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Pre-Requisites for Code Along

Docker Desktop
https://www.docker.com/products/docker-desktop/

Image
docker pull hapiproject/hapi:latest

Github
https://github.com/advancedconcepts/Omnis-FHIR



https://www.docker.com/products/docker-desktop/
https://github.com/advancedconcepts/Omnis-FHIR

About Me

Stefan Csomor csomor@advanced.ch
Using Omnis since 1986

Medical Doctor & Ba CS

Snomed & FHIR



Agenda

Short Introduction to FHIR
Omnis Code with Examples
Code / Demo

Q&A



Short Introduction to
AHL7 FHIR

https://www.hl7.org/fhir



https://www.hl7.org/fhir
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* Cloud based
* Query driven
* Open API

* JSON (+XML)
- HTTP/REST

State of the Art

New vision |
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* Fast ///A
* Low Barrier of Entry / Implementors in mind | .

* Healthcare

+ boman ®oMnIisSstudio
* Interoperability
* Not Modelling but Interchange

* Resources
* Building blocks



Mar 26, 2023
May 28, 2022

Dec 27, 2018

Feb 21, 2017
Oct 24, 2015
Sept 30, 2014

FHIR Versions

Release 5 (Trial use - see below for discussion)

Release 4B: Staging release of modifications in
specific areas

Release 4 (1st Normative Content + Trial Use
Developments)

Release 3 (STU - Standard for Trial Use)
DSTU2 (Second Draft Standard for Trial Use)
DSTU1 (First Draft Standard for Trial Use)



FHIR Manifesto

For Implementors

80/20 % Rule

Established Web-based Technologies
Human Readable (JSON at least ;-)
Strong Community



Exchange

REST most widely used
But other possible
FHIR data the same



Lego Bricks for building Resources

+ Simple/Primitive
- Single Value
 Lower Case

- Datatypes
- Composed
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Resources http://hi7.org/fhir/resourcelist.html
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Resource Descriptions
eg https://hl7.org/thir/patient.html

* Name Flags Card. Type Description & Constraints
Patient N DomainResource o Information about an individsal or animal receiving health care services
e Elements defined in Ancestors: id, meta, implicitRules, language, text, contained
) identifier z 0.* Identifier An identifier for this patient
acuve e 712 0.1 boolear whether this pauent's recorc Is in active use
] name o z 0.* HumanName A name associated with the patient
) telecom z 0.* ContactPoint A contact detail for the individual
gender z 0.1 code male | female | other | unknown
Binding: AdministrativeGender (Required)
birthDate z 0.1 date The date of birth for the individual
1) deceased([x] e fMnZ 0.1 Indicates if the individual is deceased or mt
deceasedBoolean boolea
deceasedDateTime dateTime
) address z 0.* Address An address for the individual
| maritalStarus 0.1 CodeahleConcapt Marital (civil) status of a patient

Binding: Marital Status Codes (Extensible)



Inheritance
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- Patient
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Metadata

Narrative

Extensions

Data elements



*0.." = Collections
*1.. 1 = mandatory
-*O .. 1 = optional

=} communication

) language

preferred

Cardinality

0“?-

il

0..1

BackboneElement

CodeableConcept

boolean

A language which may be used to communicate with the |

The language which can be used to communicate with the
Binding: All Languages (Required)

Additional Bindings Purpose

Common Languages Starter Set

Language preference indicator

. But additional constraints in the description

A
UniqueKey Level Location Description

Expression

L) pat-1 Rule Patient.contact SHALL at least contain a contact's details or a reference to an name.exists() or telecom.exists() or address.exists() o:

organization



Elements

Slmple Types (lowercase, field symbol)

¥ lei) active 7z 0.1 boolean Whether this patient's record is in active use

’?! = modifier attributes (important for meaning, cannot be ignored)
2 = part of summary

Datatypes
«(Z 7'1‘1 talStatus 0..1 CodeableConcept Marital (civil) status of a patient

Binding: Marital Status Codes (Extensible)



Partial Dates

date and datetime simple types can contain some partial date

formats

Only year
YYYY

Only year and month
YYYY-MM

Other variants (eg unknown year and unknown month but
known day) only via extensions

the types instant and time do not have such partial values
allowed



Polymorphic Elements

element can hold different types
elementnamelx] : [X] replaced by concrete type

-I_J u?kecaas.ed[_:(_ 2% 0.1 Indicates if the individual is deceased or not
' deceasedBoolean boolean
deceasedDateTime dateTime

both in XML, as in JSON

"deceasedDateTime" : "2015-02-14T13:42:00+10:00",

<deceasedDateTime value="2015-02-14T13:42:00+10:00"/>



Resource ldentity

* Within the Resource Type: id

Name Flags Card. Type Description & Constraints
‘N n/a Base Resource
z e j Logical id of this artifact

* Complete URI
https://exampleserver.omnis.net/Patient/alb2c4-d5e6

N © O

endpoint resource type [logical] id

* Other Identifiers ...

-()) identifier = 0..* Identifier An identifier for this patient



Name
Observation

—
.

;) identifier

’ [4 subject

Linking Resources / References

Fla
N

gs

Card. Type
DomainResource
0..* Identifier
0..1 Reference(Patient | Group | Device

| Location | Organization |
Procedure | Practitioner |
Medication | Substance |
BiologicallyDerivedProduct |
NutritionProduct)

Description & Constraints

Measurements and simple assertions

+ Rule: dataAbsentReason SHALL only be pres:
+ Rule: If Observation.component.code is the ¢
SHALL NOT be present (the Observation.compc
+ Rule: bodyStructure SHALL only be present ii

Elements defined in Ancestors: Id, meta, implic
modifierExtension
Business Identifier for observation

Who and/or what the observation is about



{

}

Literal References (via URLS)

Relative URL (Service Base URL) Internal Fragment Ref

"subject" : { (contained Resource)
"reference"” : "Patient/f001", A o "
resourcelype” : "Condition”,
"z ' ' n - s u.
display” : "P. van de Heuvel il
}_’ "resourceType” : "Practitioner”,
"néme" : f{.
“family"™ : "Person”,
AbSOIUte URL "given" : ["Patricia”]
1
X 1,
"profile” : { "p?rt1ctpanf" : [{
"reference” : "http://fhir.hl7.org/svc/StructureDefinition/c8973a22-2b5b-4e76-9c66-00639c99%¢61b" fgnctl?n i { Y
} text” : "Asserter
}'
"Tctor“ ol
}
}H
}]

}



Extensions

For the 20% not reflected in the Resource Description

Small extra bits of data
Useful or necessary in your country / your project / use case

{

"resourceType" : "Patient",
"id" : "FranzMuster",

"extension" : [{
"url" : "http://hl7.org/fhir/StructureDefinition/patient-birthPlace",

"valueAddress" : { "city" : "Paris", "country" : "Frankreich" }
%
"url" : "http://fhir.ch/ig/ch-core/StructureDefinition/ch-core-patient-ech-11-placeoforigin",
"valueAddress" : { "city" : "Koniz", "state" : "BE" }

2



Profiles and Implementation Guides

FHIR Resource/Datatype + Extensions + Constraints

= Profile
{

"resourceType" : "Patient”,
"id" : "FranzMuster",
"meta" : {
"profile" : ["http:/fhir.ch/ig/ch-core/StructureDefinition/ch-core-patient"]
¢

Implementation Guide
Describe how to use in a particular data exchange / how to get it right



Searching

- REST Standard

GET with Query
or

POST with Params
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Security

Authentication
for Web oAuth?2

Authorization/Access Control with Security Labels
Audit Log

Extensive Details at https://www.hl7.org/thir/security.html



https://www.hl7.org/fhir/security.html

Test Servers: Public or Local

Just started looking
for a FHIR Server?

Want to test
only high-level
functionalities?

Do you want
saa the full
potential of

Firaly Server?

Want to
connect
your own
server?

FIRELY
SERVER
TRIAL

Just the
PUBLIC basics
ENDPOINT
Create
requests
FIRELY
- SERVER
TRIAL
Just the
PUBLIC basics
ENDPOINT ——

requests

SWAGGER
Ul

POSTMAN

SWAGGER

POSTMAN




Public

* List at https://confluence.hl7.org/display/FHIR/Public+Test+Servers

Select by needed features, eg Authentication through Smart on FHIR

* https://server.fire.ly/r4 (/r5 etc ...)

* http://hapi.thir.org (Web Ul)


https://confluence.hl7.org/display/FHIR/Public+Test+Servers
https://server.fire.ly/r4
http://hapi.fhir.org/

Local

* https://github.com/hapifhir/hapi-thir-jpaserver-starter

Or

* https://hub.docker.com/r/hapiproject/hapi

docker pull hapiproject/hapi:latest
docker run -p 8080:8080 hapiproject/hapi:latest

http://localhost:8080 (right now at version 4.0.1)



https://github.com/hapifhir/hapi-fhir-jpaserver-starter
https://hub.docker.com/r/hapiproject/hapi
http://localhost:8080/

Omnis on FHIR®



Real World Usage

Until 2020 First only personal interest
https://github.com/advancedconcepts/Omnis-FHIR

2021 Swiss Covid-19 Vaccination Portal offers FHIR API
(although incorrectly handling addresses!)

Since 2023 connecting own Practice Information System to
Electronic Patient Record Domains using FHIR


https://github.com/advancedconcepts/Omnis-FHIR

Supporting Classes in fhir.lbs

oFHIRContext
(Holding concrete FHIR Version, convenience methods)

oFHIRClientEndpoint
(REST Client)

oFHIRBridge
(Translation ,native’ « FHIR representation)

oFHIRServerEndpoint
(REST Server) not within scope of this presentation



Generated Code for FHIR Type:

fhir_tools.lbs generates one

FHIRGelkzrator Wind

Process Definitions...

Create Test Patient

fhir_XX.IbS from JSON < = v = v [ cefinitions, son

FHIR Definition files of each release |

Pre-Generated for STU3, R4, R5

So only for future versions or
when handling is modified



Omnis FHIR Type System

Many Simple/primitive Types

As elements mapped onto native Omnis Types

instant, time

date, datetime (partial dates)
base64binary

integer, unsignedint, positivelnt
Integer64

decimal

uri, oid, uuid, canonical, code,
markdown, xhtml, id

kDate / kTime

kCharacter, $assign “polymorph®
kBinary

kinteger/k32bitint
kinteger/k64bitint
kNumber/kFloatdp

kCharacter



Omnis FHIR Type System (cont)

Modelled after FHIR Standard -> oFHIRBaseElement in FHIR.LBS

For all (including simple types as objects):

FHIR Name kept (including casing), prefixed with ,0’
Patient -> oPatient, boolean -> oboolean

Object References used throughout
Indicate Type using a fixed version in Omnis IDE for autocomplete

For CodeSystems code classes prefixed with ,cs' are used
Do code method csGenderldentity/$male ...



oFHIRContext

Challenge: Handling different FHIR Versions (fhir_xxx.lbs)

Version depends on the target system(s)
Multiple version at work at runtime

Indirection through instances oFHIRContext
Using Version String or version number as constructor argument

Convenience Methods for Resource Creation



Code / Demo



Open fhir_sample_client.lbs

Open oSampleClientEndpoint.$createPatientOnServer



Set up FHIR Context

In $createPatientOnServer

Set up FHIR Context (base class methods)

eg. to ,r4"
Calculate $cinst.$context as ‘r4’

Verify context
If $cinst.$context().$isvalid()

End If



Create Resource

Setup
Add local variable nativePatient (Row, sSamplePatient)
Add local variable patient (Object Reference, fhir_r4.oPatient)

1 nativePatient Row sSamplePatient
! , - .
(2 patient Object refer & |

UULU'J II&LIVUI CALIVIIL LALLL

Do method setupNativePatient (nativePatient)

In the $isvalid() branch

Create Resource by FHIR Typename
Calculate patient as $cinst.$context().$createResource('Patient')



Set Attributes

In the $createPatientOnServer1
Do $cinst.$patientToResource($cinst.$context(),nativePatient.$ref,patient)

In the $patientToResource method

We copy all attributes

from the native representation pNativePatient (ltem reference)
into the FHIR Resource pFHIRPatient (Object Reference)
Since we will have to create new resources we also have
pContext (Object Reference)



Simple Attributes

Name Flags Card. Type Description & Constraints
Patient [E DomainRescurce Informaticn about an incividual cr animal res

Elements definec in Ancestors: id, meta, im:

i (D identifier b1 0.4 Identifier An identifier for this patiant
] active 2 Ca noolean Whether this patient's record is in active use
i~ (D) name 2 0..* HumanMName A name associated with the patiant
2) telecom z C.." ContactPoint A contact detail for the incividual
z 0.1 cod mae | femele | other | unknown
Binding: AdministrativeGender (R«
2 ..l jate ihe date of birth for the irdvidua

# Assignment: id
Calculate pFHIRPatient.id as pNativePatient.samplelD

# Assignment: birth
Calculate pFHIRPatient.$birthDate as pNativePatient.sampleBirth

# Switch matching codes: gender
Switch pNativePatient.sampleSex
Case 'M’
Do code method fhir_r4.csGenderldentity/$male Returns pFHIRPatient.$gender
Case 'F’
Do code method fhir_r4.csGenderldentity/$female Returns pFHIRPatient.$gender
Default
# if we do not know, we do not set
End Switch



Name
¥ Fatient N
) ’ b2
L2 [ 3
J1
2 Leleco
i nde
| b Date b3
D ascen ?
-1 deceasedBoalesn
JeceasedCaleTime
) address b3

Flags Card.

o T e T o T )

Type

Description & Constraints

Infcrmaton abcyt an mcvidua' or an
Flaments definec in Ancestors: id, mu
An identifier for this patient

Whether th s patent's record 15 in act
A name associaled with the patient
A conlact delail for the indvidual

male | female | ather | unknown
AdministrativeGenader (-:l 4 'n".)
The date of hirth far the individua

Indicates If the individual is deceased

An address for the Individua

Marital [civil) status of a patient
. ’e )

Name

Flags Card. Type

I N

b3

0..

Element

(':‘-"\R@I

b3
pa

Complex Attributes (Card ..1

Description & Constraints

Concept - reference to a terminology or just text
Elements defined in Ancestors: id, extension
Code defined by a terminology system

Plain text representation of the concept

* if not set, a new instance gets created automatically upon accessing

Calculate codeableConcept as pFHIRPatient.$maritalStatus

Switch pNativePatient.sampleMaritalStatus

Case 'U’

Calculate codeableConcept.text as "unmarried"

Default

# all other cases should be handled as well

End Switch



Addmg to Collectlons (Card >

codeableConce Object refer & fhir_rd.oCodeableConcept
2 ckding Object refer & fhir_r4.0oCoding
_ Name Flags Card. Type
IN Element
Name Flags Card. Type Description & Constraints
CodeableConcept Z|N Element Concept - reference to a terminology or Just text b3 0..1
Elements defined in Ancestors: tens s 0.1
0.* Coding Code defined by a terminology system - '
0..1 Plain text representation of the concept - 2 0..1 (
b3 0..1 r
b3 0..1

Create Element, then use the add ... method
Calculate coding as pContext.$createResource("Coding")
Calculate coding.code as U'
Calculate coding.system as 'http://terminology.hl7.org/CodeSystem/v3-MaritalStatus'
Calculate coding.display as 'unmarried’

Do codeableConcept.$addcoding(coding)

Convenience method

Description & Constraints

A reference to a code defined by a tcrmmo!oqy system
Elements defined in Ancestors: tensi
Identity of the terminology system

Version of the system - if relevant
Symbol in syntax defined by the system
Representation defined by the system

If this coding was chosen directly by the user

Calculate coding as pContext.$createcoding('http://terminology.hl7.org/CodeSystem/v3-MaritalStatus','U’,'unmarried")



Adding to Collections cont.

Name Flags Card. Type Description &k Constraints Name Flags Card. Type
Patient m Domainkesource Infcrmat.cn about an mcdiviadual or animal re HumaniNeme ¥ m RAemert
Slemets Jdelined in Ancestors: id, mela, M ;
_;l identifie’ )] 0..= Idantther An identifier *or This pabient - 1UISF Y oNn ar
H
MWE 0.1 boces- Whethe- this patient's record is in active ust > sexk I 0.1 sxinz
s 0.7 HummgName A name assaciatad with the patent s Family x .2  sons
> D B
‘! Variable Type Subtype
|1 [reme Object reference 4 |

Descnption & Constraants
Neme of 2 human ar athes Iiving antity - parts Sad ushge

Llerments definad m ANCestors: id, 2x2ension

usunl | afcial | temp | nickname | anamamrsas | o4 | malden
Birding: NaraUse (Reguired)

Text regresentztion of the full nars

Farily name |often called 'Ssumame )

Gwsy namras [neT abways rst ). Incdudes muddis namss
This repeating element order: Glvan Nomes appear In the correct arde

* Or use the add ... method without param * For simple types direct add

— creates new instance

# direct parameter (especially elegant for primitive types)

# calling add... to get a new instance (object ref)

Calculate name as pFHIRPatient.$addname()

Calculate name.$use as 'official'

Calculate name.$family as pNativePatient.sampleLastname

Do name.$addgiven(pNativePatient.sampleFirsthname)



|dentifiers (not the id element)

Name Fings Card. Type Description & Constraints ”‘9" Card. Type Description & Constraints
Patient (n] NemainResoures Tnfarmatica abaut an individual o~ animal rec identifier ¥ [N Elememt An identifier interded for computation
1 + Warming: Jden!ifier with ne value has lmited ulity. IF communiceting
; Elerments Jefined in Anceslors: id, mela, mol the value eermen! SHOULD be present with an exlension indiceling the
=13 idenlLilier I 0..* Identilier An Wentifier for Lis patient
! Elernenis deflined in Ancestors: id, extension
, -~ use ME 0.1 cuxde usual | officie | lerng | secondary | old ( T knewn )
Binding: Identifie-Use (Recuired)

r 2 addreSSteXt CharaCter 100000000 =) type b 3 0..1 CodeableCorcept Description of identfier

i = fh 40 | ONCe Binding: .dertfie Type Codes (Lxtensible)
3  codeableConce Object refer & fhir_r4.oCodeableConcept — i Baroasce far tha Markifer velise
14 coding Object refer & fhir_rd.oCoding ~iZvelve I[€] 0.1 string The value thal s unigue

2 4 2 - 241 ) sriod i ou i .' [ " \

!5 i entlfler Ob]ect refer 'C" fhir rd.oldentifier M pericd z 0..1 Peri ime period when id is/was valid for use

X = 4 assigner X 0..1 Reference(Organizatior) Organization that Issued d (may be just text)
16 name Object refer & fhir_rd.oHumanName
| 'Task |Class |Instance |Local | Parameter | Documentation |

- Eg MR (Medical Record Number) is mandatory in many situations

Calculate identifier as pFHIRPatient.$addidentifier()

Calculate identifier.$use as 'usual’

Calculate identifier.$system as "http://www.myomnisfhirsample.org/"
Calculate identifier.$value as pNativePatient.sampleUUID

Calculate codeableConcept as identifier.$::type()

Calculate coding as codeableConcept.$addcoding()

Calculate coding.$system as "http://terminology.hl7.org/CodeSystem/v2-0203"
Calculate coding.$code as "MR"



Profiles

* Profiles indicate the «contract» a resource conforms to

A
o £} ’ r/ \l“v

5 meta Object refer ¢

Calculate meta as pFHIRPatient.$meta()
Do meta.$addprofile("http://fhir.ch/ig/ch-core/StructureDefinition/ch-core-patient")
Do meta.$addprofile("http://fhir.ch/ig/ch-core/StructureDefinition/ch-core-patient-epr")



Pol morphlc Elements

Nama fla-\ Card. Ty Dascription & Constraints
Patiant W Coamair esource Infarmation abaut an incdiv dual or animal receiving hea'th care services
' Elements defined in Ancestars: id, met, implicitRules, language, text, containe
:. 2 identi I 0..* Identifier An identifier for this oatient
L) active T o0 hac ean Vinether this patient's recoed is in active use
~ ~ hame i 0.." HumarName A name assooated with the patient
-3t ' I 0. CunbadPuinlt A comlact delail for Lhe individual
:r~ gen der - 0.1 code me e | fernale | other | unknuwn
! AuminislraliveGender (Reguired)
50 birthDate I 0.1 dale The date of birth for Uhe ind vidua
\; @ deceased[x) T 0.0 Indicates # the Individual Is deceased or not
: | deceasadBonlean haciean
E -1 decensedDatelime date Time
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If pNativePatient.sampleDeathdate<>
« create either a boolean

Calculate polymorph as pContext.$createSimpleType('boolean’)
Calculate polymorph.$value as pNativePatient.sampleDeathdate<>"

* or adate

Calculate polymorph as pContext.$createSimpleType('date’)
Calculate polymorph.$value as pNativePatient.sampleDeathdate

+ which is assigned to the element ‘deceased’

Calculate pFHIRPatient.$deceased as polymorph
End If



Extensions

1 address Object reference © fhir_r4.oAddress

4 extension Object reference & fhir_r4.oExtension

Calculate extension as pFHIRPatient.$addextension()

Calculate address as pContext.$createResource('Address')
Calculate address.city as pNativePatient.samplePlaceOfOriginCity
Calculate address.state as pNativePatient.samplePlaceOfOriginState

Calculate extension.url as 'http://fhir.ch/ig/ch-core/StructureDefinition/ch-core-patient-ech-11-placeoforigin'
Calculate extension.value as address



Dealing with References

* Create References

(... practitioner resource setup)
Calculate pFHIRPatient.$generalPractitioner as pContext.$createReference(practitioner)

* Create Internal References
(contained Resource, outside scope of this presentation)

Do docRef.$addcontained(pSubSetAuthor)
Do docRef.$addauthor(pContext.$createInternalReference(pSubSetAuthor))
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Getting the Data out of a Resource

$asxml/$asjson() returns a text in the respective format
$astext(format) as generic method

<7xml wersion="1.0" encoding="UTF-8"7> Calculate resi 1+{

v Patierds “http://hl7.org/fhir"> 2 "resourceType”: "Patient”,
<name> 3w "name" : [
<use "official"/> 4 < {
<family "Doe" /> 5 "use" : "official"|
<given "John"/> 6 "family" : "Doe",
</name> 7 "given" : [
<gender "male"/> 8 "John"
<birthDate "1989-02-01"/> 9 ]
mari +nl Sentnic. 1 }
11 1,
12 "gender"” : "male”,

13 "birthDate"” : "1989-02-01",



Communicating with a REST Server

Setup Authentication
Most often oAuth2 (nothing special here)

Setup FHIR Server Base URL

Calculate $cinst.$baseURL as 'http://localhost:8080/fhir’



Pushing Data on a REST Server

Convenience Method

Calculate format as 'json’
Do $cinst.$POSTResource('Patient’', patient, format) Returns response

Or even more convenient

Do $cinst.$POSTPatient(patient,format) Returns response

If left(response.$statusCode(),1)="2’

OK message Success {Resource Createds Call returned [response.$statusCode()]}
Else

OK message Error {HTTP Call returned [response.$statusText()] ([response.$statusCode()])}
End If

Test with browser

http://localhost:8080/fhir/Patient?family=Muster



Querying a REST Server

* Convenience Method

Do $cinst.$GETResource('Patient?family=Muster',format) Returns response

If left(response.$statusCode(),1)="2’

Calculate content as utf8tochar(response.$content())

Calculate bundle as $cinst.$context().$createFromText(content,format)

OK message Success {Search Query returned [bundle.total] Elements}
Else

OK message Error {HTTP Call returned [response.$statusText()] ([response.$statusCode()])}
End If



Maybe some
Refactoring...



Translation

Ingredient: Subclassed oFHIRBridge

Move methods to your subclass

$patientToResource(pContextRef, pNativeResourceRef, pFHIRResourceRef)

Variable Type Subtypa
1 pContext Object refer &
2 pNativePatient item referenmedical.TPatient
3 pFHIRPztient DObject refer

R

Task |Cless | Instance | Local |Paremeter [Docurentation

This is called eg from oFHIRClientEndpoint‘s

$createPatientResourceFromNative



POST for creation

Do $cinst.$createPatientResourceFromNative(iCurrentPat.$ref) Returns patientResource

Do $cinst.$POSTResource('Patient’, patientResource,format) Returns response



Setting up Resources

Ingredient: Subclassed oFHIRBridge

(Translating between ,native“ and ,FHIR* Representation, see next slides)

Subclass oFHIRClientEndpoint

Call Translation

Do .$patientToResource( ,pNativePatient.$ref,patient)



Q&A



