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Christine is a 7 year old with Crohn’s disease.

She is no longer doing well on infliximab 
(the first line treatment). 

Which treatment should she try next?
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FHIR (2012, but really 2018)

{

  "resourceType": "Observation", "id": "calprotectin-001",

  "status": "final",

  "code": {

    "coding": [{ "system": "http://loinc.org",

                 "code": "38445-3",

                 "display": "Calprotectin [Mass/mass]" }] },

  "subject": { "reference": "Patient/12345" },

  "effectiveDateTime": "2026-08-17T08:30:00Z",

  "valueQuantity": { "value": 285, "unit": "ug/g",

                     "system": "http://unitsofmeasure.org", "code": "ug/g" }

}
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Bulk FHIR (2018, but really 2023)

{"resourceType":"Observation","code":{...},"valueQuantity":{"value":157.4,...}}

{"resourceType":"Observation","code":{...},"valueQuantity":{"value":158.1,...}}
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Many Bulk FHIR implementations!

Open Source FHIR Servers

• Microsoft

• HAPI

• Medplum 

Commercial FHIR Servers

• Azure API for FHIR

• CareEvolution

• Firely Server (SQL endpoint)

EHRs

• 269+ ONC Certified Implementations

• Including: Epic, Cerner and Meditech

Payor Data Servers

• CMS ACO Beneficiary Claims Data

• CMS Claims to Part D Sponsors

• CMS Data at the Point of Care

https://github.com/microsoft/fhir-server
https://hapifhir.io/
https://github.com/medplum/medplum
https://azure.microsoft.com/en-us/services/healthcare-apis/#pricing
https://fhir.docs.careevolution.com/interface/r4/operations/
https://fire.ly/products/firely-server/
https://chpl.healthit.gov/#/collections/api-documentation
https://fhir.epic.com/Documentation?docId=fhir_bulk_data
https://fhir.cerner.com/millennium/bulk-data/
https://fhir.meditech.com/explorer/api/uscore._._/1
https://sandbox.bcda.cms.gov/
https://ab2d.cms.gov/
https://dpc.cms.gov/
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CumulusQ
https://smarthealthit.org/cumulusq/

Cumulus Library
(query runner)

ReportingMetric OutputData

FHIR 
Datastore
(Athena)

FHIR Bulk 
Export Files
(NDJSON)

Quality Metric
Tables

Characterization
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SQL
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{

  "resourceType": "Observation", 

  "id": "calprotectin-001",

  "status": "final",

  "code": { "coding": [{ 

    "system": "http://loinc.org",

    "code": "38445-3",

    "display": "Calprotectin [Mass/mass]"

   }]},

  "subject": { "reference": "Patient/12345" },

  "effectiveDateTime": "2026-08-17T08:30:00Z",

  "valueQuantity": { 

    "value": 285, 

    "unit": "ug/g",

    "system": "http://unitsofmeasure.org",

    "code": "ug/g" 

  }

}

Quality and Characterization Examples
(full set at https://github.com/sync-for-science/qualifier/blob/master/metrics.md)

Is value realistic?
q_obs_value_range

Is patient in the dataset?
q_ref_target_pop

Is date in the future or 
distant past?

q_date_recent

Did test happen during the 
patient’s lifetime?
q_date_in_lifetime

Is id unique for 
Observations in data set?
q_value_unique

Will this id get me most of the 
lab values I want?
c_code_use

How many lab results are 
in this dataset

c_resource_count

Can I rely on a this 
terminology being used 

for all labs?
c_system_use

http://unitsofmeasure.org
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What do we need?

{
  "resourceType": "Observation", 
  "id": "calprotectin-001",
  "status": "final",
  "code": { "coding": [{ 
    "system": "http://loinc.org",
    "code": "38445-3",
    "display": "Calprotectin [Mass/mass]"
   }]},
  "subject": { "reference": "Patient/12345" },
  "effectiveDateTime": "2026-08-17T08:30:00Z",
  "valueQuantity": { 
    "value": 285, 
    "unit": "ug/g",
    "system": "http://unitsofmeasure.org",
    "code": "ug/g" 
  }
}

patient_id effective_date_time value

12345 2026-18-17… 285

http://unitsofmeasure.org
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Calprotectin ViewDefinition

{
"resource": "Observation",
"name": "calprotectin",
"select": [{

"column": [{
"name": "patient_id",
"path": "subject.getReferenceKey()"

},{
"name": "effective_date_time",
"path": "effectiveDateTime"

},{
"name": "value",
"path": "value.ofType(Quantity).value"

}]
}],
"where": [{

"path": "code.coding.where(system='http://loinc.org' and code='38445-3').exists()"

},{
"path": "status = 'final' or status = 'corrected'"

}]
}
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FlatQuack.org
Fully open source tool to compile SQL-on-FHIR ViewDefinitions to DuckDB SQL

Flat
Quack

SQL Pipeline 
Template

SQL

SQL-on-FHIR 
ViewDefinition

DuckDB Engine

FHIR

Flat 
Tables

BI Tool SQL 
Pipeline
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Calprotectin SQL

 bunx flatquack -p calprotectin.vd.json -t @csv -m preview

      SELECT {
          'patient_id': (subject.reference).parse_path ('/') [-1],
          'effective_date_time': effectiveDateTime,
          'value': (valueQuantity.value)
        } AS result
      FROM
        read_json_auto(
          'Observation*.ndjson',
          columns = { subject: 'STRUCT(reference VARCHAR)', effectiveDateTime: 'VARCHAR',
                      status: 'VARCHAR', valueQuantity: 'STRUCT(value DOUBLE)', 
                      code: 'STRUCT(coding STRUCT(system VARCHAR, code VARCHAR)[])'
                    }
        )
      WHERE 
        (code.coding).list_filter (
            el -> ((el.system) = 'http://loinc.org')  and ((el.code) = '38445-3')
        ).list_filter(el -> el IS NOT NULL).ifnull2([]).len() > 0
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What we learned

DuckDB macros are awesome!

- Pave over differences between DBs (e.g., Athena dateDiff vs. DuckDB date_sub)

- Fix persistent DB bugs (e.g., ifnull chaining)

- Add functionality (e.g., FHIRpath’s nulls as empty list)

Just-in-time schema generation pattern is powerful

Modeling dates as ranges can avoid a lot of edge cases

Summary tables for visualization, detail tables for root cause analysis

https://docs.aws.amazon.com/redshift/latest/dg/r_DATEDIFF_function.html
https://duckdb.org/docs/lts/sql/functions/date#date_subpart-startdate-enddate
https://github.com/duckdb/duckdb/issues/11907
https://github.com/gotdan/flatquack/blob/c76676ee97c695794a714e631d1c729b1c3860d7/templates/duck-macros.js#L2
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Open Source FHIR Bulk Data Tools

Sample FHIR Bulk Data / Synthetic Data Generator

API Server Reference Implementation (for Testing)

Client Reference Implementation

CumulusQ Project

FlatQuack Project

Microsoft Bulk FHIR De-Id Tool

https://github.com/smart-on-fhir/sample-bulk-fhir-datasets
https://github.com/synthetichealth/synthea/
https://bulk-data.smarthealthit.org
https://github.com/smart-on-fhir/sample-apps-stu3/tree/master/fhir-downloader
https://smarthealthit.org/cumulusq/
https://github.com/gotdan/flatquack
https://github.com/microsoft/FHIR-Tools-for-Anonymization
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Slides

https://CentralSquareSolutions.com/duck-deck

https://centralsquaresolutions.com/duck

