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🌐 danielvreeman.com/about

Hi, I’m dan@hl7.org
Physiotherapist, biomedical informatician, interoperability aficionado 

Chief Standards Development Officer at HL7 International 

President, Board of Directors at HL7 FHIR Foundation 

At RTI International, I led interoperability projects 

For 13+ years I led development of LOINC and other interoperability 
projects at the Regenstrief Institute 

Conversation starter: Style with a story

Unusual, I know.

https://danielvreeman.com/about
http://danielvreeman.com/about
mailto:dan@hl7.org
https://hl7.org
https://fhir.org
https://rti.org
https://loinc.org
https://regenstrief.org
http://thepocketsquareproject.org/


Game plan for today

1. Lessons learned the hard way with health data 
2. Why open standards are essential 
3. FHIR basics: what innovators need to know 
4. The extended FHIR family 
5. Resources and tools for using FHIR 
6. Discussion



  
Lessons learned the hard 
way with health data

 Inspired with AI by Mark Tansey’s A Short History of Modernist Painting

https://www.thebroad.org/art/mark-tansey/short-history-modernist-painting


Lesson 1: 
You’re almost certainly not seeing 
the full picture.



41% 
of ED visits are for patients with 
data at another institution

🖹 PMID: 22195094

http://www.ncbi.nlm.nih.gov/pubmed/22195094


Health care is an intricately woven network

🖹 PMID: 22195094

http://www.ncbi.nlm.nih.gov/pubmed/22195094


Nearly every ED in 
Indiana shares 
patients with every 
other ED in the state
🖹 PMID: 22195094

http://www.ncbi.nlm.nih.gov/pubmed/22195094


Fixed with FHIR



🌐 ONC HTI-1 Final Rule

https://www.healthit.gov/topic/laws-regulation-and-policy/health-data-technology-and-interoperability-certification-program


🌐 U.S. Office of National Coordinator for Health IT FHIR endpoint tracking

https://lantern.healthit.gov/?tab=dashboard_tab


🌐 U.S. Office of National Coordinator for Health IT FHIR endpoint tracking

https://lantern.healthit.gov/?tab=dashboard_tab


Lesson 2: 
If you work with health data, life 
will be messy.



Variation abounds: data formats



Variation abounds: data formats
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Data Extracts
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Documents
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CODE NAME
34626D Arterial BP Diastolic
39312D ABP Diastolic
ARTDIASBP Arterial Diastolic BP
nvArtBPS Arterial Blood Pressure Diastolic
DBP DBP
25284D BP (NIBP)
2737317 Diastolic Blood Pressure #1
6881D BP Diastolic
3800DBP BP
77934D BP Manual Diastolic
919109 Diastolic Blood Pressure
DiastBP DiastolicBP
PBPD PRE BLOOD PRESSURE DIASTOLIC
POBPD POST BLOOD PRESSURE DIASTOLIC

Variation abounds: clinical measures



Variation abounds: lab tests
CODE NAME
AGTCE Angiotensin Converting Enzyme
5523 ACE SerPl Qn
ACE ACE
22441 AngioTens Conv Enz
99234 ACE (angiotensin)
25284D Angiotensin-1-Converting Enzyme
2737317 ACE (serum)
6881A Angiotensin Converting Enzyme, Ser
3800ACE ANGIOTENSIN CONVERTING ENZYME, S
77934A Angio Convt Enzym
919109 ACE, SERUM
34ACE Angiotensin Con. Enz
ANGCE Angiotensin CE
6621456 Angio. Conv. Enzyme



Variation abounds: units of measure
Blank FL TH/UL X10(3)
% K/CMM THOU/CMM 1000/UL
/100 W k/cmm thou/cmm X10(3)/MCL
/CMM K/CU MM thou/mm3 X10(3)/UL
CMM K/CUMM THOU/UL X10(6)/MCL
10 3 L K/MCL THOUS/CU.MM X10*9/L
10X3UL K/mcL THOUS/MCL X10E3/UL
10^3/UL K/UL THOU/mcL X1000
10*3/uL k/uL THOUS/UL X10X3
10?3/uL KU/L Thou/uL X10^3/UL
10E3/uL K/MM3 THOUSA x10
10e3/uL K/mm3 THOUSAND X10?3/ul
10e9/L LB THOUSAND/UL X10E3/UL
E9/L PLATELET CO U X10E3
BIL/L T/CMM X 10-3/UL K/A?L
bil/L TH/MM3 X 10(3)/UL K/B5L
CU MM th/mm3 X10 3

🖹 PMID: 24677577

http://www.ncbi.nlm.nih.gov/pubmed/24677577




Syntax Standards  
Messages, Documents, APIs 
HL7 V2, CDA, FHIR 🔥  

Semantic Standards  
Vocabulary/code systems 
LOINC, RxNorm, SNOMED CT, ICD, UCUM, HPO, CDC R/E  

Making sense 
of the mess 
requires 
multiple data 
standards

https://hl7.org/fhir/us/core/


Fixed with FHIR



 Emory:Rimidi FHIR Case Study

https://www.hl7.org/documentcenter/public/case-studies/21HL7005%20Emory%20Rimidi%20Ortho%20Case%20Study-Web.pdf


Lesson 3: 
AI’s magic can sparkle, but insiders 
know it’s data work that powers 
the glow.



🖹 DOI: 10.1145/3411764.3445518

https://dl.acm.org/doi/10.1145/3411764.3445518


Paradoxically, data is the most under-valued and 
de-glamorised aspect of AI… 

An overall lack of recognition for the 
invisible, arduous, and taken-for-granted data 

work in AI led to poor data practices, resulting 
in the data cascades (compounding events causing 

negative, downstream effects).

🖹 DOI: 10.1145/3411764.3445518

https://dl.acm.org/doi/10.1145/3411764.3445518


🖹 PMID: 30944914

http://www.ncbi.nlm.nih.gov/pubmed/30944914


We quantitatively demonstrated the 
positive impact of standardizing 

multi-site laboratory data to LOINC 
prior to use in predictive models.

🖹 PMID: 30944914

http://www.ncbi.nlm.nih.gov/pubmed/30944914


Fixed with FHIR



 Geekwire coverage of White House Pledge

Cloud providers ♥ FHIR 

Big tech vendors were 
early voluntary adopters 
and now all have FHIR in 
their health data solutions

https://www.geekwire.com/2019/microsoft-amazon-tech-giants-forge-ahead-healthcare-data-sharing-pledge/


 Microsoft Fabric ♥ FHIR

https://www.hl7.org/documentcenter/public/case-studies/21HL7005%20Emory%20Rimidi%20Ortho%20Case%20Study-Web.pdf


 Microsoft Fabric ♥ FHIR

https://www.hl7.org/documentcenter/public/case-studies/21HL7005%20Emory%20Rimidi%20Ortho%20Case%20Study-Web.pdf


Open data standards: 
Fuel for innovation



Open APIs 
An idea whose time has come.

After 35 years of developing the standards that powered half 
of all healthcare data around the globe, HL7 reimagined data 
sharing the way other industries had successfully done.



Not-for-profit (501c6) 

Standards Development Organization  

Founded in 1987 

ANSI-accredited 

Globally trusted

Organizational Profile

Product Families



🌐 http://hl7.org/fhir

FHIR: the Web for health data

Fast Healthcare Interoperability Resources (FHIR) 

A transformative open API specification and data model for 
health information. 

Now a decade+ old and a global phenomenon and public good

http://hl7.org/fhir


Why FHIR is special
Implementation focus 

Foundation in modern web standards and API exchange 

Open license - literally, public domain  

Innovations in consensus-building and standards development 

But, the biggest reason is that FHIR is also…



Why FHIR is special
Implementation focus 

Foundation in modern web standards and API exchange 

Open license - literally, public domain  

Innovations in consensus-building and standards development 

But, the biggest reason is that FHIR is also…

A vibrant, open, collaborative, respectful, 
and well-orchestrated community



Propelled by an Active Community Worldwide



 Alliance of Community Health Plans (J Skapik)

 America's Health Insurance Plans (L James)

 American College of Physicians (C Jaffe)

 American Dental Association (R Fiehn)

 American Health Information Management Association (V Nguyen)

 American Hospital Association (open)

 American Medical Association (C Jaffe)

 American Medical Informatics Association (C Jaffe)

 American Society for Testing Materials (open)

 Council for Affordable Quality Healthcare (V Nguyen)

 CEN/TC 251 (E Hammond)

 Civitas Networks for Health (C Jaffe)

 Clinical Data Interchange Standards Consortium (open)

 Coalition for Health AI (C Jaffe)

 College of Health Information Management Executives (C Jaffe)

 Designated Standards Maintenance Committee (A Goss)

 Digital Imaging and Communication In Medicine (B Bialecki)

 GS1 (N Piper)

 Global Consortium for eHealth Interoperability (D Vreeman)

 Healthcare Information and Management Systems Society (V Nguyen)

 IEEE (E Hammond)

 Integrating the Healthcare Enterprise International, Inc (D Vreeman)

🌐 Interamerican Development Bank (D Kaminker)

🌐 International Conference on Harmonisation (open)

 International Medical Informatics Association (E Hammond)

 International Organization for Standardization (multiple)

 Joint Initiative Council (D Vreeman)

 National Council for Prescription Drug Programs (F McKinney)

 Object Management Group (K. Rubin)

🌐 Observational Health Data Sciences and Informatics (E Hammond)

 Open Concept Lab, LLC (D Vreeman)

 OpenMRS, Inc. (D Vreeman)

 Pharmaceutical Users Software Exchange (P Guerra)

 Regenstrief Institute, Inc. (D Vreeman)

 The Sequoia Project (A Truscott)

 SHIELD (J Skapik)

 SNOMED International (A Truscott)

 TransCelerate BioPharma, Inc (C Jaffe)

 UDAP.org (D Pyke)

🏴 U.S. Department of Veterans Affairs (K Rubin)

🏴 U.S. Food and Drug Administration (C Jaffe)

🏴 U.S. Office of the National Coordinator for Health IT (C Jaffe, D Vreeman)

 Web3D Consortium (E Hammond)

 Workgroup for Electronic Data Interchange (C Jaffe)

🌐 World Health Organization (D Vreeman)

 X12 (J Keegan)

HL7 International Liaisons to (45) other organizations

http://UDAP.org


🌐 The Four Freedoms 

🌐 What is Free Software?

Freedom to: 

1. Run the program, for any purpose 
2. Study how the program works, and change it so it does 

your computing as you wish 
3. Redistribute copies 
4. Distribute copies of your modified versions, giving the 

community opportunity to benefit from your changes

A Software “Bill of Rights”

https://ma.tt/2014/01/four-freedoms/
https://www.gnu.org/philosophy/free-sw.html


This notion of free is not about price. 

It is about the freedom to create.



Freedom to 

Harness global interoperability wisdom 

Implement, inspect, and improve the 
specification 

Redistribute refinements, helping others



  Let’s dive a little deeper



The FHIR spec contains 
157 modular data models 
called Resources. 

Each defines  
exchangeable content. 

As a base platform 
standard, FHIR supports 
many use cases. 

Implementer focus: 
Will 80% of systems implement this element? 

 http://hl7.org/fhir

80/20 Rule

http://hl7.org/fhir/


Meet Esperanza Córdova
Ms. Córdova is not feeling well 
(fever, body aches, congestion, coughing). 

Ugh. 

So, she arranges a visit with 
her primary care provider 
(Alleen Anderson, MD). 



Patient
Individual receiving 
health services 



Patient
Individual receiving 
health services 



Patient
Ms. Esperanza Córdova is 
a married female who 
prefers to communicate in 
Spanish
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Encounter
An interaction during 
which services are 
provided for a patient 
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Encounter
Ms. Córdova sees Dr. 
Anderson for an 
ambulatory visit about her 
symptoms.
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Observation
Because of her symptoms, 
Ms. Córdova has a NAAT 
for SARS-CoV-2



Observation
Because of her symptoms, 
Ms. Córdova has a NAAT 
for SARS-CoV-2



RESTful API
Defines common 
interactions (read, update, 
search, etc) performed on 
a repository of typed 
Resources 

https://hl7.org/fhir/http.html


API Examples:
Return SARS-CoV-2 RNA NAAT 
Observation for my patient

 GET {base}/Observation?patient=62928&code=94309-2

 GET {base}/Patient?_has:Observation:patient:code=94309-2

Return any Patients with a SARS-
CoV-2 RNA NAAT Observation

https://hl7.org/fhir/http.html


  FHIR Feature: Flexibility + Adaptation

Health data is inevitably complex; the long tail. 

As a platform standard, FHIR’s solution: specific 
techniques for extending and constraining via profiles.

50

https://en.wikipedia.org/wiki/Long_tail


  FHIR Feature: Flexibility + Adaptation

Health data is inevitably complex; the long tail. 

As a platform standard, FHIR’s solution: specific 
techniques for extending and constraining via profiles.

50

 FHIR Lingo: Implementation Guide (IG) 
A specification for how FHIR resources (and APIs) are used for a particular 
interoperability problem, including computable structures (called profiles) 
representing the adaptations of the base FHIR standard for that use case.

https://en.wikipedia.org/wiki/Long_tail


Profile

The FHIR specification is 
designed to be both 
extended and constrained 
for specific purposes

[Observation]

https://hl7.org/fhir/http.html


Profile

The FHIR specification is 
designed to be both 
extended and constrained 
for specific purposes

[Observation]

https://hl7.org/fhir/http.html


• ONC Cures Act Rule (2020) 

• CMS Interop and Patient Access 
Final Rule (2020) 

• ONC HTI-1 Final Rule (2023) 

• CMS Interop and Prior 
Authorization Final Rule (2024) 

• Common Agreement 2.0 (2024) 

Notice of Proposed Rule Making… 
• ONC HTI-2 (2024)

Building a 
foundation for 
FHIR-based 
exchange in the 
United States



Allergies and Intolerances 

U.S. Core Data for Interoperability (V2)

Substance (medication)

Substance (drug class)

Reaction

Assessment and Plan 

Assessment and Plan of Treatment
SDOH Assessment

Care Team Members 
Name
Identifier
Role
Location
Telecom

Clinical Notes 

Consult Note

Discharge Summary

History and Physical

Procedure Note
Progress Note

Clinical Tests 
Clinical Test

Clinical Test Result

Diagnostic Imaging 

Diagnostic Imaging Test

Diagnostic Imaging Report

Encounter Information 
Type
Diagnosis
Time
Location
Disposition

Goals 

Patient Goals

SDOH Goals

Health Concerns 

Health Concerns

Immunizations 

Immunizations

Vital Signs 
Diastolic Blood Pressure

Systolic Blood Pressure

Body Height

Body Weight

Heart Rate

Respiratory Rate

Body Temperature

Pulse Oximetry
Inhaled O2 Concentration
…

Lab Tests 
Lab Test

Lab Test Result

Medications 

Medications

Patient Demographics 

Name
Sex (assigned at birth)

Sexual Orientation

Gender Identity

Race

Ethnicy
Preferred Language
…

Smoking Status 

Smoking Status

Problems 

Problems
SDOH Problems/Concerns
Date of Diagnosis
Date of Resolution

Procedures 

Procedures

SDOH Problems/Concerns

Provenance 

Author Time Stamp

Author Organization

https://www.healthit.gov/isa/united-states-core-data-interoperability-uscdi


Advancing FHIR U.S. Core to meet industry needs



FHIR US Core  
Version 7.0 Now Published! 

✨

🔥 FHIR U.S. Core Implementation Guide Version 7.0

Corresponds to USCDI V4

https://hl7.org/fhir/us/core/
https://hl7.org/fhir/us/core/
https://hl7.org/fhir/us/core/
https://hl7.org/fhir/us/core/


Required API Standards from HL7

Patient Access 
API

Provider 
Access API

Provider 
Directory API

Payer-to-
Payer APi

Prior Auth API

FHIR Release 4.0.1     

HL7 FHIR US Core IG STU 3.1.1     

HL7 SMART App Launch Framework IG 1.0.0   

HL7 FHIR Bulk Data Access IG v 1.0.0 STU 1  

Recommended IGs from HL7

CARIN for Blue Button IG Version STU 2.0.0   

FHIR SMART App Launch IG Release 2.0.0  

Da Vinci PDex IG Version STU 2.0.0   

Da Vinci PDex U.S. Drug Formulary IG Version STU 2.0.1 

Da Vinci PDex Plan Net IG Version STU 1.1.0 

Da Vinci Coverage Requirements Discovery (CRD) IG Version STU 2.0.1 

Da Vinci Documentation Templates/Rules (DTR) IG Version STU 2.0.0 

Da Vinci Prior Authorization Support (PAS) IG Version STU 2.0.1 

CMS Interoperability and Prior 
Authorization Final Rule CMS-0057-F

https://www.cms.gov/priorities/key-initiatives/burden-reduction/interoperability/cms-interoperability


Growing the FHIR-enabled digital foundation



Fixed with FHIR



 MCG:Regence:Multicare Connected Care FHIR Case Study

https://www.hl7.org/documentcenter/public/case-studies/22-HL7-008%20Regence%20MCG%20MultiCare%20Case%20Study_fin.pdf


  

The extended FHIR family unlocks a massive world of opportunity
SMART on FHIR | Bulk FHIR | CQL | CDS Hooks



SMART on FHIR

🌐 HL7 FHIR SMART App Launch

Plug-and-play apps for seamless 
interoperability.

Dev friendly, OAuth 2.0-based

Patterns for user-facing apps and 
backend services

Capabilities for limiting access to 
certain data via scopes

Required in certified Health IT systems 
by federal regulations (e.g. HTI-1)

Highlight Reel 

https://www.hl7.org/fhir/smart-app-launch/


 Epic Showroom SMART App Gallery

A Blooming App Ecosystem 

 Oracle Healthcare Marketplace

https://showroom.epic.com/Search?q=FHIR&t=Products+&+Services
https://apps.smarthealthit.org/apps/featured
https://cloudmarketplace.oracle.com/marketplace/en_US/productHomePage


Bulk FHIR

🌐 HL7 FHIR Bulk Data Access IG

Efficient access to large data sets on 
groups of individuals

Uses FHIR asynchronous (single) 
request pattern

Produces FHIR in compact NDJSON

Uses system:system SMART backend 
services for security

Required in certified Health IT systems 
by federal regulations (e.g. HTI-1)

Highlight Reel 

https://hl7.org/fhir/uv/bulkdata/


CQL

🌐 HL7 CQL Specification

Clinical quality language: standardized clinical 
logic for decision support and quality measures

Same logic can be deployed across 
multiple FHIR-based systems, 
enhancing efficiency and consistency

Enables clinicians and developers to 
clearly define clinical criteria and 
decision logic

Works hand-in-hand with FHIR

The language used to evaluate eCQMs 
in CMS quality programs

Highlight Reel 

https://cql.hl7.org/
https://www.hl7.org/fhir/uv/cql/


CDS Hooks

🌐 HL7 CDS Hooks specification

Standardized integration with remote decision 
support services within a clinician’s workflow

Synchronous, workflow-triggered CDS 
calls returning information, 
suggestions, or App launch

Works perfect with FHIR as patient 
data

“Hooks” for things like “opening a 
patient’s record”, “placing an order”

Proposed in draft HTI-2 regulation

Highlight Reel 

https://cds-hooks.org/#how-it-works


Support for CDS Hooks is Growing



Semantically interoperable health data at scale 

⛟ Simple export of big FHIR data (e.g. for model training)
Bulk

Workflow-integrated interaction with CDS (including AI)
CDS Hooks

 Standardized clinical knowledge and metrics
CQL

 Standard integration for apps interacting with FHIR data
SMART App 

Launch

Cheat Codes for AI Innovation in Health

https://hl7.org/fhir
https://hl7.org/fhir
https://hl7.org/fhir
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Endless Possibilities



  

5 Key Resources for Implementers
Connect | Discover | Build on | Test | Learn



  chat.fhir.org🔒 

Connect: join the FHIR community online

https://registry.fhir.org
http://chat.fhir.org


  registry.fhir.org🔒 

Discover: find FHIR specifications

http://registry.fhir.org
https://registry.fhir.org


  foundry.hl7.org🔒 

Build on: use open source reference implementations

https://foundry.hl7.org/


  foundry.hl7.org🔒 

Discover  
Find projects by 
technology, role, or 
domain 

Test  
Use a known RI 
server (or client) to 
test your code 

Try  
Use a RI client to 
see what this is like 
for the end user 

https://foundry.hl7.org/


  foundry.hl7.org🔒 

https://foundry.hl7.org/


  foundry.hl7.org🔒 

https://foundry.hl7.org/


Build on: many other open source tools

Reference Libraries 
JAVA 

.Net 

Delphi 

R 

Ruby 

Python 

Swift 

PHP 

Dart/Flutter 

Android 

Clojure

 Open Health Stack

Example: Open Health Stack  
FHIR SDK for Android 

Offline-capable, mobile-first FHIR toolkit (including CQL!) allows developers to create applications 
helping community health workers in LMICs. 

FHIR Analytics 

Turn FHIR data into analytics-ready formats for on-prem or cloud processing

https://confluence.hl7.org/display/FHIR/Open+Source+Implementations
https://developers.google.com/open-health-stack


Test: validate your FHIR content



Learn: advance your FHIR expertise

Education 

On Demand 

Virtual training events 

In person training

Credentialing 

Showcase your FHIR 
knowledge 

Helps hirers find qualified 
people

Events 

HL7 Work Group Meetings 

HL7 FHIR Connectathons 

DevDays

🌐 HL7 Training Opportunities: hl7.org/training/

https://www.hl7.org/training/


  Take Home Messages



Why 
Accelerated development 

Find top talent 

Reduce dev costs 

Interoperability + ease of integration 

Regulatory compliance 

Market access and scalability 

Free to focus on innovation

?



Let FHIR be the rocket fuel 
for your health innovations



Educate. Engage. Enable.


