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The SemanticHealthNet project

<N
v

Medical University of Graz

' European Commission sponsored Network of Excellence in
Semantic Interoperability

2 Dec 2011 to Nov 2014

2 3m Euro

B 17 partners

© >40 internationally recognized experts

' Main challenge
© Driven by clinical and epidemiological use cases

£ Demonstrate the feasibility of a generalized and scalable methodology
for enabling semantic interoperability
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Semantic Interoperability (S10p)

Debnition: OSemantic interoperability means
ensuring that the precise meaning of

( - !

exchanged information is understandable by
any other system or application not initially ki
developed for this purposeO

(EC Recommendation, COM(2008)3282 bnal)

Barriers: Clinical Information can be heterogeneously
represented by using dilerent combinations of:

Information models (1),

terminologies / ontologies (2), or
dilerent encodings within the same (1) or (2) of the same system
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Information model / Terminology
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' Information model ' Terminology representation
representation SNOMED CT

£ 395099008 |cancer conbPrmed|

[+]«Diagnosis

[+-data [1]
0 . I ] 0 | BIA | 0 *+ _
[+ | VHHRTNOR, -
Terminology concept Information entity
T Status @ confirmed [V
' Information model /
Terminology representation
[+]« Diagnosis ] /#%) _4
7

[+-data [1] _
/ Terminology concept
T Diagnosis cancer

T Status | confirmed ]V
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SNOMED CT & SemanticHealthNet
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The standard terminology used in the project
Advantages:
- Complete and comprehensive

- Reference terminology

- Multilingual

- Wide adoption in Europe

- Ontological underpinning using OWL EL

Drawbacks & challenges:
- Some clinical terms contain information entities aspects

- Semantic patterns debPnition

- OCancerconbrmedO

- ODiabetes mellitus excludedO

- OPast history of myocardial infarctionO
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SNOMED CT & SemanticHealthNet
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Drawbacks & challenges:
- Ambiguity in the use of some clinical terms

- Guide of Use
- 72313002 |systolic blood pressure| observable entity

- 163030003]on examination - Systolic BP reading| clinical Pnding

- Reasoning with a large ontology
- Extraction of appropriate subsets
- Expressivity limitations of OWL EL  proble

- Use of SNOMED CT (subsets) as domain ontology  in our
framework, to which more expressive ontological components are
added (requiring, e.g. negation and value restriction)
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Structural / Semantic models
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' OSince elective communication of information requires both
structure and terminology, the challenge is to dePne an
Interface between structural and semantic models so that they

form part of a common model of meaning O
SNOMED CT Technical Implementation Guide

representation of the
common model of meaning!

> Use of ontologies for the
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Ontologies for unambiguous
clinical information representation
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Provide an instrumentto categorize and describe the entities
of a domain and their relations

Disambiguate the meaning of terms and uniquely identify the
meaning of concepts In a given domain of interest

Facilitate knowledge transfer by excluding unwanted
Interpretations through the usage of formal semantics

Allow detecting equivalent expressions by logical inferencing
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SemanticHealthNet approach
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' Debpnition of a shared logical framework:

HL7 CDA
Model

DL Annotation| | DL Annotation| | DL Annotation

Top-level
ontology
BioTopLite

EHR

_ Information
Domain ontology entities

SNOMED CT ontology Ontology

OWL DL
reasoner

(Query System)
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DL Annotations:
Information about lung cancer

Medical University of Graz

DL Pattern
' InformationEntity(#% - (isAbout(&%01(2Disease(#% - (hasLocus("& , -(BodyPart]((

P ? 1 1

= HR/ Cancer Lung

| FEY !

Medizinische UniversitSt Graz, Auenbruggerplatz 2, A-8036 Graz, www.medunigraz.at

10



DL Annotations:
Information about lung cancer

Patient X

DL Pattern
' InformationEntity(#% - (isAbout(&%01(2Disease(#% - (hasLocus("& , -(BodyPart]((

P ? 1 1

S Cancer Lung

' f !
- R | ﬂ 3
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DL Annotations:
Information about lung cancer

How do we relate the
patient with the disease?

Patient X

DL Pattern
' InformationEntity(#% - (isAbout(&%01(2Disease(#% - (hasLocus("& , -(BodyPart]((

P ? 1 1

e Cancer Lung
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DL Annotations:
Patient with lung cancer

Clinical Situation definition:
phase of a patientOs life, during
which he/she is bearer of (some
combination of) pathological
conditions.

PatientOdife

r )
v@ | Lung
has disease b has body Iocatiog '
Patient X -
U J

SituationOfPatientWithLungCancer equivalentTo
processualPartOf some (BiologicallLife and
hasParticipant some (HumanOrganism and
locusOf some (Cancer and
hasLocus some Lung)))

V4

DL Pattern\

InformationEntity(#% . (isAbout(&%01(SituationOfPatientwWithLungCancer(((

4
24
24

~
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DL Annotations:
Patient with lung cancer

Clinical Situation definition:
phase of a patientOs life, during
which he/she is bearer of (some
combination of) pathological
conditions.

But when was this situation
recognized and recorded in
the EHR? Who recorded it?
Where?, etc...

EHR

N\
AN

PatientOdife

r )
@ | Lung
has disease b has body Iocatiog '
Patient X -
N J

SituationOfPatientWithLungCancer equivalentTo
processualPartOf some (BiologicallLife and
hasParticipant some (HumanOrganism and
locusOf some (Cancer and
hasLocus some Lung)))

V4

DL Pattern\

InformationEntity(#% . (isAbout(&%01(SituationOfPatientwWithLungCancer(((

4
24
24

~
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DL Annotations:
Patient with suspected lung
cancer diagnosis

PatientOdife

~
£ | Lung
v has disease b has body Iocatiog E
.y ? /] \
fatlentX V),

&
- \ DL Annotation /'

N InformationEntity(#%. (isAbout(&%Ol(ZSituationO;‘PatientWith LungCancer
and outcomeOf some (DiagnosingAction
and pointinTime some PointInTime
and hasParticipant some (HumanOrganism and
bearerOf some ClinicianRole)
and hasLocus some HealthCareFacility))
and hasQuality some Suspected
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' A semantic interoperability example:
B Suspected heart failure diagnosis caused by physical exercise
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Example:
Suspected heart failure diagnosis
caused by physical exercise
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' Three heterogeneous representations of the same statement

Organ Failure Diagnosis Diagnosis Diagnosis
Organ Heart l '_J Suspected heart failure v Heart Failure l v |
caused by physical exercise J
Status Suspected ‘ v d Status
Caused by Yes S Suspected l' |
Physical No
Exercise Unknown Cause

Physical Exercise le
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Example: DL annotations (l)

Medical University of Graz

is a diagnosis | ™ Diagnosis and isAbout only (OrganFailure)

about organ T

failure diagnosis
about heart

~

failure
Organ Failure Diagnosis \ /

Organ Heart l V_J

Status Suspected l vJ

Yes
No
Unknow

Caused by
Physical
Exercise

is a suspected
organ failure
diagnosis

and hasQua

(is a organ failure
diagnosis about a
disorder caused by

\_physical exercise

J

) Diagnosis and isAbout only (OrganFailure and hasLocus
some Heart)

O DlagnoFls aYd isAbout only (OrganFailure)

(ty some Suspected

) Diagnosis and isAbout only (Disorder and causedBy some PhysicalExercise)
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Example: DL annotations (ll)
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[ _#)+()+345#_#)]. Diagnosis

V

1"#$%E&™"(

"H$%8 %6()*Yo+,")—+.I" %))
&+"H%()01)$*1#.8+)%2%,¢ T )

H)F) ™+ )

MHPWE& (H&)-( @ Diagnosis and isAbout only

O+#1-(2#"3)1+( (HeartFailure and causedBy some

H)'+.(J4(*04™ #3( PhysicalExercise) and hasQuality
\ +5+1.""+( W, some Suspected
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Example: DL annotations (llI)
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(,&H&I(H567,
HET*o&t/*(
O#"1+/-

¢ Diagnosis and isAbout only HeartFailure

) Diagnosis %&/ (#567,(

45968 (

| N

I"#$%& H()*$"& l v

i (
+*,-".%"/1& ‘ 'J

H+-((
012,(.#)&34"$.(

(&H&
spected | +2-3*-4 &
[(#567,(,(

(,&#&I(#567,(,&
#87* %R0k #*,"1&
) Diagnosis and isAbout only (Disorder and causedBy some PhysicalExercise)| 822.5"3#1(

-6-/3""~(

) Diagnosis and hasQuality some
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Example: One diagnosis instance

of each model
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# Diagnosis_2 Type Diagnosis and (hasQuality some Suspected) and (isAbout only
(HeartFailure and (causedBy some PhysicalExercise)))

# Diagnosis_2 Type Diagnosis

"H#$%&'$()*"+&, ($#%-.(.& ($#%-.(.&

($#%-.(.&

I"#$%& I"#$%& l v

" +%", &-"HS%& #/0($"&&
+#()", &128&*-2)/+#0&"3"$+/)

"HSUEAHIO(S & | ¥

J

080%&  0*+%"& v

1$* +283488 T&&  S%
564.(79)&&  89&

89+"7(.+& <:9=:&

@ Diagnosis_1 Type Diagnosis and (isAbout only OrganFailure)
@ Diagnosis_1 Type Diagnosis and (hasQuality some Suspected)
# Diagnosis_1 Type Diagnosis and (isAbout only

(Disorder and (causedBy some PhysicalExercise)))
@ Diagnosis_1 Type Diagnosis and (isAbout only

(OrganFailure and (hasLocus some Heart)))
@ Diagnosis_1 Type Diagnosis

/0$0*.&
0% E v

1$*.+&&
5-2)/+#O&63"$+/)l v

@ Diagnosis_3 Type Diagnosis and (isAbout only HeartFailure)
@ Diagnosis_3 Type Diagnosis and (isAbout only
(Disorder and (causedBy some PhysicalExercise)))
@ Diagnosis_3 Type Diagnosis and (hasQuality some Suspected)
@ Diagnosis_3 Type Diagnosis
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Example: DL Querying

Cuery (class expression)

Diagnosis and isAbout only (HeartFailure and causedBy some PhysicalExercise) and hasQuality some Suspected

Execute | | Add to ontology

Query results

Equivalent classes (1)

= Diagnosis_about suspected heart failure caused by physical exercise

Ancestor classes (1)
*' Diagnosis
= Diagnosis_about condition
= Diagnosis_about disorder caused by physical exercise
= Diagnosis_about _heart disorder
= Diagnosis_about heart failure
= Diagnosis_about heart failure caused by physical exercise
= Diagnosis_about organ_failure
= Diagnosis_about suspected condition
= Diagnosis_about suspected organ_failure
© InformationArtefact

Instances (3}
# Diagnosis 3
# Diagnosis 1 !""#$%&"#()*+&, -$(+)#() .$-)/' .#*+0) 1

& Diagnosis 2
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Example: DL Querying (Il)
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~Query (class expression)

Diagnosis_about_heart_failure and
Diagnosis_about_suspected_condition and
Diagnosis_about_disorder_caused_by_physical_exercise

Execute | | Add to ontology

~Query results

Equivalent classes (1)

) Diagnosis_about suspected heart failure _caused by physical _exercise

Instances (3)
#® Diagnosis 3

@ Diagnosis_1 " HEY0& " H()*+&,-.+)#()/$-)0'#*+1) 2#
#® Diagnosis 2

] Super classes

[_| Ancestor classes
Equivalent classes
(| Subclasses

|| Descendant classes
Individuals
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Conclusions
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The border between what should be represented by EHR
iInformation models and by clinical terminologies is blurred

Usage of a shared logical framework based on the use of top-
level, domain and information model ontologies

Clinical models will be annotated with DL expressions according
to the ontological representation proposed

The use of DL reasoning will allow detecting inconsistencies,
provide advance query mechanisms and detecting equivalence
expressions
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Open Issues
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Interoperability scenarios

Equivalence of the information models with values and query of the
clinical data

Equivalence of the information models without values and classibcation
of the exchanged data in the target system

Present OWL DL limitations

Low performance
Primitive datatypes constraints

Portion of data that require OWL DL annotations
What? , Who?, Where?, When?

Need of modularization of the ontology
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