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Abstract

Introduction: HL7 Fast Healthcare Interoperability
Resources (FHIR) is an emerging standard for the
electronic exchange of healthcare information. FHIR
defines a collection of "resources" that "can easily be
assembled into working systems.” While a robust soft-
ware ecosystem is emerging from FHIR community, the
clinical community still faces a substantial challenge of
transformation between existing databases and the
FHIR models. The current tooling for defining FHIR
profiles involves a publication process for producing
machine-enforceable (XML) schemas, complicating the
workflow for iterative design of FHIR profiles.

The Resource Description Framework (RDF) Shape
Expressions language (ShEx), developed as an input
to the W3C RDF Data Shapes working group, is a
mechanism to formally describe RDF structures,
providing the RDF analog to XML schema.

Objective: We present the ShEx-based tools for
modeling and validating HL7 FHIR profiles.

Methods and Results: In this study, we used the core
resources in both the the HL7 FHIR DSTUZ2 Ballot
released on April 2, 2015 and the nightly builds. The
core resources are classified into clinical,
administrative, infra-structure and financial categories.
Both the FHIR resources and the schemas that
describe have equivalent XML and JSON
representations.

The FHIR schema to ShEx (FHIRSchema2ShEx)®
transformation tools were developed in collaboration
with the HL7 ITS/W3C HCLS group, based on the their
mappings between the JSON representation of the
FHIR schemas and their ShEx equivalent. We
iImplemented these transformation rules in JavaScript
and integrated them with the FHIRData2RDF
application.

We began by creating a library of ShEx schemas, one
per core FHIR resource. The library is generated by a
tool that extracts a FHIR ShEx schema name from the
FHIR2ShEX transformation and produces a file that
contains the target FHIR schema and its
dependencies.

We also discuss our plans to integrate this process into
the Open Refine platform (D2Refine) to provide a user-
friendly interface to support RDF/FHIR data element
harmonization and model transformation.

Conclusion: In this study, we described our ongoing
efforts in developing tools that transforms HL7 FHIR
core models into ShEx-based schema. We
demonstrated that ShEx is a useful mechanism to
model and test conformance with FHIR profiles.
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Structure

Structure

Name Flags Card. Description & Constraints

Type

! Medication DomainResource Definition of a Medication

) code z .1 CodeableConcept Codes that identify this medication

SNOMED CT Medication Codes (Example)

isBrand boolean True if a brand

- [4' manufacturer Reference(Organization) Manufacturer of the item

product BackboneElement Administrable medication details

- form CodeableConcept powder | tablets | carton +
SNOMED CT Form Codes (Example)

ingredient BackboneElement Active or inactive ingredient

@ item[x]

The product contained

i [ ) itemCodeableConcept CodeableConcept

L. 4 itemReference Reference(Substance |
Medication)

Ratio

-] amount Quantity of ingredient present

batch BackboneElement

lotNumber . string

expirationDate dateTime

package BackboneElement Details about packaged medications

) container CodeableConcept E.g. box, vial, blister-pack
: SNOMED CT Form Codes (Example)

content BackboneElement What is in the package

@ item[x]

The item in the package
i [ ) itemCodeableConcept CodeableConcept

L. [? itemReference Reference(Medication)

-~ ) amount SimpleQuantity Quantity present in the package

y Documentation for this format

http://hl7-thir.github.io/medication.html

FHIR Data Objects
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Home Clinical Medication Example Instance

Medicationexample1.ttl

Raw Turtle, JISON-LD

Name element only populated - Amoxicillin 250mg/5ml| Suspension

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

@prefix owl: <http://www.w3.0rg/2002/07/owl#> .
@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> .
@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#> .

# - resource

<http://hl7.org/fhir//Medication/medicationexamplel> a fhir:Medication;
fhir:nodeRole fhir:treeRoot;
fhir:Resource.id [ fhir:value "medicationexamplel”];
fhir:DomainResource.text [
fhir:Narrative.status [ fhir:value "generated" ];
fhir:Narrative.div "<div xmlns=\"http://www.w3.0rg/1999/xhtml\">Amoxicillin 25@mg/5Sml Suspe
nsion</div>"
13
fhir:Medication.code [
fhir:CodeableConcept.text [ fhir:value "Amoxicillin 25@0mg/5ml Suspension” ]

- Schema (ShEX): Schema parsed.

MD

Logical Model in ShEX

/”A FHI R®© Current Build

Home Documentation Implementation Resources Clinical Administrative Infrastructure Financial

Home Documentation Data Types Profile

Medication.shex

Raw ShEx

ShEx statement for medication

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

start=<Medication>

<Medication> { a [fhir:Medication];
fhir:nodeRole [fhir:treeRoot];
fhir:Resource.id @<id>?;
fhir:Resource.meta @<Meta>?;
fhir:Resource.implicitRules @<uri>?;
fhir:Resource.language @<code>?;
fhir:DomainResource.text @<Narrative>?;
fhir:DomainResource.contained @<Resource>*;
fhir:DomainResource.extension @<Extension>*;
fhir:DomainResource.modifierExtension @<Extension>%*;
fhir:Medication.code @<CodeableConcept>?;
fhir:Medication.isBrand @<boolean>?7;
fhir:Medication.manufacturer @<OrganizationReference>7?;
fhir:Medication.product @<Medication.product>7?7;
fhir:Medication.package @<Medication.package>?;
fhir:index xsd:integer?

http://hl7-fhir.github.io/medication.shex.html

ShEx-based Validation Tool

O 6 /| W3 ShEx Data Validation Demo "\\+

https:/ /www.w3.0rg/2013 /ShEx/FancyShExDemo E1| ¢ | (Q Search ¥y A BB 4 ©

Data: Text " Data parsed.

ShEx 2 |
PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> Data Validation Workbench
BASE <http://hl7.org/fhir/shape/>

refix owl: <htt . .
start=<Medication> refix rdfs: <http: . Renderlng
refix xsd: <http: .

<Medic @ colorize

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

ation> { a [fhir:Medication];
hir:nodeRole [fhir:treeRoot];
hir:Resource.id €<id>?;
ir:Resource.meta €

permalink ) add to history

Validation:

® Validate

<http://hl7.org/fhir//Medication
/medicationexamplel>

as <Medication>

O Use shape assertions in data

O Find node types () Async
Disable javascript extensions

<http://hl7.org/fhir//Medication/medicationexamplel>
a fhir:Medication;

fhir:nodeRole fhir:treeRoot;

fhir:Resource.id hir:value "medicationexamplel”];

tension>*; hir:value "generated" ];
ifierExtension E<Extension>* div "<div xmlns=\"http://www.w3.org/1999/xhtml\">
<CodeableConcept>?;

and @<boolean>?;

ension @€<Bx
dif

t.text [ fhir:value "Amoxicillin 250mg/5ml Su

Closed shapes

Translations
SPARQL:
validating query remaining triples value

dump
View as:

Resource Shape S-Expression Haskell AST

\/alidat+inn maceanae:

Validation Results

result navigation enabled — use ctrl-t and ctrl-| to browse results.

a ir:Medication) matched by <http://hl7.org/fhir//Medication/medicationexamplel> a fhir:Medication .
le ir:treeRoot) matched by [<http://hl7.org/fhir//Medication/medicationexamplel> fhir:nodeRole fhir:treeRoot .
rce.id #<id>? matched by [<http://hl7.org/fhir//Medication/medicationexamplel> fhir:Resource.id _:0 .
string? matched by

_:0 fhir:value "medicationexamplel” .

text @<Narrative>? matched by [<http://hl7.org/fhir//Medication/medicationexamplel> fhir:DomainResource.text :1

atus €<code> matched by | :1 fhir:Narrative.status _:2 .

lue xsd:string? matched by | :2 fhir:value "generated" .

Narrative.div xsd:string matched by | :1 fhir:Narrative.div "<div xmlns=\"http://www.w3.org/1999/xhtml\">Amoxicillin 250mg/5ml Suspension</div>"
ir:Medication.code €<CodeableConcept>? matched by <http://hl7.org/fhir//Medication/medicatione
PASS {
fhir:CodeableConcept.text €<string>? matched by | :3 fhir:CodeableConcept.text _:4 .
PASS {
fhir:value xsd:string?

}

}

}¥o remaining triples.

xamplel> fhir:Medication.code _:3 .

matched by | :4 fhir:value "Amoxicillin 250mg/5ml Suspension"

http://nl7-thir.github.io/medicationexample1.ttl.html

https://www.w3.0rg/2013/ShEx/FancyShExDemo

D2Refine CTS2-based Reconciliation Plugin
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=

Al = variable -id ¥ variable - name ¥ variable - description

Using facets and filters

= variable - value

>

1. phv00253452.v1 SUBJID
phv00253453.v1 Gender

Use facets and filters to select subsets Unique Participant Identifier

of your data to act on. Choose facet and : 2.
filter methods from the menus at the top
of each data column.

Search for match
Not sure how to get started?

Watch these screencasts . .
Search for "Female" Female \

Select an item from the list:

female [obo:PATO_0000383]
female [obo:PATO_0000383]
female [MGEDOntology.owl:MO
Female [RIM_none:10174:F]
Female [LOINC:LA3-6]

Female [ns1363824265:C00157

() Match other cells with same content
() Match this cell only
Match

New Topic Don't Reconcil

Female [NCI_Thesaurus:C1657€ http://
Female [NCI_Thesaurus:C1657€ http://
Female [NCI_Thesaurus:C1657€ http://
Female [NCI_Thesaurus:C1657€ http.//

3. phv00253454.v1 Primary Site

NCI LexEVS CTS2: http://l
CTS2: Common Terminology Services 2

Discussion

1. There is an emerging need to represent the cancer phenotype
models using standard FHIR modeling mechanism, which can
be validated using our ShEx tools.

2. D2Refine serves as an integrated metadata harmonization
and validation workbench with an user-friendly interface, which
can capture the feedback from the cancer research
iInvestigators while automate the data quality check and
validation.

Participant's gender as Male or Female

Primary site of patient tumor

exevscts2.nci.nih.gov/lexevscts2

Female

v | female [obo:PATO_0000383] (1)

v - Female [RIM_none:10174:F] (0)

" - Female [LOINC:LA3-6] (0)

v | female [obo:PATO_0000383] (1)

v . female [MGEDOntology.owl:MO_5086] (1)
" “/ Female [ns1363824265:C0015780] (0)
" *2 Female [NCI|_Thesaurus:C16576] (0)
" “/ Female [NCI_Thesaurus:C16576] (0)
v - Female [NCI_Thesaurus:C16576] (0)
v - Female [NCI_Thesaurus:C16576] (0)
w1 % Create new topic

Search for match

Male

" “/ male [obo:PATO_0000384] (1)

" 2 Male [RIM_none:10173:M] (0)

" ./ Male [LOINC:LA2-8] (0)

" - male [obo:PATO_0000384] (1)

" 2/ male [MGEDOntology.owl:MO_652] (1)
" - Males [ns1363824265:C0086582] (1)
" - Male [NCI_Thesaurus:C20197] (0)
" “2 Male [NCIl_Thesaurus:C20197] (0)
" “/ Male [NCIl_Thesaurus:C20197] (0)
" 2/ Male [NCIl_Thesaurus:C20197] (0)
+ “ Create new topic

Search for match

Breast

" “ Breast [NCIl_Thesaurus:C12971] (0)
" “ Breast [NCIl_Thesaurus:C12971] (0)
" “ Breast [NCIl_Thesaurus:C12971] (0)
" “.- Breast [NCIl_Thesaurus:C12971] (0)
" “. Breast [LOINC:LA4255-1] (0)

v - Create new topic

Search for match

string

http:/flexevsB83cts2.nci.nih.g

http:/flexevsB63cts2.nci.nih.g
http:/flexevsB63cts2.nci.nih.g
http:/flexevsB63cts2.nci.nih.g
http:/flexevsB63cts2.nci.nih.g
http:/flexevs63cts2.nci.nih.g
lexevsB3cts2.nci.nih.g
exevsB3cts2.nci.nih.g
exevsB3cts2.nci.nih.g

lexevsB3cts2.nci.nih.g

string
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