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MDHT Summary

 Model Driven Health Tools (MDHT) is an open source
software project at Eclipse.org

— Supported by VA, ONC S&I, FHA, IBM, & others since
2008

* MDHT supports a full lifecycle standards development
process, providing a solution that allows standards
designers and implementers to actively collaborate

e Consolidated CDA (C-CDA)

— Continuous ONC contract support for creating and maintaining all versions of C-
CDA specifications in UML using MDHT editor

— Complete UML models containing all conformance rules for HL7 specifications
from C-CDA 1.0 through current C-CDA 2.1

— MDHT Generated Java programming library for C-CDA is adopted by several major
EHR vendors and 100’s of other developers
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MDHT at Eclipse.org

* Open Health Tools organization will dissolve and become a
new HL7 “Open Source” work group in January 2016

 Model Driven Health Tools (MDHT) project has migrated to
Eclipse.org
— https://projects.eclipse.org/projects/modeling.mdht

 MDHT source code at Eclipse.org

— Initial contribution to Eclipse git repository completed in Nov 2015
* Core
* CDA tools
* FHIR profile import/export and design

 MDHT project intends to be active participant in new HL7 WG
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MDHT Roadmap

* MDHT on FHIR
— Profile design in UML, with terminology services

— Import/Export FHIR conformance resources
e StructureDefinition, ValueSet, DataElement, Operation, etc.

— Generate code from profiles: Java, Swift, ??

« C-CDA UML Models
— Maintenance support from ONC
— Java implementation, validation
e Contributions from NEHTA

— .NET generator for CDA UML
— Schematron generator for CDA UML

* Model & Instance Mapping: MDHT + MDMI
— Model-Driven Message Interoperability (MDMI) OMG Standard
— Part of Tues Q6 BOF: Mapping Languages for FHIR
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MDHT on FHIR: Initial Scope

 Define UML profile and representation for FHIR specs

* |Import FHIR StructureDefinition & ValueSet resources
— Datatypes, Core Resources, Constraint profiles, Extension
definitions
* Export FHIR StructureDefinition & ValueSet from UML
e MDHT Ul enhancements for FHIR profile design
— Reuse UML table editor (same as CDA editor)

— Add customized menu commands and property view tabs for
FHIR UML stereotypes

— Integrate FHIR terminology services for ValueSet design

* This initial feature set was supported by an ONC Federal
Health Architecture contract (summer 2015)
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Import FHIR DSTU 2+ to UML

[ Project Explorer 2% ¥ FHIR-dstu2.uml 2 |X| qgicore-patient. |X| uslab-patient.p |X| daf-condition.p |X| uslab-obsrange.
}: (]
) S-S l CIL R,
» l=-FHIR Diagrams Name Type Multiplicity Annotation Value
¥ 5> FHIR Models [mdht-fhir master] Vim FHIR DSTU2 _—
*® FHIR-dstu2.uml » B DataTypes
*H NewModel.uml » F] Extensions ; ; ;
P Filter View by Container
v = FHIR-DSTU2 » F1 Profiles T: . . y C
v (= examples > B Resources “%- Filter View by Resource
@ account-example(example).xml » £ ValueSets .
L&) account.profile.xml \Base Open With >
L&) address.profile.xml > B2 (XMLPrimitiveTypes) Delete
L4} age.profile.xml N
@ allergyintolerance-example-refu E-;EJ C°py

[ P
i allergyintolerance-example(aller —
L&) allergyintolerance-example(exat Import/Export FHIR > &8 Import FHIR Definitions

@ allergyintolerance-fishallergy(fis

: ¥ Validate
@ allergyintolerance-medication(rr =
7S . .
iﬁ.. aIIergylr?toleranf:e.proflle.xml Team >
@ annotation.profile.xml

OCL >

@ appointment-example-request(e
@ appointment-example(example)
@ appointment-example2doctors(
@ appointment.profile.xml
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HL7 FHIR Publication for Condition

Resource Content @

Structure UML XML JSON All
Structure
Name Flags Card. Type Description & Constraints
= Condition z DomainResource Detailed information about conditions, problems or
diagnoses
- () identifier > 0.. Identifier External Ids for this condition
- [4 patient z 1.. Reference(Patient) Who has the condition?
- [4 encounter z 0.. Reference(Encounter) Encounter when condition first asserted
- [ asserter z 0.. Reference(Practitioner | Person who asserts this condition
Patient)
dateRecorded z 0.. date When first entered
- () code z 1.. CodeableConcept Identification of the condition, problem or diagnosis
Condition/Problem/Diagnosis Codes (Example)
--[}) category z 0.. CodeableConcept complaint | symptom | finding | diagnosis
Condition Category Codes (Preferred)
clinicalStatus 21 0. code active | relapse | remission | resolved
Condition Clinical Status Codes (Preferred)
verificationStatus 20 1. code provisional | differential | confirmed | refuted | entered-in-
error | unknown
ConditionVerificationStatus (Required)
- [J) severity z 0.. CodeableConcept Subjective severity of condition
Condition/Diagnosis Severity (Preferred)
@ onset[x] z 0.. Estimated or actual date, date-time, or age
onsetDateTime dateTime
() onsetQuantity Age
-[__) onsetPeriod Period
) onsetRange Range
onsetString string
@ abatement[x] > 0.. If/when in resolution/remission
: abatementDateTime dateTime
1/10/2016 MDHT on FHIR
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FHIR Condition Resource in UML

1/10/2016

D

> /’ BackboneElement

=1 Properties 3% Problems

| JOX ) Resource - FHIR Models/FHIR-dstu2.uml - Eclipse Platform
i 7)) & > Select Associated Elements Qi v v =R ’ By B
8 |X| gicore-patient.profile.xml |X| uslab-patient.profile.xml |X| daf-condition.profile.xml |X| uslab-obsrange.profile.xml ¥ FHIR-dstu2.uml 5% =
B4 IR
- Name Type Multiplicity Annotation Value
g ¥ 4 Condition Detailed information about conditions, problems or di...
EE =) <<Definition>> <Comm...
= [=1 <<Description>> <Com...
- [=) <<ShortDescription>>...
> (=1 identifier Identifier 0.* z External Ids for this condition
F » (=] dateRecorded date 0..1 & When first entered
Fm] > (=] code ) CodeableConcept  1..1 2 [condition-code]? Identification of the condition, problem or diagnosis
E > (=1 category ) CodeableConcept  0..1 2 [condition-category]# complaint | symptom | finding | diagnosis
> =] clinicalStatus code 0..1 ?! Z [condition-clinical]# active | relapse | remission | resolved
> =] verificationStatus code 1.1 ?! ¥ [condition-ver-status]! provisional | differential | confirmed | refuted | entered-..
> (= severity ) CodeableConcept  0..1 z [condmon severity]# Sub]ectlve severity of condition
Ll @0t ot @ st e Porodesmated o s e, date e rsse T
> [=] abatement(x] ) DataType @ 3 (dateTime | Age | boolea... If/when in resolution/remission
> (=1 bodySite ) CodeableConcept 0.." 2 [body-site]? Anatomical location, if relevant
> =] notes string 0..1 z Additional information about the Condition
» ¥ patient [ Patient Vool z Who has the condition?
» ¥ encounter 4 Encounter 0..1 z Encounter when condition first asserted
> ¥ asserter 7 Resource 0..1 @ 3 (Practitioner | Patient) Person who asserts this condition
v ¥ stage Stage 0..1 z Stage/grade, usually assessed formally
> [=] summary _JCodeableConcept  0..1 Z [condition-stage]? Simple summary (disease specific)
» ¥ assessment 7 Resource 0.* @ 3 (Clinicallmpression | Dia... Formal record of assessment
| 2 /BackboneEIement
v ¥ evidence Evidence 0.* z Supporting evidence
» (=] code ) CodeableConcept  0..1 2 [manifestation-or-symptom]? Manifestation/symptom
» ¥ detail 4 Resource 0.* z Supporting information found elsewhere

= <<ElementDefinition, TypeChoice>> <Property> onset[x] : DataType [0..1]

| Type Choice
General
= o Class .
Bl SURR—— dateTime
Types Age
Documentation ) Period
Advanced _JRange
= string

Base Type
dateTime
Age
Period
Range
string

Profile
http://hl7.org/fhir/StructureDefinition/dateTime
http://hl7.org/fhir/StructureDefinition/Age
http://hl7.org/fhir/StructureDefinition/Period
http://hl7.org/fhir/StructureDefinition/Range
http://hl7.org/fhir/StructureDefinition/string

Aggregation
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UML FHIR Condition (Dynagram)

DomainResource
Condition

identifier : Identifier [0..*]{ Z }

patient : Patient [1..1]{ Z }

encounter : Encounter [0..1]{Z }

asserter : Resource [0..1] { Z (Practitioner | Patient) }

dateRecorded : date [0..1]{ X}

code : CodeableConcept [1..1] { Z [condition-code]? }

category : CodeableConcept [0..1] { Z [condition-category]# }

clinicalStatus : code [0..1] { ?! Z [condition-clinicall# }

verificationStatus : code [1..1] { ?! Z [condition-ver-status]! }

severity : CodeableConcept [0..1] { Z [condition-severity]# }

onslet[x] . D}ataType [0..1] { Z (dateTime | Age | Period | Range

string)

abatement([x] : DataType go..ﬂ { Z (dateTime | Age | boolean |
Period | Range | string) }

bodySite : CodeableConcept [0..*] { Z [body-site]? }

notes : string [0..1]{ X}

) FHIR®

stage
0.1

BackboneElement

Stage

summary : CodeableConcept [0..1] { Z [condition-stage]? }
assessment : Resource [0..*] { Z (Clinicallmpression |
DiagnosticReport | Observation) }

BackboneElement
Evidence

code : CodeableConcept [0..1] { Z [manifestation-or-symptom]? }
detail : Resource [0..*]{ X}
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FHIR Constraint Profiles in UML

* FHIR profile must have one base type:
— Core data type (e.g. Quantity)
— Core resource (e.g. Observation)
— Another profile (no limit to profiles constraining other profiles)
— See http://hl7.org/fhir/profiling.html

e MDHT UML modeling style for FHIR

— Define mapping for FHIR StructureDefinition and ValueSet to
UML model elements

— Reuse existing UML semantics, whenever possible (e.g. Property
subset or redefine)

— Define UML stereotypes for additional FHIR metadata
 UML modeling style is similar to MDHT CDA templates

1/10/2016 MDHT on FHIR 10
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[ X N J
[ ]
FHIR Profiles: DAF-ResultObs
-—
[ ]
¥ FHIR-dstu2.uml 32 | Xm FHIR-dstu2.uml |X| gicore-patient.profile.xml |X| uslab-patient.profile.xml |X| daf-condition.profile.xml |X| uslab-obsrange.profile.xml
Name Type Multiplicity Annotation Value
>y DAF-ResultList US Realm Result list
Vv 'y DAF-ResultObs US Realm DAF result observation
[=) <<Definition>> <Comment>
[=) <<Description>> <Comment>
[=) <<ShortDescription>> <Comment>
v =] identifier Identifier-1 0..* S
=] use code 1.1 S
=] system uri 1.1 S
=] value string 1.1 S
» # Identifier
=] status code 1.1 S
» (=] code __JCodeableConcept-1 1.1 S [uslab-obs-codes]+ US Realm Laboratory Test Name
> (= effective[x] ) DataType 0..1 (@ S (dateTime | Period)
P (= issued instant 0..1 S
> (=1 value[x] ) DataType 0..1 (@ S (Quantity | CodeableConcept...
[=1] dataAbsentReason ) CodeableConcept 0.1 S
P [= interpretation __JCodeableConcept-2 0..1 S [uslab-obs-interpretation]!
[=] bodySite __JCodeableConcept 0..1 S
» ¥ subject ' DAF-Patient 1.1 S
» A~ encounter 4" DAF-Encounter 0..1 S
» ¥ performer 4 Resource 0.x (&) (DAF-Pract | DAF-Organization...
» ¥ specimen ' DAF-Spec 0..1 S
> /’ referenceRange ReferenceRange 0..1
I — = N R _-
=] type code
» ¥ target 7 DAF-ResultObs Vool S US DAF Component observations
v /’Related
> =] type code 0..1 [observation-relationshiptypes]! has-member | derived-from | sequel-to | re...
» ¥ target [ Resource 1.1 @ (Observation | QuestionnaireRe... Resource that is related to this one
> /’BackboneEIement
» ¥ component Component-1 0.* S
> Identifier-1
» ) CodeableConcept-1
> ) CodeableConcept-2
> Related-1
> Component-1
{Z}inv-1 XPath f:matches(effectiveDateTime,Ad{4}-[01]\d-[...
> /’Observation
1/10/20 16 » |, DAF-SmokingStatus MDHT on FHIR Smoking Status Observation 11

> 4 DAF-Spec US Realm DAF Specimen Resource
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UML DAF-ResultObs (Dynagram)

DomainResource

Observation

identifier : Identifier [0..%]

status : code [1..1]{ ?! X [observation-status]! }

category : CodeableConcept [0..1] { [observation-category]? }

code : CodeableConcept [1..1]{ Z [observation-codes]? }

subject : Resource [0..1] { Z (Patient | Group | Device |
Location) }

encounter : Encounter [0..1]

effective[x] : DataType [0..1] { Z (dateTime | Period) }

issued : instant [0..1]{ Z }
rformer : Resource [0..*] { Z (Practitioner | Organization |
Patient | RelatedPerson) }

value[x] : DalaType [0..1] { Z (Quantity | CodeableConcept |
strin Rangel Ratio | SampledData | Attachment | time |
dateTime | Period) }

dataAbsentReason : CodeableConcept [0..1] { [observation-valueabsentreason}+ }

interpretation : CodeableConcept [0..1] { [observation-interpretation]+ }

comments : string [0..1]

bodySite : CodeableConcept [0..1] { [body-site]? }

method : CodeableConcept [0..1] { [observation-methods]? }

specimen : Specimen [0..1]

device : Resource [0..1] { (Device | DeviceMetric) }

DAF-ResultObs

identifier : Identifier-1 [0..'] {S}
status : code [1..1]{ S

related code : CodeableConcept-1 [1 1](s [uslab-obs-codes]+ }
0.. subject : DAF-Patient [1..1]{ S BackboneElement
BackboneElement encounter : DAF-Encounter [0.. 1] {S}
Related effective[x] : DataType [0..1]{ S (daleTlme | Period) } Component
issued : instant [0..1]{ S } code : CodeableConcept [1..1]{ Z [observation-codes]? }
type : code [0..1] { [observation-relationshiptypes]! } performer : Resource [0..*] { (DAF-Pract | DAF-Organization | value[x] : DataType [0..1] { = (Quantity | CodeableConcept |
target : Resource [1..1] { (Observation | DAF-Patient | DAF-RelatedPerson) } string | Range | Ratio | SampledData | Attachment | time |
QuestionnaireResponse) } value([x] : DataType [0..1]{ S (Quantity | CodeableConcept | dateTime | Period) }

string | Range | Ratio | SampledData | Attachment | time | dataAbsentReason : CodeableConcept [0..1] { [observation-valueabsentreason]+ }

dateTime | Period) }
dataAbsentReason : CodeableConcept [0..1]{ S}
interpretation : CodeableConcept-2 [0..1] { S [uslab-obs-interpretation]! }
bodySite : CodeableConcept [0..1]{ S }
specimen : DAF-Spec [0..1]{ S }

related
0.*

Related-1

type : code [1.1]{S }
target : DAF-ResultObs [1..1]{ S }

Component-1

code : CodeableConcept-1 [1..1]{ S [uslab-obs-codes]+ }

value[x] : DataType [0..1]{ S (Quantity | CodeableConcept |
string | Rangel Ratio | SampledData | Attachment | time |
dateTime | Period) }

dataAbsentReason : CodeableConcept [0..1]{ S }

referenceRange referenceRange
0.1 0.*

BackboneEIemeﬁt
ReferenceRange

low : SimpleQuantity [0..1]
high : SimpleQuantity [0..1]
meaning : CodeableConcept [0..1] { [referencerange-meaning]? }

1/10/2016 MDHT on FHIR  [ase:Range 0.1 12

text : string [0..1]
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FHIR Terminology Services

Resource ValueSet - Operations @&
This resource has 3 operations associated with it:
$expand Value Set Expansion

$lookup Concept Look Up

$validate-code Value Set based Validation
For more information about operations, including how they are invoked, see Operations.

Value Set Expansion &

The definition of a value set is used to create a simple collection of codes suitable for use for data entry or validation. If the operation
is not called at the instance level, one of the in parameters identifier, context or valueset must be provided. An expanded value set will
be returned, or an OperationOutcome with an error message.

Formal Definition (as a OperationDefinition).
URL: [base]/ValueSet/$expand

URL: [base]/ValueSet/[id]/$expand

In Parameters:
Name  Cardinality Type Binding | Profile Documentation

identifier 0..1 uri A logical value set identifier (i.e. ValueSet.url). The server must know the value
set (e.q. it is defined explicitly in the server's value sets, or it is defined implicitly
by some code system known to the server

valueSet |0..1 ValueSet The value set is provided directly as part of the request. Servers may choose not
to accept value sets in this fashion

1/10/2016 MDHT on FHIR 13
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Creating FHIR Value Sets

e

Name Type Multiplicity Annotation

¥ B2 FHIR Profile Model
» £ Extensions
b £ Profiles
» £ Resources
£ Test Profiles

V¥ £ Test ValueSets
> E ValueSet Class Vital Signs
» £ ValueSets . _ |
» &7 (FHIR-Core) ® 0 Search Concepts
» T2, (XMLPrimitiveTypes) Code System to Search

Code System v SNOMED CT
LOINC

Search by Des UCUM

Value

' Problems (@ Javadoc |G I
: .

Parent Observable entity (observable entity)

=] <<ValueSet>> <Enumeré wound

Members |
General

n Search by ID
FHIR *+| |Codl
Members Concept ID

Documentation yem
Advanced . Close

+h

1/10/2016 MDHT on FHIR
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Profile ValueSet Binding

T

Name Type Multiplicity Annotation
v B3 FHIR Profile Model

» £ Extensions
» £ Profiles
P £ Resources
V [ Test Profiles
v .Wound Observation

| = code __[@CodeableConce.. $ [Wound Measurements]+
[=] value[x] ) DataType (@ S (Quantity | CodeableConcept | string | Range | Ratio | SampledDat...
[=] bodySite ) CodeableConcept 0..1 S

>~ DAF-ResultObs
v £ Test ValueSets
> E ValueSet Class Vital Signs
> [E Wound Measurements
P £ ValueSets

Y

Problems [ Properties 53

= <<ElementDefinition, ValueSetBinding>> <Property> code : CodeableConcept-
|

General ‘ Strength: |extensible |v Description:  Wound Measurements
FHIR
T Select Value Set | | Search | | X | Wound Measurements (http://eclipse.org/mdht/fhir/ValueSet/wound+measurements)
ypes
I OR, Value Set URI:
Binding
BocinenGion ‘ Only ONE may be specified, value set reference or value set URI
Advanced Members
= Code Display System
401238003 Length of wound (observable entity) http://snomed.info/sct
# 401239006 Width of wound (observable entity) http://snomed.info/sct
—— 425094009 Depth of wound (observable entity) http://snomed.info/sct
o
e
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MDHT on FHIR: Next Steps

e Complete UML profile for FHIR

— Stereotypes for UML extensions and FHIR metadata

— Evaluate use of ISO 11179-3 MDR profile as part of FHIR profile
 Complete FHIR to UML mapping and import/export

 Complete customized Ul for editing UML FHIR profile models and
FHIR metadata

* Integrate FHIR terminology services

— Browse/search/create FHIR Value Sets

— Assign concept semantic meaning to FHIR elements
» Validate FHIR structure definition models

— Assure that UML FHIR profile models are valid structure definitions for
base resource/profile

* Generation of Java APIs for FHIR constraint profiles
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Questions for Implementers

* What can MDHT project do for FHIR that is of
most benefit to implementers/developers?

— FHIR profile design and artifact generation
— Java libraries
— Validation tools

* How would YOU like to get involved as a
contributor to Eclipse.org MDHT?



