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Background

openEHR is an open standard specification in health informatics
that describes the management and storage, retrieval and
exchange of health data in electronic health records (EHRS)

e Recently, openEHR systems have seen wider adoption in countries
such as Norway, Sweden, Slovenia and Russia.

— EMRs, EHRSs, Registries...

e Besides of its value to establish semantic interoperability, openEHR
might also help to integrate and facilitate secondary use on EHR
data:

— Cohort Identification / patient recruitments
— Clinical Decision Support
— Data Mining
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Background
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For secondary use, combining clinical data with knowledge is
sometimes necessary

Knowledge is often represented based on the formalism of the Web
Ontology Language (OWL).

While openEHR provides a formalism to bind elements of the
Information models to terminologies, it does not support a direct
access to formal ontologies for querying, reasoning etc.

Hence, Lezcano et al. developed a method to transform openEHR
concept definitions (Archetypes) to a formal representation using

the OWL [1]
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Background

However, transformation of actual clinical data to OWL still requires
the laborious, manual creation of mapping scripts for different data
types and database.
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Background

Research Question:

,Is it possible to automate the transformation of openEHR-based
clinical data into individuals of the Web Ontology Language? (OWL)"“
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Methods: openEHR

e A Comprehensive Semantic eHealth
Framework

e Enables a standard-based, detailed, canonical
representation of health data
— Computable
— Exchangeable

e Multi level modelling:

— Separation of clinical and technical aspects of
software development

— Constraints on a Reference Model (RM) are
defined using the Archetype Definition Language
(ADL).

e Benefit:

— Changes in the domain layer (archetypes) do
not cause changes in the reference model and
the underlying database!
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Methods: HaAMSTR Architecture
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Results: RM20OWL Architecture

openEHR|
l CDR J

RM20WL
1. Retri
0. Receive etrieve 2. Merge 3. Create 4. Semantic 5. Exportto
User Input —| Archetype 1= Ontologies Individuals Enrichment Triple Stor
P Qualifiers & P e‘u
| |
Knowledge Store : Rules : Terminologies /

G\, e Ontologies
aoLz0WL W & =) i |
Translator Archetypes I % | (¢SNOMED

openEHR : : (@) LOINC®
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Results: RM20OWL Transformation
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Results: RM20OWL Transformation

ID
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ADL2
Tran:

Tabelle: | | Archetype =1 8| %l NeueZele | Zeieloschen |
D ADL OWL =
| Filter | Filter Filter

1 |openEHR-EHR-CLUSTER.device.vl archetype (adl_version=14)... <?xml version="1.0"7> <rdf:R...

2 |openEHR-EHR-COMPOSITION.repert.vl archetype (adl_version=14)...

3 |openEHR-EHR-COMPOSITION.repert.v2 archetype (adl_version=14)...

4 |openEHR-EHR-EVALUATION.alert.vl archetype (adl_versicn=1.4)... <?xml versicn="1.0"7> <rdf:R...

5 |openEHR-EHR-CLUSTER.device_details.vl archetype (adl_version=14)...

6 |openEHR-EHR-OBSERVATION.nine_hole_pe... |archetype (adl_version=14)... <xml version="1.0"7> <rdf:R...

7 |openEHR-EHR-OBSERVATION.glasgow_co... | archetype (adl_version=14)... <2xml version="1.0"?> <rdf:R...

8 |openEHR-EHR-OBSERVATION.braden_g_sca... | archetype (adl_versicn=1.4)... <2xml version="1.0"7> <rdf:R...

9 |openEHR-EHR-OBSERVATION.glasgow_co... | archetype (adl_version=1.4)... <?xml version="1.0"7> <rdf:R...

10 | openEHR-EHR-OBSERVATION.body_temper... | archetype (adl_version=1.4)... <2xml versicn="1.0"7> <rdf:R...

11 | cpenEHR-EHR-EVALUATION.problem_diag... |archetype (adl_versicn=1.4; uid=cc3a20b3... | <?xml versicn="1.0"?> <rdf:R...

12 | openEHR-EHR-EVALUATION. health_risk.vl archetype (adl_versicn=1.4; uid=70€lc139... | <?xml version="1.0"?> <rdf:R...

13 | openEHR-EHR-OBSERVATION. height.vl archetype (adl_version=1.4)... <2xml versiocn="1.0"7> <rdf:R... =

14 | openEHR-EHR-QBSERVATION.body_weight.... | archetype (adl_version=1.4)... <2xml versicn="1.0"7> <rdf:R...

15 | openEHR-EHR-CLUSTER.specimen.vl archetype (adl_versicn=1.4; uid=48803d0f... | <?xml version="1.0"?> <rdf:R...

16 | cpenEHR-EHR-OBSERVATION.respiration.vl | archetype (adl_versicn=14)... <2xml version="1.0"7> <rdf:R... _'_I
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Results: RM20OWL Transformation
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Results: RM20OWL Transformation
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l CDR J

RM20WL
1. Retri
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<items x

<

</items:
</data>

pulse:ANY_EVENT

pulse:PULSE_MEA

pulse:R

pulse:RATE_DV_C

patient_1 type PATIENT
<data xsi:type="ITEM_TREE" archetype_node_id="at0001"> Iﬂks
<data archetype node id="at0002">
<name> — CASE
<value>data</value>
</name>
<origin xsi:nil="true" />
<events xsi:type="POINT EVENT" archetype node id="at0003"> —| COMPOSITION
<name>
<value>Messung</value>
</name>
<time> - pulse.:PULSE
<value>2010-04-30T15:02:00</value>
</time>
<data xsi:type="ITEM TREE" archetype node id="at0001">
— = = = pulse:HISTORY
<value>data</value>
</name>
<items xsi:type="ELEMENT" archetype node id="at0004"> TE DV QUANTITY
<name xs3i:type="DV_CODED TEXT"> -
<value>Puls</value>
<defining code>
<terminology id>
<value>local</value>
</terminology_id> QUANTITY_UNITS
<code string>atl026</code string>
</defining code>
Wi 07 NTITY_PRECISION
<value xsi:type="DV QUANTITY">
<magnitude>98</magnitude>
<units>/min</units>
<precision>0</precision>
</wvalue>
</data>
</events> 7 lue
----- Sup_vuruc .




Results: RM20OWL Transformation

openEHR
CDR

sche | Beschreibung |

TS '. A
ologien |

Terminclogie SNOMED International Clinical Terms. 2002 v _‘
Knotenl Komplexl W
Knoten Code Veroffentlichung il
L [» ManschettengroBe v | 246153002 2003 _I
E Systolisch ~ 163030003 2003 ]
Diastolisch v | 163031004 2003
Blutdruck ¥ | 163020007 2003
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patient_1 type PATIENT
<data xsi:type="ITEM_TREE" archetype_node_id="at0001"> Iinlks
<items xsi:type="ELEMENT" archetype_node_id="at0004"> L
<value xsi:type="DV_QUANTITY"> case_2334556 ——type—) CASE
<magnitude>98</magnitude> ]
<units>/min</units> I|r\|1/ks
<precision>0</precision> VITALSIGNREPORT 1 [—type—— COMPOSITION
</value> |
</items> links
</data> L
PULSE_1 type pulse.:PULSE
I
Observation_data
I
pulse:ANY_EVENT type ANY EVENT 1 k-events— HISTORY_1 [—type—4 pulse:HISTORY
I
event data
pulse:PULSE_MEASUREMENT type pulse:RATE_DV_QUANTITY
items
N
7 RATE_1 type
type
pulse:RATE — P | pulse:RATE_DV_QUANTITY_UNITS

value_element

pulse:RATE_DV_QUANTITY_MAGNITUDE

type  quantity_magnitude

quantity _units

real_value string_value

pulse:RATE_DV_QUANTITY_PRECISION

quantity_precision

int_value




patient_1 type PATIENT
<data xsi:type="ITEM_TREE" archetype_node_id="at0001"> “nlks
<items xsi:type="ELEMENT" archetype_node_id="at0004"> N
<value xsi:type="DV_QUANTITY"> case_2334556 ——type——> CASE
<magnitude>98</magnitude> ]
<units>/min</units> "r\l‘/ks
<precision>0</precision> VITALSIGNREPORT 1 —type COMPOSITION
</value> |
</items> links
</data> L
PULSE_1 type pulse.:PULSE
[
Observation_data
I
pulse:ANY_EVENT type ANY_EVENT_1 fK-events— HISTORY_1 [—type— pulse:HISTORY
I
event data
pulse:PULSE_MEASUREMENT type pulse:RATE_DV_QUANTITY
items
N
RATE_1 type

type
pulse:RATE = snomed:78564009 — |

value_element

pulse:RATE_DV_QUANTITY_MAGNITUDE

type

. . quantity_units
guantity_magnitude

real_value

string_value

pulse:RATE_DV_QUANTITY_UNITS

pulse:RATE_DV_QUANTITY_PRECISION

quantity_precision

int_value




GUFF_S@

-
;QEEGIFIG_LDGATIEED

//CS-LEEP_STAT@)

cnmroumuwa_mcm@

/_,Qnsmnb

DIASTOLIC Hie 'On examination - Diastolic blood pressure reading I{ﬁn:l_lﬂglf:)
3 o i
i
- . __\"\\.\ . - l. —a ) — T ——
@G.ﬂTAELE ITEM M—“—GLEMENT =] DIASTDLIG_ENDF‘DIN'_I:)
— - \Hq__d__/ _ o i a ‘“\-____ I
LA
isa _;ﬁE_AN_AHTEHIAL_F'HESSUH-E}
'\"‘-—_\____—______,-
isa — -
| ‘GGMMEND

isa T ee— ————
C:LM_E.&N_AH TERIAL_FRE SSUHE_FDHE'I_LLL_.EC)

@ is3 On examination - Systalic BF r!id;@)
o Han - Systolie BF =ading (find

T —

F'ULSE_F'HESSUHI;D

METHDI}D

(;_l__E:cATlc:N_UF_MEASUHEMENi)

31.05.2016 18



Results: RM20OWL Transformation

openEHR|
l CDR J

RM20WL
1. Retri
0. Receive etrieve 2. Merge 3. Create 4. Semantic 5. Exportto
User Input | Archetype 1= Ontologies Individuals Enrichment Triple Stor
P Qualifiers g P ! e‘i »
| |
Knowledge Store : Rules : Terminologies /

(N e Ontologies
aoL20WL we & =) i |
Translator Archetypes I % I ?SNOMED

openEHR : : (fl) LOINC®
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http://134.169.38.24:5820/myDB

Discussion

e Itis possible to implement a tool to automatically transform arbitrary
structured clinical data to OWL (no more need to adjust to new
requirements!)

e The terminology binding functions of openEHR enable automated
merging of its OWL representation with terminologies and ontologies

e However, the tool needs to be enhanced to support all entry classes
— Safe time and resources to provide medical data to researchers

e New opportunities:
— SPARQL
— SWRL (Decision Support?)
— Semantic Similarity
— Linked Open Data...
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Future Work

31.05.2016

Add functions to support all entry
classes

A function to preselect items would
help to avoid unwanted
transformations

A graphical user interface would make
It more easy to use.

Do some interesting research based
on the system ©

Birger Haarbrandt
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Thank you for your attention

Questions, Remarks,
Complaints?
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Links

Query Body Temperature
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http://134.169.38.24:5820/myDB!/query/prefix%20rdf%3A%20%3Chttp%3A%2F%2Fwww.w3.org%2F1999%2F02%2F22-rdf-syntax-ns%23%3E%0Aprefix%20owl%3A%20%3Chttp%3A%2F%2Fwww.w3.org%2F2002%2F07%2Fowl%23%3E%0Aprefix%20xsd%3A%20%3Chttp%3A%2F%2Fwww.w3.org%2F2001%2FXMLSchema%23%3E%0Aprefix%20rdfs%3A%20%3Chttp%3A%2F%2Fwww.w3.org%2F2000%2F01%2Frdf-schema%23%3E%0A%0APREFIX%20bt%3A%20%3Chttp%3A%2F%2Fmh-hannover.de%2Fknowledge%2FopenEHR-EHR-OBSERVATION.body_temperature.v1%23%3E%0APREFIX%20bp%3A%20%3Chttp%3A%2F%2Fmh-hannover.de%2Fknowledge%2FopenEHR-EHR-OBSERVATION.blood_pressure.v1%23%3E%0APREFIX%20puls%3A%20%3Chttp%3A%2F%2Fmh-hannover.de%2Fknowledge%2FopenEHR-EHR-OBSERVATION.pulse.v1%23%3E%0APREFIX%20resp%3A%20%3Chttp%3A%2F%2Fmh-hannover.de%2Fknowledge%2FopenEHR-EHR-OBSERVATION.respiration.v1%23%3E%0APREFIX%20cati%3A%20%3Chttp%3A%2F%2Fklt.inf.um.es%2F~cati%2Fontologies%2FOpenEHR-SP-v2.0.owl%23%3E%0APREFIX%20lab%3A%20%3Chttp%3A%2F%2Fmh-hannover.de%2Fknowledge%2FopenEHR-EHR-OBSERVATION.lab_test.v1%23%3E%0APREFIX%20patient%3A%20%3Chttp%3A%2F%2Fklt.inf.um.es%2F~cati%2Fontologies%3E%0A%0A%0ASELECT%20%3FmaxBT%20WHERE%20%7B%0A%20%20%0A%20%20%3Findiv%20a%20cati%3APatient%20.%0A%20%20%3Findiv%20cati%3Ahas%2Fcati%3Aobservation_data%2Fcati%3Aevents%20%3FBTevent%20.%20%0A%20%20%3FBTevent%20a%20bt%3AANY_EVENT%20.%0A%20%20%3FBTevent%20cati%3Aevent_data%2Fcati%3Aitems%20%3FBTelement%20.%0A%20%20%3FBTevent%20cati%3Aevent_time%2Fcati%3Adate_time_value%20%3FeventTime1%20.%0A%20%20%3FBTelement%20cati%3Avalue_element%2Fcati%3Aquantity_magnitude%2Fcati%3Areal_value%20%3FbodyTemperature%20.%0A%0A%20%20%20%20%20%20%0A%20%20%20%20%20%20%7D

openEHR Archetypen Il
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Q) Pulse Pressure B
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=it T Comment F
"4 Exertion
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= T Sleep status Blood Pressure .
2Qn [T:g Location S
T Method 5

=" any event

Events
[E ¥ 24 hour average >—-f
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Methods: openEHR Multi-Level Modelling

ONTOLOGIES

MODELS | SYSTEMS

USER SCREENS

| Blood Pressure
@) siting

Free text A
4|

TEMPLATES | Presentation/GUI

e

ARCHETYPES Business Logic

DATABASE

REFERENCE MODEL Persistence
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