journey
• Important to calculate diagnostic yield

• Also helps evaluate the multi-disciplinary clinic model



Interactive analytics, delivered via REST API
• Users want to access real-time analytics 

interactively, via web applications and 
mobile devices

• Interacting with data warehouses directly 
via SQL is difficult to secure and imposes a 
high-level of complexity on clients

• Users need an integrated solution for 
querying clinical records and the 
terminology within them

• Solution: provide a FHIR-based REST API 
that can satisfy aggregate query requests, 
and also drill-down to individual records 
where the user is authorised
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Aggregation

Grouping Filtering

Number of patients

Patient has a recorded diagnosis 
that is a type of lung infection

grouped by

Patient has recorded diagnosis that is a type of 
autoimmune arthritis

where

Patient has been prescribed a 
type of TNF inhibitor

and where



Run-time resolution of terminology queries

• Traditional data warehousing 
technology relies heavily on 
pre-computation of value sets 
used in aggregation and filtering

• This does not work when 
dealing with large and complex 
terminologies such as SNOMED 
CT, as the range of possible 
expressions within queries is 
unbounded

• Solution: delegate execution of 
terminology expressions to a 
dedicated service
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Data warehouse Terminology service

Results of executed
terminology queries

Conformed
clinical records

In-memory execution of queries 
that join across clinical data 

and terminology

Query results delivered
to analytics users

Genetic data
repository

Source clinical
information systems



Current solution
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Spark Cluster

depends upon

Spark master

queries
query results

Spark worker

HDFS Cluster

Namenode Datanode

Thrift

FHIR server Ontoserver

UI

data definition 
queries

terminology 
queries

job requests 
and results

job requests 
and results

where is my 
data? data retrieval



Notebooks
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• We have created a number of notebooks demonstrating analytic 
techniques for analysing SNOMED CT coded data

• Examples demonstrate the use of the Spark Python API to query 
the data warehouse and Ontoserver, and combine the results

• Future experimentation with Zeppelin and R-based notebooks is 
planned

https://jupyter.org/

https://zeppelin.apache.org/

https://jupyter.org/
https://zeppelin.apache.org/


Phase 2 - Analytics
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THE AUSTRALIAN E-HEALTH CENTRE

Thank you
Alejandro Metke
The Australian e-Health Research Centre

e: alejandro.metke@csiro.au


