FHIR, RDF and the
Semantic Web

Semantic Representation of Clinical Care and Research in HL7 FHIR

Harold Solbrig

November 14, 2019
(Slides derived from 2018 SWATA4LS Tutorial)



FHIR is defined using FHIR
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Resource StructureDefinition - Content

FHIR Infrastructure (# Work Group Maturity Level: 5 Trial Use Compartments: Not linked to any defined compartments

A definition of a FHIR structure. This resource is used to describe the underlying resources, data types defined in FHIR, and also for describing extensions and constraints on
resources and data types.

Scope and Usage %

The StructureDefinition resource describes a structure - a set of data element definitions, and their associated rules of usage. These structure definitions are used to describe both
the content defined in the FHIR specification itself - Resources, data types, the underlying infrastructural types, and also are used to describe how these structures are used in

implementations. This allows the definitions of the structures to be shared and published through repositories of structure definitions, compared with each other, and used as the
basis for code, report and UI generation.

Note that as part of the specification itself, a full set of structure definitions for all resources and data types is published.

Boundaries and Relationships

e StructureDefinitions are used by CapabilityStatement instances for specifying how resources are used
e StructureDefinitions use Value Sets to specify the content of coded elements

http://www.hl7.org/FHIR/structuredefinition.html

www.hl7.org/FHIR/StructureDefinition/patient/
http://hl7.org/fthir/StructureDefinition/structuredefinition/



http://www.hl7.org/FHIR/structuredefinition.html
http://www.hl7.org/FHIR/StructureDefinition/patient/
http://hl7.org/fhir/StructureDefinition/structuredefinition/

Turtles all the way down....
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... but not all turtles are created equal
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FHIR “turtles” - five six different languages

» StructureDefinition & friends — core model
» Extension — tag/value

» Constraint — FhirPath

» “Slicing” —

* Value Sets

* Terminology Property Language



Some things that FHIR isn’t

A solution to healthcare interoperability
» A standard (yet)

» Resource Oriented Architecture (ROA)

* A tool for representing / standardizing clinical
semantics (CIMI in particular)



FHIR is not a standard (yet)
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Home Getting Started Documentation Resources Profiles Extensions Operations  Terminologies

Home

This is the Continuous Integration Build of FHIR (will be incorrect/inconsistent at times). See the Directory of
published versions

Welcome to FHIR®

FHIR is a standard for health care data exchange, published by HL7®. Note: The continuous build is getting ready for
the first normative ballot. See the ballot introduction for details.




FHIR Normative Ballot

tegorized Alphabetical

R2 Layout By Maturity

By Ballot Status By Committee

Conformance

e CapabilityStatement 3

StructureDefinition 5 @

e ImplementationGuide 1

Terminology
e CodeSystem 5 |E
e ValueSet 5[N]
e ConceptMap 3 E

Security

e Provenance 3
e AuditEvent 3

e Consent 1

Documents
e Composition 2
e DocumentManifest 2

e DocumentReference 3

g e ExpansionProfile 2 e EntryDefinition 0 e Linkage 0
s SearchParameter 3 e NamingSystem 1 e MessageHeader 4
E * MessageDefinition 1 e TerminologyCapabilities 0 e OperationOutcome 5 [N]
© e OperationDefinition 4 IE‘ e Parameters 5 @

e CompartmentDefinition 1 e Subscription 3

* StructureMap 2 e UserSession 0

e GraphDefinition 0

e ExampleScenario 0

<~
Individuals Entities Workflow Management

e Patient 5 E / e Organization 3 e Task 2 e Encounter 2

e Practitioner 3 e OrganizationRole 0 e Appointment 3 e EpisodeOfCare 2

e PractitionerRole 2 e HealthcareService 2 e AppointmentResponse 3 e Flag 1

e RelatedPerson 2 e Endpoint 2 e Schedule 3 o List 1
% e Person 2 Location 3 e Slot 3 e Library 2
0

e Group 1

-

Substance 2
BiologicallyDerivedProduct O
Device 2

DeviceComponent 1

e DeviceMetric 1

e ProcessRequest 2

® ProcessResponse 2

e

Summary

e AllergylIntolerance 3

\D‘Iagiostics

¢ Observation 5 IEl

Medications

e MedicationRequest 3

Care Provision

e CarePlan 2

Request & Response

Communication 2




FHIR is not Resource-Oriented Architecture
That's the Resource-Oriented Architecture. It's just four

concepts:
1. Resources
1. Their names (URIs)
1. Their representations
1. The links between them

RESTful Web Services
W WN  26reviews

1 .“\"
- A’J
7 3
S 08 S
. WY

by Sam Ruby, Leonard Richardson

M
’ RES—-[‘fUI Publisher: O'Reilly Media, Inc.

: Web Services Release Date: May 2007
ISBN: 9780596529260

Topics: Java

View table of contents

and four properties:
1. Addressability
2. Statelessness
3. Connectedness
4. A uniform interface

“A web service is connected to the extent that
you can put the service in different states just
by following links and filling out forms”

v
v
X
v
4
v

http://my.safari ksonline.com/9780596529260/restclients


http://my.safaribooksonline.com/9780596529260/restclients

FHIR i1s not the solution to
clinical semantics

Why FHIR is better

FHIR offers many improvements over existing standards:

e A strong focus on implementation - fast and easy to implement (multiple developers have had simple interfaces working in a
single day)

e Multiple implementation libraries, many examples available to kick-start development

e Specification is free for use with no restrictions

e Interoperability out-of-the-box- base resources can be used as is, but can also be adapted for local requirements
e Evolutionary development path from HL7 Version 2 and CDA - standards can co-exist and leverage each other

¢ Strong foundation in Web standards- XML, JSON, HTTP, OAuth, etc.

e Support for RESTful architectures, seamless exchange of information using messages or documents, and service based
architectures

e Concise and easily understood specifications

e A human-readable serialization format for ease of use by developers

¢ Solid ontology-based analysis with a rigorous formal mapping for correctness |f the Only tOOl yOU have
IS @ hammer you tend to
see every problem as a nalil

- Abraham Maslow

FHIR is focused in implementors.

e Communities can use FHIR to develop specifications
for how clinical information is represented.

* FHIR does not provide tooling for representing the
meaning of said information

 FHIR’s target audience is NOT clinicians (!)




Part 2

The Resource Description
Framework (RDF)

e Triples, URI’'s and BNodes

* RDF Catalogs



Resource Description Framework (RDF

€) © B hitps:fjweww3.org/2001/swjwiki/ROF B ¢ @sesrcn "B 9+ A 4B« PO -0 80

e “Standard model for data T

." Page Discussion Reac View source View history |Scarch
RDF

interchange on the Web.” .

Main P
R::_‘,a:‘sm « Publication date: 2014-02-25 (with a previous version published at: 2004-02-10)
5T Overview « Created by: RDF Working Group &

Books « List of documents at: hitp:/www.w3.org/standardsitechsirdf 2

RDF is a standard model for data interchange on the Web. RDF has
‘ ‘ [ (] [} Vaidators i X
fealures thal facilitate data merging even if the underlying schemas differ,
. . ‘ I I I e S I l I I l e I I I l v Other WG resources and it specifically supports the evolution of schemas over time without requiring all the data consumers to be changed.
Activity news
Publications RDF extends the linking structure of the Web to use URIs to name the relationship between things as well as the two ends of the link (this is usually referred to
Logos, buttons as a “triple”). Using this simple mode/, it allows structured and semi-structured data to be mixed, exposed, and shared across different applications.

Activity home
Y pege This linking structure forms a directed, labeled graph, where the edges represent the named link between two resources, represented by the graph nodes. This

[ J [ ]
» WaC RSS feeds graph view is the easiest possible mental model for RDF and is often used in easy-to-understand visual explanations.
» Navigaton Recommended Reading
» Tools The RDF 1.1 snecification eonsists of a suite of W3C Recommendations 42 and Workina Groun Nates. published in 2014. This suite also includes an RDF
I [ ]

» URI based Imkmg structure https://www.w3.0rg/2001/sw/wiki/RDF

in the form of a directed,
labeled graph.



RDF - Informal Graph Model

<Bob> <is a> <person>.

<Bob> <is a friend of> <Alice>. auos
<Bob> <is born on> <the 4th of July 1990>. @
<Bob> <is interested in> <the Mona Lisa>.

Leonardo Da Vinci

»
)

<Leonardo da Vinci> <is the creator of> <the Mona Lisa>.
<The video 'La Joconde & Washington'> <is about> <the Mona Lisa>

is interested in

po

& The Mona Lisa
(o)
Oﬁ
O

Person 14 July 1990
-y La Joconde a Washington

Fig. 1 Informal graph of the sample triples

https://www.w3.org/TR/rdf11-primer/




RDF Components

URI (IRI)

e <Bob>: http://corporation.org/employee#BobGleeson Alice Leonardo Da Vinci
e <is a>: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type
e <is born on>: http://schema.org/birthDate

e <Person>: http://xmlns.com/foaf/1.0/Person

Literal

 String - “Bob”

>

o String + Language - “avalanche” @en

o Typed Strlng - “1990-07-14""xsd:date Person 14 July 1990

La Joconde a Washington

“42"Mxsd:integer


http://corporation.org/employee%23BobGleeson
http://www.w3.org/1999/02/22-rdf-syntax-ns%23type
http://schema.org/birthDate
http://xmlns.com/foaf/1.0/Person

RDF Triples

Subject Predicate Object
o Subject: URI or Blank Node

e Predicate: URI
« Object: URI or Literal or Blank Node

Subject (URI):
http://corporation.org/employee#BobGleeson
Predicate (URI):

Object (URI):
http://xmlins.com/foaf/1.0/Person



http://corporation.org/employee%23BobGleeson
http://corporation.org/employee%23BobGleeson
http://www.w3.org/1999/02/22-rdf-syntax-ns%23type
http://www.w3.org/1999/02/22-rdf-syntax-ns%23type
http://xmlns.com/foaf/1.0/Person
http://xmlns.com/foaf/1.0/Person
http://xmlns.com/foaf/1.0/Person

RDF Triples

Subject Predicate Object
Subject (URI):
http://corporation.org/employee#BobGleeson
Predicate (URI):
http://schema.org/birthDate

Object (Literal):

“1990-07-04"<http://www.w3.org/2001/
XMLSchema#date>



http://corporation.org/employee%23BobGleeson
http://corporation.org/employee%23BobGleeson
http://schema.org/birthDate

RDF Triples - Blank Nodes (BNodes)

e Blank - unnamed
« NOT a URI

e “The last house on the hill”
e “The person who hit me”

e “An item in the background
of the painting, ‘The Mona
Lisa'”

The Mona Lisa

background
includes




RDF Triples - Blank Nodes (BNodes)

Subject (URI):
http://dbpedia.org/resource/Mona Lisa The Mona Lisa

Predicate (URI): background
includes

http://purl.org/net/lioffshows
Object (BNode):
_:abc17

Subject (BNode):

is a

_:abc17

Predicate (URI):
http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type
Object (URI):

http://dbpedia.org/resource/Cypress

>

cypress
tree


http://dbpedia.org/resource/Mona_Lisa
http://purl.org/net/lio%23shows
http://purl.org/net/lio%23shows
http://www.w3.org/1999/02/22-rdf-syntax-ns%23type
http://www.w3.org/1999/02/22-rdf-syntax-ns%23type
http://dbpedia.org/resource/Cypress

RDF Turtle Notation
e Terse RDF Triple Language”

e One of several possible

formats for representing RDF

e Others include:
« RDF XML
o RDF Ntriples
e JSON-LD

NTriples

<http://corporation.org/employee>
<http://schema.org/birthDate>
"1990-07-04"AM<http://www.w3.0rg/2001/XMLSchema#date> .

RDF XML

<?xml version="1.0" encoding="UTF-8"7>

<rdf:RDF
xmlns:nsl="http://schema.org/"
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-nsi#"

>
<rdf:Description rdf:about="http://corporation.org/employee">
<nsl:birthDate rdf:datatype="http://ww.w3.0rg/2001/XMLSchema#date">1990-07-04

</nsl:birthDate>
</rdf:Description>
</rdf :RDF>

JSON-LD

L

{
"@id": "http://corporation.org/employee",

"http://schema.org/birthDate": [

{
"@type": "http://www.w3.0rg/2001/XMLSchema#date",

"@value": "1990-07-04"




RDF Turtle Notation

Notation Equivalent
subject predicate object . subject predicate object .
subject predicate1 object1; < subject predicatel object1l .

sieifieaieil aliecid - subject predicate2 object?2 .

predicateN objectN subject predicateN objectN .
subject predicate object1 .

subject predicate objectl, < subject predicate object2 .
object2,

subject predicate objectN .
objectN .



RDF Turtle Notation - Prefixes

@prefix ex: <http://example.org/some/really/long/path#> .
@prefix fthir: <http://hl7.org/fhir/> .
@prefix rdf: <http: ol (0] in NSH> .

@prefix : <http://example.org/some/really/long/path#> .

ex:Jim rdf:type fhir:Patient .

Jim a fhir:Patient .



http://example.org/some/really/long/path
http://hl7.org/fhir/
http://www.w3.org/1999/02/22-rdf-syntax-ns
http://example.org/some/really/long/path
http://example.org/some/really/long/path%23Jim
http://www.w3.org/1999/02/22-rdf-syntax-ns%23type
http://www.w3.org/1999/02/22-rdf-syntax-ns%23type
http://www.w3.org/1999/02/22-rdf-syntax-ns%23type
http://hl7.org/fhir/Patient

RDF Turtle Notation -

subject predicatel |
predicate2 object2 ;
predicate3 object 3

].

subject predicate4 |

predicate5 “abc” ] .

Blank Nodes

subject predicatel :al.
_:al predicate2 object2 ;
predicate3 object3.

Subject prediate4 :b1l.
_:b1 predicate5 “abc” .



RDF - The Good News

Minimal Structure

e No rules

« Anyone can say anything anywhere (AAA)

2 ¥ Data Types

o IRI

o Literal
« More like a “data type” - second language embedded

within
o “text”"~<URI for type>.
o “text” @<language> .
o Blank Node
« NO Identity (!)



RDF - The Bad News

Minimal Structure

e No rules

« Anyone can say Anything Anywhere
)

URI's

e Anyone can create them

o RDF is strictly a syntax until agreement can
be reached on the use and meaning of

IRI’s



Outline
(continued)

The Resource Description
Framework (RDF)

e Triples, URI's and BNodes

e RDF Catalogs



(some) RDF Catalogs

Resource Description Format - rdf:type, rdf:Resource
RDF Schema - rdfs:domain, rdfs:range, rdfs:subClassOf
Web Object Language (OWL) -

owl:Restriction, owl:someValueFrom

Dublin Core (dc, dcterms)

Simple Knowledge Organization System (skos)

Friend of a Friend (foaf)

dbPedia

schema.org


http://schema.org

How do it know?
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All Shopping Images News Maps More Settings Tools

About 383,000,000 results (0.44 seconds)

The Official Cartier Website | Shop Cartier Men's Watches | cartier.com Shop on GoogleSponsored
www.cartier.com/Watches/Men v

%% %% Rating for cartier.com: 4.8

Sophisticated Designs & Innovation. Shop Cartier Men's Watches at Cartier.com. Shop Online.
Complimentary Shipping. Contact Us. Locate a Boutique. Types: Bracelets, Rings, Necklaces,
Watches, Leather Goods, Fragrances.

Men's MVMT™ Watches | Free Shipping & Returns | mvmtwatches.com

www.mvmtwatches.com/official-site/mens-watches v Jaeger-LeCoult...  All Wood Watch

Shop Our Best Men's Watches Starting at $95. Free Shipping & Returns Worldwide! Join the MVMT. - Geophysic ... Zebrawood ...

Men's Watches - Shop MVMT Watches Online - Sh: ‘maram - MVMT E-Gift Card - Chrono Series $15,700.00 $139.00
mrporter.com Tree Hut Design
Free shipping kKA (1k+)

FOSSIL® Men's Watches | Check Out the New Desig . "fassil.com
www.fossil.com/Men/Watches v - l
%% %% Rating for fossil.com: 4.5 - 8,220 reviews et

Create an Exquisite Style with Timeless & Elegant Men's Watches. Order Today. Timeless Desig: ]

Shinola® Detroit Men's Watches | Shinola.com =.
www.shinola.com/Mens/Watches v -

Quality Timepieces Hand Assembled In Detroit. Shop Shinola Today! All Watches Ship Free. Detroit Citizen Men's MVMT Men's

Built. Swiss & Imported Parts. Types: The Runwell, The Runwell Sport Chrono, The Canfield. Chronograph ... Watches | ...

Men's Leather - Shop Father's Day Gifts - Men's Watch Collection - The Shinola Guarantee $103.99 $135.00
Macy's MVMT

' ® Special offer * kK (2k+)
Mens Watches - Macy's

httne:/hananat marmie rnmichanl/liawnalniwatrhac/mancowatrhoae?id=R720A vw m —



What you see...

& C ® & https://www.mrporter.com/en-us/mens/jaeger_lecot Bl e @ %  Q Search [\ @ ® D
FREE STANDARD DELIVERY AVAILABLE ON ALL ORDERS SHOP FOR HER

MR PORTER o Q& B @

SALE WHAT'S NEW DESIGNERS CLOTHING SHOES ACCESSORIES WATCHES SPORT GROOMING EDITORIAL

I &

JAEGER-LECOULTRE

Geophysic Universal Time 41mm Stainless Steel Watch
$15,700

EDITORS' NOTES -

Swiss-engineered with a True Second® system and Gyrolab® balance
wheel developed in Jaeger-LeCoultre's Le Sentier workshop, this
'Geophysic® Universal Time' watch is calibrated for accuracy and reliability
across all 24 timezones. Housed in sleek polished stainless steel, the
lacquered sunray dial depicts an intricate map of the world encircled with
the names of major cities. It'll prove a thoughtful gift for globetrotters and
business travellers alike.

We offer a five-year warranty for all working parts and manufacturing
faults for luxury watches. Call our Customer Care team for more

information.

Need more advice? Read the Luxury Watch Guide.

SIZE & FIT +



What the search engine
sees

</nav>

<div id="wrap-content">
<main id="main'>

<div id="content" class="clearfix"><div id="product-page'><div><section
class="product-page'><noscript></noscript><section class="product-details js—-product-details"
itemtype="//schema.org/Product"F<span class="product-details__badge'"></span><hl><a href="/en-us/mens/
designers/Jaeger_LeCoultre" class="product-details__designer—1ink" title="View all Jaeger-LeCoultre'><span
class="product-details__designer" itemprop="brand"><span>Jaeger-LeCoultre</span></span></a><span
class="product-details__name" itemprop='"name"><span>Geophysic Universal Time 41mm Stainless Steel
Watch</span></span></hl><span class="product—-details—-price undefined" itemprop="offers"
itemtype="//schema.org/Offer”F<noscript></noscript><span class="product-details__price price-sale"
itemprop="priceSpecification" itemscope itemtype="http://schema.0rg/PriceSpecification"£<span
class="price-sale" itemprop="priceCurrency" content="USD"></span><span class="product-details__price——value
price-sale" itemprop="price"
content="15700">$15, 700</span><noscript></noscript><noscript></noscript></span></span></section><section
class="product—gallery'><div class="product-fullscreen'><div class="product-fullscreen__carousel'><div

c 1"



schema.org
RDF Catalog

Resourcelist - FHIR v3.0.1 X | SMART on FHIR Pl B3 Schemas - schema.org X

<> C @ ® & https://schema.org/docs/schemas.html| Bl e @ v | Q Search 1\ @ O] 0

schema.org aQ

Home Schemas Documentation

Organization of Schemas

The schemas are a set of 'types’, each associated with a set of properties. The types are arranged in a hierarchy.
The core vocabulary currently consists of 597 Types, 875 Properties, and 114 Enumeration values.

Browse the full hierarchy:

e One page per type
e Full list of types, shown on one page

Or you can jump directly to a commonly used type:

e Creative works: CreativeWork, Book, Movie, MusicRecording, Recipe, TVSeries ...
e Embedded non-text objects: AudioObject, ImageObject, VideoObject

e Event
e Health and medical types: notes on the health and medical types under MedicalEntity.

* Organization

* Person

e Place, LocalBusiness, Restaurant ...
e Product, Offer, AggregateOffer

e Review, AggregateRating

* Action



http://schema.org

How do it know?

asthma symptoms Q

All Images Videos News Books More Settings Tools

About 94,800,000 results (3.08 seconds)

Asthma Signs & Symptoms - Living With Asthma

www.asthma.com/ v

Help Manage Your Asthma Symptoms And Learn More About Asthma Control Today. Asthma
triggers. Download discussion guide. Additional resources. Download e-guide. See FAQs.

ASTHMA CONTROL TEST™
Test Your Level Of Asthma Control

& Learn More About Your Symptoms.

Asthma Symptoms
Learn More About The Symptoms Of

Asthma & How To Help Control Them.

What Is Asthma? - Discover Si
Prescription treatment website v

Asthma Is A Chronic Disease Of The Lung Airways.
Print discussion guide. Patient site. Patient resources. See s
Asthma Control Test - Asthma & FAQs - How To Use - Talk To Your

nd Symptoms

bout Triggers. See your test score.

Asthma Attack Symptoms & Early Signs of Asthma - WebMD
https://lwww.webmd.com/asthma/guide/asthma-symptoms v

Jul 21, 2016 - Common asthma symptoms include: Coughing, especially at night. Wheezing.
Shortness of breath. Chest tightness, pain, or pressure.

Asthma Attack Symptoms - Unusual Symptoms of Asthma - Symptoms & Types

People also ask

What are the early symptoms of asthma?

it O @

Asthma <

Also called: bronchial asthma

ABOUT SYMPTOMS TREATMENTS

Requires a medical diagnosis

Asthma may cause difficulty breathing, chest pain, cough,
and wheezing. The symptoms may sometimes flare-up.

People may experience:
Cough: can occur at night, during exercise, can be
chronic, dry, with phlegm, mild, or severe

Respiratory: difficulty breathing, wheezing, breathing
through the mouth, fast breathing, frequent respiratory
infections, rapid breathing, or shortness of breath at night

Also common: chest pressure, flare, anxiety, early
awakening, fast heart rate, or throat irritation

Consult a doctor for medical advice

Sources: Mayo Clinic and others. Learn more
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What you see

® & https://www.mayoclinic.org/diseases-conditions/asthma/sympt

MAYO
CLINIC

Y

Patient Care & Health Information » Diseases & Conditions

Asthma

B | e v | | Q Search v o &
u n 'o'a Request an Appointment 0 Log in to Patient Account
Q Find a Doctor : ,
(1 Tube} Find a Job 9 English v
Give Now

Symptoms & causes Diagnosis & treatment Doctors & departments

Overview

Asthma is a condition in which your airways narrow and
swell and produce extra mucus. This can make
breathing difficult and trigger coughing, wheezing and
shortness of breath.

For some people, asthma is a minor nuisance. For
others, it can be a major problem that interferes with
daily activities and may lead to a life-threatening asthma
attack.

Asthma can't be cured, but its symptoms can be
controlled. Because asthma often changes over time,

Asthma attack

Request an Appointment

Care at Mayo Clinic

E] Print

i

Advertisement

Mayo Clinic does not endorse companies or
products. Advertising revenue supports our not-
for-profit mission.

Advertising & Sponsorship
Policy | Opportunities | Ad Choices

Mayo Clinic Marketplace

Check out these best-sellers and special offers
on books and newsletters from Mayo Clinic.

The Last Diet You'll Ever Need
Mayo Clinic on Healthy Aging

A New Perspective on Alzheimer's

@



What the search engine
sees

<meE€ta property=0g.: 1mage content=nctep://www.mdyoCLinicC.org/—/meala/s/wen/ubd/dNndreas 1magesy/ >o0Cl1ld wiealia—ie€taaata/
MC_OpenGraph_600x315. jpg" />

<link rel="alternate" href="https://www.mayoclinic.org/diseases—conditions/asthma/symptoms—causes/syc-20369653" hreflang="en"/>
<link rel="alternate" href="https://www.mayoclinic.org/es—es/diseases—conditions/asthma/symptoms—causes/syc-20369653" hreflang="es"/>
<link rel="alternate" href="https://www.mayoclinic.org/ar/diseases—conditions/asthma/symptoms—causes/syc-20369653" hreflang="ar"/>
<link rel="canonical" href="https://www.mayoclinic.org/diseases—conditions/asthma/symptoms—causes/syc-20369653"/>
<meta name="PublishDate" content="2018-03-09" />
<script type="application/ld+json">{"@context": "http://schema.org", "@type": "WebPage","name": "Asthma — Symptoms and causes - Mayo
Clinic" ,"datePublished": '"2018-03-09", "url": "https://www.mayoclinic.org/diseases-conditions/asthma/symptoms—causes/syc-20369653"}</
script>

<!—[if 1t IE 9]>
<script src="//html5shim.googlecode.com/svn/trunk/html5. js"></script>
<![endif]-—

clink rel=""ctvlecheet" tuvne='tevt/rcc" href="/ctulec/rcc/nhec/mavunrnmhinded 7CFF7RFARNAFCI?RA2QRRAANATC7TAFFARA rcc' />



Healthcare and schema.org

& cd ® ® & https://schema.org/docs/meddocs.html Bl e @ v Q Search oI @ ® D

Custom Searc| Q

Home Schemas Documentation

Documentation for health/medical types

This page describes the health and medical types in the schema.org schema (MedicalEntity and subtypes), useful for content publishers that wish to mark up health
and medical content on the web. Like all schema.org schemas, the health and medical schema is intended to make it easier for people to find the right web pages
by exposing structured information contained in web pages to search engines, and may also enable other applications that make use of the structure.

The scope of entities in this section of the schema is broad, and is intended to cover both consumer- and professionally-targeted health and medical web content;
as a result, any particular piece of content is likely to use only a subset of the schema. The schema is targeted at web use cases and is not designed for clinical
markup or clinical data exchange.

Note as well that this schema is not intended to define or codify a new controlled medical vocabulary, but instead to complement existing vocabularies and
onotologies. As a schema, its focus is on surfacing the existence of and relationships between entities described in content; the specific convention(s) used to name
and/or code entities are outside of the scope of this schema. The schema does provide a way to annotate entities with codes that refer to existing controlled
medical vocabularies (such as MeSH, SNOMED, ICD, RxNorm, UMLS, etc) when they are available. For example, see the sample markup for MedicalScholarlyArticle.

For more details about the schema, and background on how it came to be, read on below. You can find some examples of use of the schema on the following types:

e MedicalCondition (information about a specific medical condition)

e Drug (information about a medical drug)

e MedicalGuideline (a medical guideline)

* MedicalWebPage (a single-topic web page about a health or medical topic)

e MedicalScholarlyArticle (a page with a record, abstract, or full text of a medical scholarly publication).

Background and history:


http://schema.org

Part 3

FHIR, RDF and the Semantic Web
*The FHIR RDF Specification

*\Why RDF and FHIR



FHIR and RDF

First released in STU3
Maturity Level: 2

Ballot status: Trial Use

Components
* FHIR > RDF RDF>FHIR

e StructureDefinition —> Shape
Expressions (ShEx)

e StructureDefinition —> FHIR
Resource Catalog

wB 9 ¥ A 4AH S

D) www.hi7.org/fhir/rdf.html El & Q search

//‘.FHlR' FHIR Release 3 (STU)

Home Getting Started Documentation Resources Profiles Extensions Operations Terminologies

4 Linked Data ~ RDF

Formats XML JSON RDF

Resource Description Framework (RDF) Representation

FHIR Infrastructure (# Work Group Maturity Level: 2 Ballot Status: Trial Use]

This page and the RDF forms are jointly maintained by the HL7 FHIR project and the W3C Semantic Web Health Care and Life Sci
W3C

FHIR resources can be represented as an RDF graph (7 serialised in the Turtle format (Z, or as JSON-LD Z. The RDF format is defined to assist the pr}
operational data exchange and formal knowledge processing systems. While the RDF form offers a fully functional representation of FHIR resources,
characteristics to the JSON and XML representations, and would be implemented for different reasons. Systems focused on operational exchange of
choose to use RDF.

This page describes:

o Representing FHIR resources in Turtle

e The FHIR definitions as Turtle

* How to exchange RDF using the RESTful API
e Experimental JSON-LD format




RDF in FHIR

R4 Examples Available in RDF

Turtle

www.hi7.org/f) www.hl7.org/fhir/observation-examples.html . search wB 9O 3% a4 4|

%‘ F H I R FHIR Release 3 (STU)

Home Getting Started Documentation Resources Profiles

»
| Diagnostics Observation
1 P

Examples

Extensions Operations Terminologies

Content Examples Detailed Descriptions Mappings Profiles & Extensions Operations R2 Conversions

Resource Observation - Examples

Orders and Observations (4 Work Group

Maturity Level: N/A

Ballot Status: Informative Compartments: Device, Encounter,

Example List:

Simple Weight Example

Simple Respiratory Rate Example
Simple Heart Rate Example

Simple Body Temperature Example
Simple Body Height Example
Simple Body Length Example

Simple Head Circumference Example

example
respiratory-rate
heart-rate
body-temperature
body-height
body-length

head-circumference

XML JSON frurtle
XML JSO
XML JSOMHf
XML JSO
XML JSO
XML JSO
XML JSON\Turtle



Comparison JSON and RDF

{

Simple Weight Example
"resourceType": "Observation", JS O N
"id": "example", @prefix fhir: <http://hl7.org/fhir/> .
"text": { @prefix loinc: <http://loinc.org/owl#> .
"status": "generated", @prefix owl: <http://www.w3.0rg/2002/07/owl#> .
"div": "<div xmlns=\"http://www.w3.0rg/1999/xhtml\"><p><b>Generated Narrative with Details</ @prefix rdfs: <http://www.u3.0rg/2000/01/rdf-schemai> .
@prefix sct: <http://snomed.info/id/> .

b></p><p><b>id</b>: example</p><p><b>status</b>: final</p><p><b>catego >: Vital Signs <span> @prefix xsd: <http://www.w3.org/2001/XMLSchema#t> .
(Details : {http://hl7.org/fhir/observation-category code 'vital-signs' = 'Vit igns'
s 'Vital Signs'})</span></p><p><b>code</b>: Body Weight <span>(Details : {LOINC code
'Body weight', given as 'Body Weight'}; {LOINC code '3141-9' = 'Body weight Measured', given as
'Body weight Measured'}; {SNOMED CT code '27113001' = 'Body weight', given as 'Body weight'}; {h

-7' = T € S Ol G e

ttp://h17.org/fhir/0Observation/example> a fhir:0bservation;
fhir:nodeRole fhir:treeRoot;

ttp://acme.org/devices/clinical-codes code 'body-weight' = 'body-weight', given as 'Body Weight' fhir:Resource.id [ fhir:value "example"];
})</span></p><p><b>subject</b>: <a>Patient/example</a></p><p><b>context</b>: <a>Encounter/exampl fhir:DomainResource.text [
e</a></p><p><b>effective</b>: 28/03/2016</p><p><b>value</b>: 185 1lbs<span> (Details: UCUM code [ fhir:Narrative.status [ fhir:value "generated" J;

fhir:Narrative.div "<div xmlns=\"http://www.w3.0rg/1999/xhtml\"><p><b>Generated Narrative w
ith Details</b></p><p><b>id</b>: example</p><p><b>status</b>: final</p><p><b>category</b>: Vital
b Signs <span>(Details : {http://hl7.org/fhir/observation-category code 'vital-signs' = 'Vital Sig
"status": "final' ns', given as 'Vital Signs'})</span></p><p><b>code</b>: Body Weight <span>(Details : {LOINC code
"category": [ '29463-7" = 'Body weight', given as 'Body Weight'}; {LOINC code '3141-9' = 'Body weight Measured

{ ', given as 'Body weight Measured'}; {SNOMED CT code '27113001' = 'Body weight', given as 'Body
weight'}; {http://acme.org/devices/clinical-codes code 'body-weight' = 'body-weight', given as
Body Weight'})</span></p><p><b>subject</b>: <a>Patient/example</a></p><p><b>context</b>: <a>Enco

1lb_av] = 'lb_av')</span></p></div>"

"coding": [

{ ) : unter/example</a></p><p><b>effective</b>: 28/03/2016</p><p><b>value</b>: 185 1lbs<span> (Details:
"system": "http://hl7.org/fhir/observation-c UCUM code [lb_av] = 'lb_av')</span></p></div>"
"code": "vital-signs" 1;
"display": "Vital Sigl:ls" Fh?r‘:Obser‘vat?on.status [ fhir:value "final"];
} fhir:0Observation.category [
fhir:index 0;
] fhir:CodeableConcept.coding [
} fhir:index 0;
1, fhir:Coding.system [ fhir:value "http://hl7.org/fhir/observation-category" J;
"code": { fhir:Coding.code [ fhir:value "vital-signs" J;
" . fhir:Coding.display [ fhir:value "Vital Signs" ]
coding": [ ]
{ 1;
"system": "http://loinc.org", fhir:Observation.code [
"code": "29463-7", fhir:CodeableConcept.coding [
w4 n, n : " fhir:index 0;
display": "Body Weight a loinc:29463-7;
s fhir:Coding.system [ fhir:value "http://loinc.org" 1;
{ fhir:Coding.code [ fhir:value "29463-7" 1];

Ll wiladicmae dical cie T LI weiialiia "Dadio Wal alaan 7
"euctam"+ "hidne //TAaine Ana"



FHIR Data Types

Requirement: RDF Rendering must be fully “round-
trippable”:

FHIR SD —> FHIR RDF —> FHIR SD

Which is why:

fhir:Person.active [ fhir:value "true"AAxsd:boolean].
instead of:

fhir:Person.active "true"AAxsd:boolean.



Preserving Extensibility

Boolean, like all FHIR elements, is
extensible. Processing for:

fhir:Person.active [ fhir:value "true"AAxsd:boolean].
and:

fhir:Person.active [
fhir:Element.extension [
fhir:index @;
fhir:Extension.url [ fhir:value "http://example.org/fhir/boolean/Certainty"” ],
fhir:Extension.valueDecimal [ fhir:value "0.75"AAxsd:decimal ]
13

fhir:value "true"AAxsd:boolean] .

should be the same.



RDF “Round Trippability”

Identify Document Root

JSON

{

"resourceType"”: "DiagnosticReport"”,
"idll: " FZOl" -
"text": {

Nedobucl, Nocoonalodl

"category": {
"coding": [
{
"system™: “"http://snomed.info/sct",
"code": "304914008",
"display": "Radiology"
| 38
{
"system™: “"http://hl7.0org/fhir/v2/0074",
"code": "RAD"

}

Preserve List Ordér

<http://hl7.org/fhir/DiagnosticReport/f201> a fhir:DiagnosticReport;

fhir:nodeRole fhir:treeRoot;
:Resource.id [ fhir:value “f201"];
fhir:DomainResource.text [

fhir:Narrative.status [ fhir:value "generated" J;

fhir:Narrative.div "<div xmlns=\"http://ww.w3.0rg/1999/xhtml\">(deleted)</div>"

J;

fhir:DiagnosticReport.status [ fhir:value "final"];

fhir:DiagnosticReport.category [
fhir:CodeableConcept.coding [

a SC - * W .ll"ll\; ;

fhir:Coding.system [ fhir:value "http://snomed.info/sct" ];
fhir:Coding.code [ fhir:value "394914008" 1;
fhir:Coding.display [ fhir:value "Radiology" ]

1, [

,:hir:index 11

fhir:Coding.system [ fhir:value "http://hl17.org/fhir/v2/0074" 1,
fhir:Coding.code [ fhir:value "RAD" ]

]

1;
fhir:DiagnosticReport.code [
har : CodeableConcept.coding [
fhir:index 9;
a SCt:429858000,
fhir:Coding.system [ fhir:value "http://snomed.info/sct" ];
fhir:Coding.code [ fhir:value “429858000" 1,
fhir:Coding.display [ fhir:value "Computed tomography (CT) of head and neck” ]
J;
fhir:CodeableConcept.text [ fhir:value "CT of head-neck" ]
J;
fhir:DiagnosticReport.subject [
fhir:link <http://hl7.org/fhir/Patient/f201>;
fhir:Reference.reference [ fhir:value "Patient/f201" ];
fhir:Reference.display [ fhir:value "Roel” ]
J1;
fhir:DiaanosticReport.effectiveDateTime [ fhir:value “2012-12-01T12:00:00+01:00"Mxsc



RDF Rendering Extensions - Concept URIs

thir:uiagnostickeport.category |
fhir:CodeableConcept.coding [
fhir:index 0;
a sct
fhir:Ced ; N[ fhir:value "http://snomed.info/sct" ];
fhir:Coding.code [ fhir:value "394914008" ],
fhir:Coding.display [\fhir:value "Radiology" ]

1, L
fhir:index 1;
fhir:Coding.system [ fhir:vqlue "http://hl7.org/fhir/v2/0074" 1];
fhir:Coding.code [ fhir:value

]
1:

RDF

<http://snomed.info/id/394914008>

“"category": {
"coding": [

{

"system™: "http://snomed.info/sct",
"code": "394914008",
"display": "Radiology"

} A

{
"system”: “"http://hl7.org/fhir/v2/0074",
"code": "RAD"

}

JSON


http://snomed.info/id/394914008
http://snomed.info/id/394914008

RDF Rendering Extensions - Resource Types

fhir:DiagnosticReport, subject |
fhir:link <http://hl7.org/fhir/Patient/f201>,;

fhir:Reference.reference [ fhir:vqlue "Patient/f201" ];
fhir:Reference.display [ fhir:value "Roel” ]
15

<http://hl17.org/fhir/Patient/f201> a fhir:Paﬁignt .

\ \

Resource Type  Construct the actual URI




Ontology Header

# - ontology heQder =====csccccccccccccccccccccccccccccccccccccccccccaa

<http://hl7.org/fhir/DiagnosticReport/f201.ttl> a owl:Ontology;
owl:imports fhir:fhir.ttl;
owl:versionIRI <http://build.fhir.org/DiagnosticReport/f201.ttl> .

Requirement: import FHIR URI Catalog
e No ‘import in RDF’ - have to use OWL
« owl:imports requires owl:Ontology Stay tuned:

o 'f201.ttl vs..f201 - re?soners f:lont . Looking at http://hl7 :
cope well with something that is both fhir/Di HCR owl/

a fhir:DiagnosticReport and aI:I £201 as an alternative
owl:Ontology (ontology describes

report, not IS the report)



http://hl7.org/fhir/DiagnosticReport/owl/f201
http://hl7.org/fhir/DiagnosticReport/owl/f201
http://hl7.org/fhir/DiagnosticReport/owl/f201

Accessing FHIR RDF

« Mime Types
e ‘text/turtle’
e (Discussing others)

e FOormat

e format=
o ttl
o turtle
o text/
o text/turtle




Accessing FHIR RDF

Supporting servers > curl http://test.fhir.org/r3/Patient/204?_format=text/
. turtle
» STUS (http://hl7.org/thir/) @prefix fhir: <http://hl7.org/fhir/> .

+ Doesn't Lecf’grl‘i]f.le format or mime types - have to @ nrefix owl: <http://www.w3.0rg/2002/07/owl#> .
access SICal Tlie
oY @prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> .

« http://hl7.org/fhir/Patient/f201 € NO )
@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .

o http://hl7.org/fhir/patient-example-f201-roel.ttl

Latest Build ( ) <http://test.fhir.org/r3/Patient/204> a fhir:Patient ;
e Same as STU3

fhir:nodeRole fhir:treeRoot ;
« FHIR Test Server (http://test.fhirorg/  fhir:Resource.id [ fhir:value "204"*xsd:string | ;
Patient) fhir:Resource.meta |
: Ztctc“’e;/ttetsetxg‘t'L‘r’trli/;?’f;“e”szm’ format=texi/nrtle fhir:Meta.versionld [ fhir:value "1"**xsd:string ] :
fhir:Meta.lastUpdated [ fhir:value
"2017-09-26T21:59:497"*xsd:dateTime |
1

fhir:DomainResource.text |



http://hl7.org/fhir/
http://hl7.org/fhir/Patient/f201
http://build.fhir.org/
http://test.fhir.org/r3/Patient/f201?_format=text/turtle
http://test.fhir.org/r3/Patient/f201?_format=text/turtle

Accessing FHIR RDF - JSON to RDF

https://github.com/BD2KOnFHIR/fhirtordf

FH I R JSON tO RDF CO nve rt(lnc'(us) https://github.com/BD2KOnFHIR/fhirtordf/blob/m ¢ @search St a9 3

° Pyth0n3 FHIR JSON to RDF conversion utility
® CO m m a n d I i n e a n d I i b ra r A tool to convert FHIR Resources from the JSON format to their equivalent in the Ft

used to convert FHIR queries, bundles and individual FHIR resources. It can be usec
resource(s) for further processing and/or to create RDF output files.

e Used in i2FHIRb2

> fhirtordf -i http://hl7.org/fhir/Patient/f201 -nn

@prefix fhir: <http://hl7.org/fthir/> .

@prefix owl: <http://www.w3.0rg/2002/07/owl#> .

@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
@prefix rdfs: <http://www.w3.o0rg/2000/01/rdf-schema#> .
@prefix sct: <http://snomed.info/id/> .

@prefix v2-0131: <http://hl7.org/fhir/v2/0131> .



FHIR Structure Vocabulary

\\(- (® hi7.org/fhir/fhir.ttl Bl ¢ | Q search

e Sometimes referred to as the “FHIR R

@prefix owl: <http://www.w3.0rg/2002/07/owl#> .
))) @prefix xsd:  <http://www.w3.0rg/2001/XMLSchema#> .
Onto O @prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> .
AL @prefix dt: <http://hl7.org/orim/datatype/> .
@prefix cs: <http://hl7.org/orim/codesystem/> .
@prefix fhir-vs: <http://hl7.org/fhir/valueSet/> .
@prefix ex: <http://hl7.org/fhir/StructureDefinition/> .
@prefix rdf: <http://www.w3.0rqg/1999/02/22-rdf-syntax-ns#> .
@prefix rim: <http://hl7.org/owl/rim/> .
@prefix dcterms: <http://purl.org/dc/terms/> .
@prefix vs: <http://hl7.org/orim/valueset/> .
@prefix loinc: <http://loinc.org/owl#> .
@prefix w5: <http://hl7.org/fhir/w5#> .

() Direct representation Of FHIR @prefix dc: <http://purl.org/dc/elements/1.1/> .

fhir:Condition.abatementDateTime

a owl:0bjectProperty ;

° o, 0 ° .
St t D f t f t rdfs:domain fhir:Condition ;
r u C u re e I n I I O n I n O r l I I a I O n rdfs:label "Condition.abatementDateTime" ;
rdfs:range fhir:dateTime ;
rdfs:subPropertyOf fhir:Condition.abatement .

A (Ve ry) proper su b set fhir:Endpoint.adiess e

r

rdfs:comment "The uri that describes the actual end-point to connect to." ;
rdfs:domain fhir:Endpoint ;

rdfs:label "Endpoint.address" ;

[ ] [ ]
* Purpose is (or includes):
° dc:title "The technical base address for connecting to this endpoint” .

P Define the Classes and predicates fhir:DataElement.contact
used in the FHIR RDF representation



http://hl7.org/fhir/fhir.ttl

FHIR Structure Vocabulary

Protégeé

hir:Observation a owl:Class : < > ® untitled-ontology-625 (http://who.int/icd/11/2017/:
rdfs:comment Measurements and simple assertions made about a patien
rdfs:label "Observation" ; Active Ontoloay x | Entities x  Individuals by class x| DL Query x|
rdfs:subClassOf fhir:DomainResource , wS5:clinical.diagnostics ; i |
rdfs:subClassOf [ a owl:Restriction ; Class hie ® Enter or select a URI
owl:allvaluesFrom fhir:ObservationRelatedComponent ;
owl:onProperty fhir:Observation.related R URI
1
® owl: http://build.fhir.org/fhir.ttl
rdfs:subClassOf [ [ a owl:Restriction ; Bookmark<
owl:cardinality 1 ; 0] Resolve missing import? |
owl:onProperty fhir:Observation.status ;
owl:someValuesFrom fhir:code The system couldn't locate the ontology:
Tt http://hl7.org/fhir/w5#
rAfoesonhM1acanFf r = Arrl s DAac+rimdinn e q
ould you like to attempt to resolve the missing import?

No (e

/

l fhir:0bservation.status l ISSI | E

a owl:0ObjectProperty ;
f the result value." ;

" Short term solution:

pPropertyO :

dostitle "registered | preliminary | final | amencea +* . Ke€€P a local copy of http://hl7.org/fhir/w5.ttl



FHIR Structure Vocabulary in Protégé

€  ( @ GitHub, Inc. (US)  https://github.com/BD2KONFHIR/BLENDINGFHIR @ Psearch w8 4 4 4 B @
[ ] [ ] fhir.ttl (http://hlZ.org/fhir/fhir.ttl) : [/Users/mrf7578/Development/git/BD2KONFHIR/BLENDINGF
[ < > @ fhir.ttl (http://hl7.org/fhir/fhir.ttl) O Features Business Explore Marketplace Pricing This repository
|Active Ontology x| Entities x | Individuals by class x| DL Query x|
| Class hierarchy | Class hierarchy (inferred) | ® Observation — http://hl7.org/fhir/Observation £ BD2KONFHIR / BLENDINGFHIRandRDF Owach 3 K
.L: [:+ - ]& Asserted () Observation.identifier only Identifier <> Code lasues @ Pull requests @ Projects @ Insights
y : g::::::::::::;:r:::ﬁ:s::; CodeableConcept granch: master~  BLENDINGFHIRandRDF | yosemite_talk | t
: ::::ae'::es"bled ® Observatfon.method only CodeableConcept g hsolbrig Adds WHO URL and links to WHO and SNOMED URI specs Latest com
@ Specimen () Observation.performer only Reference
() SspecimenDefinition () Observation.referenceRange only ObservationReferenceRan:
> @ gengral ) () Observation.related only ObservationRelatedComponent 8 SNOMED_CT Supporting files for October 12 Yosemite talk
> ; c:ﬂ;l;::l:fzzn O Observation.specimen only Reference s images Supporting files for October 12 Yosemite talk
> ( Element o Observation.status «om: code README.md Supporting files for October 12 Yosemite talk
» @ financial () Observation.subject only Reference
» @ infrastructure cancerreport.ow! Supporting files for October 12 Yosemite talk
catalog-v001.backup.xml Supporting files for October 12 Yosemite talk
catalog-v001.xml Supporting files for October 12 Yosemite talk
codesystem-diagnostic-report-stat... Supporting files for October 12 Yosemite talk
diagnosticreport-example-f201-brai... Supporting files for October 12 Yosemite talk
diagnosticreport-example-thyroidtu.. Supporting files for October 12 Yosemite talk
fhir.ttl Supporting files for October 12 Yosemite talk
finalreport.owl! Supporting files for October 12 Yosemite talk

https://github.com/BD2KOnFHIR/BLENDINGFHIRandRDF/tree/
master/yosemite_talk



Shape Expressions (ShEx) - RDF “Schema”

. “SChe ma ) beCa use ( RDF shex.io/shex-semantics/
”» e s
S Chema. IS alS O Us ed fOr S Shape Expressions Language 2.0
SO m eth I n g e I Se > S Draft Community Group Report 13 July 2017

This version:
http://shex.io/shex-semantics-20170713

» Called Shape Expressions

Latest editor's draft:

https:/shexspec.github.io/spec/
X Test suite:

https://github.com/shexSpec/shexTest

Bug tracker:

« Good for almost as many puns s

http://shex.io/shex-semantics-20170327

«
a S F H I R . eeo o Edit‘;'risc: Prud'hommeaux, W3C/MIT

lovka Boneva, University of Lille

Jose Emilio Labra Gayo, University of Oviedo

e ... but you have to be very ,_ et oo
careful

Github Repository




ShEx Schemas available for all R4 resources

{ (- @ www.hi7.org/FHIR/observation.html

L vauenauu

) valueSampledData

) valueAttachment
valueTime

valueDateTime

) valuePeriod
- () dataAbsentReason

. (}) interpretation

- | gg referenceRange

# Documentation for this format

El| & Q search wB U 3 4 (4

ratu
SampledData
Attachment
time
dateTime
Period

CodeableConcept
CodeableConcept

see referenceRange

Why the component result is missing

Observation Value Absent Reason (Extensible)

High, low, normal, etc.

Observation Interpretation Codes (Extensible)
Provides guide for interpretation of component result

Alternate definitions: Master Definition (XML, JSON), XML Schema/Schematron (for ) ON Schema, ShEx (for Turtle)

/ \

Schema, ShEx (for Turtle)

\ 6 ) @ www.hl7.org/FHIR/observation.shex.html E1 ¢ Q, search ﬁ g

ShEx statement for observation

PREFIX fhir: <http://hl7.org/fhir/>

PREFIX fhirvs: <http://h17.org/fhir/ValueSet/>
PREFIX xsd: <http://www.w3.0org/2001/XMLSchema#>
BASE <http://hl7.org/fhir/shape/>

start=@<0bservation> AND {fhir:nodeRole [fhir:treeRoot]}

# Measurements and simple assertions
<Observation> CLOSED {
a [fhir:0Observation];

fhir:
fhir:
fhir
fhir:

fhir:
fhir

fhir:
fhir:

fhir:
nored

fhir:

fhir:

nodeRole [fhir:treeRoot]?;

Resource.id @<id>?; # Logical id of this artifact
:Resource.meta @<Meta>?; # Metadata about the resource
Resource.implicitRules @<uri>?; # A set of rules under which this

# content was created
Resource.language @<code>?; # Language of the resource content

:DomainResource.text @<Narrative>?; # Text summary of the resource, for

# human interpretation
DomainResource.contained @<Resource>*; # Contained, inline Resources
DomainResource.extension @<Extension>*; # Additional Content defined by

# implementations
DomainResource.modifierExtension @<Extension>*; # Extensions that cannot be ig

Observation.identifier @<Identifier>*; # Business Identifier for observation
Observation.basedOn # Fulfills plan, proposal or order

( @<CarePlanReference> OR
@<DeviceRequestReference> OR
@<ImmunizationRecommendationReference> OR
@<MedicationRequestReference> OR
@<NutritionOrderReference> OR
@<ProcedureRequestReference> OR
@<ReferralRequestReference>

I*:



ShEx Conformance checking

-)I@ nt.com/BD2KONFHIR/FHIRDevDays2017/master/shex_examples.json ¢ | Q search w B O 3§ &4 4 8B @ @ R = -~ 0 & @ =

<~ ShEx2 — Simple Online Validator controls v

'PREFIX fhir: <http:/7hl7.org/fhir/>~ ~ ~ = = 7 7 T T T T T T T T 7 7.7 fprefix fhir: <http://nl7.org/fhir/> . T T T T T T T T T T o ‘

IPREFIX fhirvs: <http://hl7.org/fhir/valueSet/> I l@gprefix loinc: <http://loinc.org/rdf#> .
JPREFIX xsd: <http://www.w3.org/2001/XMLSchema#> | 1@prefix owl: <http://www.w3.o0rg/2002/07/owl#> .
|BASE <http://hl7.org/fhir/shape/> ; @prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> . I
@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .
Istart=@<Observation> AND {fhir:nodeRole [fhir:treeRoot]} L |
1 | |# - resource I
I# Measurements and simple assertions 1! !
l<observation> CLOSED { I l<http://hl7.0rg/fhir/Observation/f001> a fhir:Observation; .
1 a [fhir:Observation]; I | fhir:nodeRole fhir:treeRoot;
fhir:nodeRole [fhir:treeRoot]?; y 1 fhir:Resource.id [ fhir:value "f001"];
fhir:Resource.id @<id>?; # Logical id of this artifact fhir:DomainResource.text [
fhir:Resource.meta @<Meta>?; # Metadata about the resource | fhir:Narrative.status [ fhir:value "generated" ]; .
1 fhir:Resource.implicitRules @<uri>?; # A set of rules under which 11 fhir:Narrative.div "<div xmlns=\"http://www.w3.0rg/1999/xhtml\"><p> 1
|this | I<b>Generated Narrative with Details</b></p><p><b>id</b>: £001</p> |
| # content was created I”<p><b>identifier</b>: 6323 (OFFICIAL)</p><p><b>status</b>: final</p> ,
fhir:Resource.language @<code>?; # Language of the resource <p><b>code</b>: Glucose [Moles/volume] in Blood <span>(Details : {LOINC
Icontent I lcode '15074-8' = 'Glucose [Moles/volume] in Blood', given as 'Glucose 1
1 fhir:DomainResource.text @<Narrative>?; # Text summary of the | 1[Moles/volume] in Blood'})</span></p><p><b>subject</b>: <a>P. van de 1
|resource, for IHI-Ieuvel</a></p><p><b>effective</b>: Apr 2, 2013 9:30:10 AM --&gt; ,
# human interpretation (ongoing)</p><p><b>issued</b>: Apr 3, 2013 3:30:10 PM</p>
I fhir:DomainResource.contained @<Resource>*; # Contained, inline I l<p><b>performer</b>: <a>A. Langeveld</a></p><p><b>value</b>: 6.3 ‘
IResources | Immol/l<span> (Details: UCUM code mmol/L = 'mmol/L')</span></p><p> |
fhir:DomainResource.extension @<Extension>*; # Additional Content j (<b>interpretation</b>: High <span>(Details : {http://hl7.org/fhir/v2/0078 ,
I:'iefined by _ 4&F90de 'H' = 'High', given as 'High'})</span></p><h3>ReferenceRanges</h3> Ay
Examples: - Passing:
o (FHIR Observation R3 ) » (_sample glucose observation )

e (_FHIR Observation R4 ) validate (ctl-enter)

(05iC 4B\ )] Query Map Editor Fixed Map

<http://hl7.org/fhir/Observation/£f001>@<0Observation>

¥ <http://hl7 .org/thir/Observation/f001>@<http://hl7 .org/fhir/shape/Observation>

AINNON NACICX NICTORKUADD COJY] alidate?examples=https: AV EILNUDUSCICONLCT ] olil

BD2KOnFHIR/FHIRDevDays2017/master/shex_examples.json

http://rawgit.com/shexSpec/shex.js/master/doc/shex-simple.html?examples=https://
raw.githubusercontent.com/BD2KOnFHIR/FHIRDevDays2017/master/shex_examples.json


http://shaclex.herokuapp.com/validate?examples=https://raw.githubusercontent.com/BD2KOnFHIR/FHIRDevDays2017/master/shex_examples.json
http://shaclex.herokuapp.com/validate?examples=https://raw.githubusercontent.com/BD2KOnFHIR/FHIRDevDays2017/master/shex_examples.json
http://shaclex.herokuapp.com/validate?examples=https://raw.githubusercontent.com/BD2KOnFHIR/FHIRDevDays2017/master/shex_examples.json

FHIR and RDF -- Summary

e FHIR R4 specification includes RDF representational format

« RDF is available on some FHIR servers
o Python JSON to RDF conversion tool is available

« FHIR RDF specification includes FHIR Structure Vocabulary
e A public, standard catalog of URI’s for FHIR resources
« Potentially the “Dublin Core” for healthcare?

« Shape Expression (ShEx) schemas are available for FHIR Resources

o Today: basic RDF validation
e Near future: will include slicing, constraints and other enhancements




Part 3

FHIR, RDF and the Semantic Web

The FHIR RDF Specification

Why RDF and FHIR



FHIR RDF /s poet Resource-Oriented
Architecture

That's the Resource-Oriented Architecture. It's just four
concepts:

1. Resources

1. Their names (URIs)

1. Their representations

1. The links between them

RESTful Web Services
) 0.6 .6 ¢ 26 reviews

g e
. A(l
7 3
S 08 S
. WY

Y N
e < R by Sam Ruby, Leonard Richardson
RESTfUI Publisher: O'Reilly Media, Inc.

: Web Services Release Date: May 2007

ISBN: 9780596529260

Topics: Java

View table of contents

and four properties:
1. Addressability
2. Statelessness
3. Connectedness
4. A uniform interface

“A web service is connected to the extent that
you can put the service in different states just
by following links and filling out forms”

WL K<

http://my.safari ksonline.com/9780596529260/restclients

o6


http://my.safaribooksonline.com/9780596529260/restclients

FHIR “turtles” - five six different languages

» StructureDefinition & friends — core model
» Extension — tag/value

» Constraint — FhirPath

* “Slicing” —

* Value Sets

» Terminology Properties

RDF + ShEx (can) reduce these to a single idiom
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FHIR Structure Vocabulary

Welcome to fhir.schema.org

Usage: Fewer than 10 domains

Introduction
The FHIRE -~ Fast Healthcare Interoperabiity Resources are buit from a set of modular components calied "Resol
resources could potentially be viewed as a loose set of "semantics” that could be used as mariup for HTML, XML Property

Properties from Observation

While we aren't certain whether the FHIR resowrce constructs make sense in the context of the schema.org ecosy
this question might be 10 propose 4 way of represent NG FHIR in the schemy.org environment and use it 1o demx

To accomplish this, we have created Two sChema.orng extensions

) Observation.category
The FHIR WS “ontology this provides 2 wpper level classifcation of FHIR resources, as well as providing T m—————— e

predicates

The FHIR resource definitions thamseives - [ is the set of resources and their anridbutes as defined in t! obgcrvation,codo
1 would 40 be possible (and even sensidie) 10 extend this core ontology with appropriate FHIR Profiles
Observation.comments
Relationship to other schema.org schemas
AL the moment, there is Aimost A0 Overlap Detween the FHIR schaema elements and the components of the core §

ontology (wS) Is currently a direct subclass of TMING. All other classes In the WS and FHIR schemas subclass WS

SLIUCIUrR 1S Als0 presearved

Observation.component

ASSuming 1hat the FHIR sChema.org resource can De proven 10 D¢ potentially useful, an obvious mext sted would

¢ The proposed Health and medical types

Observation

Defined in the fhir.schema.org extension.
Canonical URL: http://schema.org/Observation

e T R

Base StructureDefinition for Observation Resource

Expected Type

body-site

opservation-category

observation-codes or

BackboneElement

observation-codes

observation-
valueabsentreason

CodeableConcept

Period

Quantity

[more.

Description

Indicates the site on the subject’'s body where the observation was made (i.e. the
target site).

A code that classifies the general type of observation being made. This is used
for searching, sorting and display purposes.

LDL Cholesterol -measured or calculated per code.

May include statements about significant, unexpected or unreliable. values, or
information about the source of the value where this may be relevant to the
interpretation of the result.

Some observations have multiple component observations. These component
observations are expressed as separate code value pairs that share the same
attributes. Examples include systolic and diastolic component observations for
blood pressure measurement and multiple component observations for genetics
observations.

Describes what was observed. Sometimes this is called the observation “code”.

Provides a reason why the expected value in the element Observation.value(x] is
missing.

The information determined as a result of making the observation, if the
information has a simple value.

The information determined as a result of making the observation, if the
information has a simple value.

The information determined as a result of making the observation, if the
information has a simple value.

The information determined as a result of making the observation, if the
information has a simple value.



FHIR Structure Vocabulary

(Fhir.ttl)

PotentialUse Cases

Provenance for FHIR Narrative Text

HTML FHIR Interchange Format

Markup for personal device measurements
Mapping for HL& Continuity of Care (CCD) and
other data formats

Markup for blogs and other Personal Health
Records (PHR)

Linking Medical Knowledge / Data / Products



WHY FHIR RDF

Trough of Disillusionment

Technology Trigger TIME

A 4

Where are we on that curve, people want to know? Well, my answer is that as far as I can tell, the rate of

HL7 is an IT standardisation Organization. We have severely limited ability to standardise the practice of

e. We just have to accept them as they are. So fve can’t provide prescriptive

information models. We can’t force vendors or institutions to do things the san

s of information at particular timesj All we can do is describe a common way to do it, if

people want to do it.

So what things do I see that I think are hype? Well there are many symptoms, but one fundame = pause:
there's an apparently widely held view that “"FHIR will solve interoperability”.

It's not going to.

FHIR is 2 things: a technology, and a culture. I'm proud of both of those things. I think both of those will
make a huge contribution towards solving the problems of interoperability in healthcare. But people who
think that problem will be solved anytime soon don’t understand the constraints we work under.

HL7 is an IT standardisation Organization. We have severely limited ability to standardise the practice of

http://www.healthintersections.com.au/?p=2514
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FHIR Structure Vocabulary (FSV) in i2b2

i2zb2 Query & Analysis Tool Project: i2b2 Demo User: i2b2 User Find Patients | Analysis Tools

Ny Find O vl Query Tool

=/} FHIR Resources Query Name: |
L_?i] administrative
=53] clinical

o1 careprovision
=& diagnostics Dates Occurs > 0x Exclude || Dates Occurs > 0x

L:Ci BodyStructure Ireat Independently ¥ Treat Independently +
o1 DiagnosticReport
o1 ImagingStudy
= 1 Observation
2] Observation basedOn
[&3] Observation bodySite
t:&] Observation category
= {531 Observation code
- © text
-] Observation code coding

Q code ”
= o

Temporal Constraint: | Treat all grouj

' Symbol in syntax defined by the system drop a

O userSelected on here
A O version
0] Observation comment
@ Observation component 0 Group
2] Observation context
{31 Observation dataAbsentReason
0| Observation derivedFrom Graph Results || Query Report
2] Observation device
2| Observation effectiveDateTime ‘

@)

/e

U




=—=2b2 Client Query with Literal Model

< VL]
Query Name: | It140Triglicerides 1
Temporal Constraint: | Items Instance will be the same v |
Group 1 X Group 2 X Group 3 X
Dates Occurs > Ox Exclude || Dates Occurs > Ox Exclude || Dates Occurs > Ox Exclude
ltems Instance will be the same ¥ Items Instance will be the same v Occurs in Same Encounter v
EI Observation code coding [code [Exact: t’&] Observation code coding [system [Exact: t’&l Observation valueQuantity [value < 140 ]
2571-8] http://loinc.org]]
one or one or one or
more of more of more of
these these these
“RunQuory | Clear 3 Groups Hew Group
Show Query Status Query Report ]

Number of patients

82

For Query "It140Triglicerides1"




Result

'. N ) finalpatientcancerreport (http://example.org/swatdls/finalpatientcancerreport) : [[Users/mrf7578/Development/git/BD2KOnFHIR/BLEN

< > ® finalpatientcancerreport (http://example.org/swat4ls /finalpatientcancerreport)

Active Ontology x | Entities x | Individuals by class x | DL Query x

Class hierarchy | Class hierarchy (inferred) & FinalPatientReportWithCancerDiagnosis — http://example.org/swat4dls /finalpatientcan
Class hierarchy (i - Fi i i iption: Fi i portWithCancerDiagnosis
@ owl:Thing Equivalent To

» @ administrative () ReportWithCancerDiagnosis

» © clinical and FinalReport

» @ conformance and PatientReport

» @ DxStatus

» @ Element

» @ FinalStatus MiLlass O

» @ financial £ FinalReport

» @ infrastructure .

@ Narrative.div © PatientReport
v ) PatientReport £ ReportWithCancerDiagnosis

® FinalPatientReportWithCancerDiagnosis
» @ Primitive
v ) ReportWithCancerDiagnosis

£ FinalPatientReportWithCancerDiagnosis

Ceneral class axioms

> . Resource SubClass Of (Anonymous Ancestor)
» : LSN%MEE CT Concept (SNOMED RT+CTV3)' @) DiagnosticReport.subject.link some Patient
reexoo

» O workflow ) DiagnosticReport.codedDiagnosis.coding some 'Malignant neoplastic disease (disorder)'
@ xhtml ) DiagnosticReport.status some FinalStatus
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HOW FHIR RDF is
generated today

e Clone https://qgithub.com/HL7/fhir

e cd fhir

Last login: Fri Nov 8 20:24:00 on ttys003
/Library/Frameworks/Python. framework/Versions/3.7/bin:/usr/loca

EB-GCRC-OWXJHD5+» Desktop P cd ~/git/HL7/fhir
EB-GCRC-OWXJHDS» fhir : master tx P ./publish.shl

... time elapses ...


https://github.com/HL7/fhir

ow HL7 FHIR is Generated

. .resource Resource 266sec
. .resource Account 267sec
..resource ActivityDefinition 268sec
. .resource AdministrableProductDefinition 275sec

...resource AdverseEvent 279sec
..resource AllergylIntolerance 282sec
. .resource Appointment 284sec
. .resource AppointmentResponse 288sec




What is happening

fhir/source/account:

v B account
account-example-with-guarantor.xml|
account-example.xmi
account-examples-header.xmi|
account-introduction.xmi
account-notes.xml
account-spreadsheet.xmi
account.gen.svg

valueset-account-type.xml|




What is happening

B account
D account-example-with-guarantor.xml|
B account-example.xml

Core Parser

ﬁ account-examples-header.xml
m account-introduction.xml

B account-notes.xml

D account-spreadsheet.xml

B account.gen.svg

B valueset-account-type.xml StructureDefinition
Instance

Model
Representations

account.java
HTML Rendering
Account.xsd

StructureDefinition
Serializations

Account.profile.xml

Account.profile.json

XML Example
JSON Example

Account.profile.ttl

Account.shex




FHIR Representation
Formats
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