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Informal coffee

Opening, welcome José Verguts, Karl Stroetmann Reinhold Haux
Introduction of Scientific Advisory Board Members all

Role of the Scientific Advisory Board Karl Stroetmann
Presentation of the DebuglIT project Kristof Depraetere
Coffee Break

Interoperability platform and semantic interoperability Rémy Choquet

Data normalization / Terminology Lookup Service Frank Enders
Structured data mining Alexandros Kalousis
Priorities for further development & cooperation Karl Stroetmann

the European Convergence Initiative

Next steps, feedback José Verguts
Farewell Dirk Colaert

Optional Informal dinner sponsored by DebugIT
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Welcome to the members of the SAB

A Prof. Dr. Reinhold Haux
A Prof. Dr. Régis Beuscart
A Prof. Johan van der Lei
A Prof. Rod Hose
A Ms. Michele Thonnet*
* Excused
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DebuglT collaborators

Dirk Colaert, Agfa HealthCare, Scientific lead DebugIT

José Verg UtS, Agfa HealthCare, Project Manager DebugIT
Kristof Depraetere, Agfa HealthCare, Principal investigator

Douglas Theodoro, Les Hapitaux universitaires de Genéve

Alexandros Kalousis, Université De Genéve

Karl A. Stroetmann, Empirica Gesellschaft fir Kommunikations- und Technologieforschung mbH
Rémy Choquet, institut National de la Santé et de la Recherche Médicale

Frank Enders, Averbis GmbH
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debugIT

Presentation of the DebuglIT project

Presented by Kristof Depraetere

Prepared in collaboration with Dirk Colaert
G

ece00 »
debuglT
slideb DebugIT Scientific Advisory Boarid &1of November 2010




The debugIT Project in short

A Funded by the European Community's Seventh Framework Program
under grant agreementn FP71 217139 (7Mu)

A Project period: from Jan 1st, 2008 to December 31st, 2011
A 14 Partners (next slide)

1
|
|
|
|

SEVENTH FRAMEWORK \
\

PROGRAMME

Disclaimer: this presentation reflects solely the views of the DebugIT team. The European Commission,

Directorate General Information Society and Media, Brussels is not liable for any use that may be made
of the information contained therein
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The Partners

Agfa HealthCare, Belgium (coordinator)

empirica Gesellschaft fir Kommunikations- und Technologieforschung mbH,
Germany

Gama Sofia Ltd., Bulgaria

Institut National de la Santé et de la Recherche Médicale, France
Internetovy Pristup Ke Zdravotnim Informacim Pacienta (IZIP), Czech Republic
LinkOpings Universitetet, Sweden

Technologiko Expedeftiko Idrima Lamias, Greece

University College London, United Kingdom

Les Hopitaux Universitaires de Geneve, Switzerland
Universitatsklinikum Freiburg, Germany

Université de Geneve, Switzerland

Averbis, Freiburg, Germany

MDA, Czech Republic

HEG, Geneva, Switzerland
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Clinical context and relevance

antibiotic resistance in Salmonella typhimurium DT104, England and
Wales, 19841995
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The debugIT workflow

A the debugIT project
I collects routinely stored data from clinical systems
I learns by applying advanced data mining techniques
I stores the extracted knowledge in repositories
I applies the knowledge for decision support and monitoring

0000
debuglIT
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Collect Data

A Routinely stored clinical data is collected and
aggregated across different

T hospitals

| countries

T languages

|

|

information models
legislations

commonly agreed data models (minimal data sets)
standards

mapping algorithms

unified and enhanced ontologies

A organized in a virtualized, Clinical Data Repository

(VCDR).
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Learn

A debuglT learns by detecting patterns, relevant
for patient safety and the better treatment of
infectious diseases

A Advanced data mining techniques are used on

I multimodal & multi-source data
A structured data mining
A text mining
A image mining

to create new knowledge
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Store and Author Knowledge

A This knowledge is
I stored in a distributed repository
I validated by clinicians
I visualized and
|

aggregated together with pre-existing medical
and biological knowledge (guidelines,
regulations)

A to achieve a consolidated view on the required
knowledge
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Apply

A Appropriate software tools are integrated
Into available clinical and public health
Information systems.

I Decision support tools apply the newly
generated knowledge and help the
clinician to provide improved clinical care
(choice, dose and administration of
antibiotics for example).

I Monitoring tools analyze ongoing care
activities and outcomes, and may help to
predict future outcomes to give additional
support to treatment decision on individual
patients and for populations.

A Integration in existing CIS enable the
recording of activities and results and thus
make sure the necessary data are
generated for a next cycle of learning.
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Medical Reasoning

A A powerful web of reasoning engines
completes the framework

A They combine different reasoning paradigms
(rule based, bayesian, fuzzy cognitive maps,
association models) and use the clinical data
and the acquired/existing medical knowledge
as input sources

A They steer both the clinical system for decision
support & monitoring and the data mining for
data and algorithm selection

slidel8 DebugIT Scientific Advisory Boartl 81of November 2010



Spargl endpoints
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DebuglT Analysis Workflow

1.

o

State clinical analysis question in natural language
(Clinician)

State clinical analysis SPARQL query in DCO/OO0
(Clinical Researcher)

State data set SPARQL queries for each targeted CDR
iIn DDO (Data Miner)

Aggregate data set SPARQL result graph in DCO/OO
(Data Miner)

Perform clinical analysis (Data Miner)
Formalize clinical analysis result (Data Miner)

. Validate clinical analysis result (Clinical Researcher +

Clinician)
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Step 1: state clinical analysis question

) Clinical Questions (formalization) - Mozilla Firefox

Eile Edit  W¥ew History Bookmarks Tools Help
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b}
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Subscriptions
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DebuglT - Mozilla Firefox
File Edit Wew History Bookmarks  Tools  Help
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Step 3: state data set SPARQL queries for each targeted

CDR

DebuglT - Mozilla Firefox

File Edit Wew History Bookmarks  Tools  Help
- C X 4w (OFE 77 | 2= cocae
Maost Visited |j aetting Started |5 | Latest Headlines Ij sharedcopy 4
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QUESTION ANSWERING
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e Data set query:
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e 4
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<http: //sweet. jpl.nasa. gow /2. 0/scillnits. owl#s.

Bprefix units:
<http: s eulersharp. sourceforge.net/2003/03swap
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SuantitiesExtension#-.
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Preview
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aggregate data set SPARQL result graph

Step 4:

) DebuglT - Mo
File Ed wiew  History
ﬁ 'l ’E' Google |
4

évCXm

Maost Visited a aetting Started |5 | Latest Headlines Iﬁ sharedcopy
(&) Disable~ [2 Cookies- [ ] ©55- [ | Forms~ [#8| Images~ (@ Information= (0 Miscellaneous+ 7 Outline~

Bookmarks  Tools  Help

& 5 Resizer 47 Tools- fa] Wiew Source- -2 Options~

QUESTION ANSWERING

| [[] pebugrT

Fropeties Clinical analysis <a

e Analysis results: [ ao:percentageOf [a dco:EmpiricalAntibioticTherapy]: ao:percentageThat [a
dco:ConfirmedEmpiricalAntibioticTherapy]: quex:hasValue ?percentage; quex:hasUnit

Start page

units:percent]

[ Properties Data needs Result

Analysis question

L
ao:percentagenf [a deo:EwpiricalantibicticTherapy]:
ao:percentageThat [a doo:ConfirmedEmpiricalantibioticTherapy];
guexhasVvalus ?percentage; guex:haslUnit units:percent]

Data set queries
Mo associated data set queries

Cone
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Step 5. perform clinical analysis

A Your favourite data mining tool here.
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Step 6: formalize clinical analysis result

DebuglT - Mozilla Firefox

File Edit Wew History Bookmarks  Tools  Help
- c r}"(‘ L ng 1:1 lalp-mpl=d| hktps: jfdebugit. agfa.metfauthoringfclinicalanalysis. bkl fresule ﬁ 'l '.-:" @oogle ,":)l |
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debuglT Start page Froperies Result <a
@ Analysis results: [ ao:percentageOf [a dco:EmpiricalAntibioticTherapy]: ao:percentageThat [a
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units:percent]
E Save draft

Properties Data needs Result

Analysis question

Bprefix units: <http://sweet.jpl.nasa.gov /2.0 /scilnits. owl#s,

@prefix ao: <http:/ v, agfa.com m3c/2009/AnalysisOntologys#s>.

@prefix doo: <hbtp://uwaw.debugit.euwfontology/1l.0/deo. owlis.

Bprefix quex: <http://eulersharp.sourceforge.net /2003 /03 swap/quantitiesExtension#>.

[

an:percentagedf [a deo:EmpiricaliintibicoticTherapy] ;
ao:percentageThat [a deo:ConfirmedEmpiricalantibioticTherapy]:;
quex:hasUnit units:percent]

# to add to DCO

quex:hasValus ?percentage;

Analysis result

| Variable | Value

percentage |

[save draft] [invalidate] [complete]
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Step 7: validate clinical analysis result

DebuglT - Mozilla Firefox
File Edit Wew History Bookmarks  Tools  Help
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.
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e
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G
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Step 7: validate clinical analysis result (alternative)

DebuglT - Mozilla Firefox
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DebuglT Synthesis Workflow

1. State clinical decision support question (Clinician)

2. State clinical decision support SPARQL query
(Clinician/Clinical Researcher)

3. Retrieve relevant medical models (Clinical Researcher)

4. Aggregate medical models and clinical data (Clinical
Researcher)

5. Perform clinical decision support (Clinical Researcher)

6. Formalize clinical decision support result (Clinical
Researcher)

7. Validate clinical decision support result (Clinician/Clinical
Researcher)
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Results so far...

Data Definition Ontologies for each CDR

7/ CDR SPARQL endpoints

DebuglT Core Ontology and Operational Ontologies
Mappings between DDO and DCO/OQO

Virtual CDR SPARQL endpoint

First clinical questions (manually) solved via framework

Text mining, Image mining, finding resistance profiles, temporal
relations results

Knowledge repository deployed
Authoring tool prototype is being tested with clinical questions

Formalization of bayesian belief network, fuzzy cognitive maps, ran
by the same engine, formalization of guidelines

First version of dashboard available
Development of monitoring service
Investigation of the interface CIS - DebugIT

o To Io Do To Po Do Io Po Do Io Do I»
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Conclusion

ABy itds very nature the syst
such that it can be used from very low local levels to high
strategic global levels

A DebuglT makes a proof of concept of a generic
translational framework focused on a specific clinical
problem
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More info ?

dirk.colaert@aqgfa.com

jose.verguts@agfa.com

christian.lovis@hcuge.ch
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Interoperabillity platform and semantic
|l nteroperabi | |

Presented by Remy Choquet & DebuglIT team
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What is communication? Sharing? Interoperability?

- "‘\/ ------ ”—-~\/,‘_\>,’ ~\\
P 4 4 \ -7 ~ /n AN
- N \~ e . ee h
. U Agy T ' w8y
§ re YO el , not 0
4 Weed something - He)" A on 7
ne]? something -~ A1 " He changed haircut
romyou - T T N A
4 e Say oA Mmm still alive? -~
‘.___ ltsbeenalongtime V- e L
b \~_‘,’ \ // \\\ BN
Teea-- . ', \\ 7 ‘\" So
Teeo- 2 e @ ! 4 e @
[ ) ' J
______ A N

A Implicit knowledge representations
A Only share the message which is interpreted
A Intentional vs Extensional
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How do human solve this?

,,,,,,

o ——

p — P, coffee A Where is the cup?

\\\ "f ~ I, ———————————————————————

ll B v \)_ _‘:\ ,”,” ________ ~<

A ~

_ 7 N N .
Ssll_lA\, Fenet X 1@l like a coffee please
“““ h 2 . . \‘ S~o - 1
[ e
‘\ I' T -
R S Oh yeéi\ts cold here,
SN There is.the cup

~
~<_ -
- -

What a match! You right!

They communicate, part of the message carries enough semantics (for each
communicator) to interpret and understand the implicit meaning of a message

Nobody said in the message you get me wrong, they adapt

Easier to deal with material objects as in life science (we try to consider immaterials as
consensual defined concepts)

o Do Do Do

The message has its intended semantics, they exchange several messages to adapt
their own semantics
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What about machines?

e 20 Prescription Patient 1 | 2 times a oY n.
{  Ontology 1 ) Wee_lf l'_A\M _O_X_IC_:ILIN et A Ontology 2.}
___________ VAT amox
_AMOXICILIN, (= >. SO r
S - \ - T :\ _____ \
AT e

~
~<_ -
S~ -

Error: Ddinknow that
drug

A Theydond adapt, vyet é

A They are still comparing data to match, even at the
concept level -> even with flsemanticso

A We need to align: structures, terms, etc.
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How do we solve this? 2 paths?

One pivot representation of concepts Express formally each source
Align each actor to it Align on demand
/’,‘—_i\’"—-~\ g \\h\\ ”><,,’ SUIeCS \\\\I<\\
i ] 77 AMOXICILIN= /s
'/”\ ontOIOgy ,’\‘ ,/ \‘ AMOX II \\
/’——>‘\ ~. ,'<*~\ ,/ \\ II \\
o770 T AMOXICILIN T / \ \
/’ \\\ _ /' \\\ 'I \\ ______________ ’ \
Vi =< 0 _of \
2 e Nl R e /""1’/”“7"“\ e AT AT
, --- \ e < A P S ~
) .. . . \ ’ \ ’ Y
h Prescription Patient 1 | 2 times a Voo Ontology 1 1 i Ontology 2 )
! week | AMOXICILIN | etc. o 9y -Rrescription Patient | 2 times a %y A
L TG N = 'weeklAMOXICILIN | etc. ~
' i AMOXICILIN =~~~ T AMOX. -~
\ ‘_-_L/___ _-y__ ) e - __L__‘_\ ‘-\—\ ________ L-_"/
Vil el Y N N ) Y
v ! 1 T T T 11 “"I : ! T !
% | : 1 i | : 1
) | : i | ‘ | :
\____A__‘, \\___; ____ ] ~-___/<::_: \_:_’_I _____
e -7 “There you go

There you go
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——————

’—_"\’,’ 4 ’ \‘|~\ .
" Domain y Domain knowledge representat
& Ontology "‘:
NEWT:AMOXICILIN-
e
JommmmmT ST S
" Rules1 \\\, :’/ Rules 2 \‘*, : :
" AMOXICILIN= . AMOX.=NEWT / Data to Domain alignment
"\ NEWT:AMOXI J 1 :AMOXICILIN  /
CILIN
S Ko y T h:\ ______ ’
PR r"_~‘ :‘_§\,’-~\\\ f—-~<"_~\l/"—§\,’_-\\\

Data Ontology 1 { Data Ontolo 2 .
P W% Rrescription Patient | 2 times & ¥2.  Data knowledge representatior
N N 'Week|AM9XICILIN|etc ~
$ AMOXICILIN /}—"’ ''''' Tl . AMOX -

~o - e S-¢ 1 ’

RN SO R
| i | | Raw Data
R R
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Each Component is independent from each other

Semantic
datasets N

Data connectors
Knowledge

This is the Interoperability Platform connectors

G 0ive »
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Local
vocabularies

Proprietary
local
Information
models

ETL

Standardization
Processes

HL7 v3
Information
Model

Data Quality
Processes

Datamining

Global
Vocabularies

Domain
Ontologies

SPARQL
endpoint

Reasoning

Knowledge Extraction
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Major representatives of DebuglT ontology types

Ontology name Acronym Group type Content
Class number
BioTop BioTop upper ontology the biology domain top level connecting the DCO to top level ontologies like
BFO or DOLCE
DebuglIT Core Ontology DCO core ontology the core health care domain including human infectious diseases
Medical Evidence Ontology MEO operational ontology types of medical evidence as described in SIGN 50 guidelines!!
Clinical Analysis Ontology CAO operational ontology derived and concise formal representation of clinical domain ontologies,

permitting concise expression, easy query building by a clinician, and N3
rules formulation for data mining

Analysis Ontology AO operational ontology derived and concise formal representation of non-clinical domain ontologies,
permitting concise expression, easy query building by a clinician and data
miner, and N3 rules formulation for data mining

Clinical and Biological SKOS Schemes CSsO operational ontologies instances permitting mapping of clinical terminology/coding systems and
Ontologies BSSO ontologies

Quantities and Units Extension QEO operational ontologies formal description of quantities and units, elaborating on work done by
Ontologies UEO NASA in their SWEET ontology seriesii]

Decision Support Ontology DSO operational ontologies series of ontologies used in the document life cycle of different DebugIT
Document Ontology DO services
SPARQL Ontology SO
SPARQL Analysis Ontology SAO

Workflow Ontology operational ontology formal description of workflow

Hospital Ontology operational ontology formal general description of hospital environment

Data Definition Ontologies for all sites DDO data definition ontology formal representation of clinical database schemes

-
slide42 DebugIT Scientific Advisory Boarid &1of November 2010 [i] http://www.sign.ac.uk/pdf/sign50.pdf
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http://www.sign.ac.uk/pdf/sign50.pdf

DCO content (statistics)

Ontology elements& axioms | Overall | DCO BioTop
Classes 1281 965 375
ObjectPropertiegrelations) 78 3 74
DatatypeProperties 11 10 0
Subclas#®\xioms 1494 1050 444
EquivalentClassAxioms 197 08 99
Disjoint Axioms 76 1 75
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Reusing external domain vocabularies

SKOS mappings

for to
A Diseases A SNOMED CT findings
A Human anatomy A Foundational Model of Anatomy
A Bacteria A  Uniprot NEWT taxonomy

A Drugs, antibiotics A WHO ATC codes

o000 »
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DDQOs

A Required to keep system independence between components: CDRS,
Global representations

A Informational entities are specific to database
A Instances in database maps to concepts in the domain ontology

in_ti
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I
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atient_j ime episode_of_care
inistrative act id AdministrativeDiagnosis
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=UIES

A There can only be DDO => DCO (it causes logical issues to do the other way)

A In a open world assumption logical world, reasonners needs to verify all
existing possibilities to validate a rule, DCO being far more complete than
DDO, it did not scale

DDO to DCO rule example:
{?cr ddo:hasCulture ?c. ?c a ddo:Culture.

}=>{

?cr a ddo:CultureResults}.

{ ?x ddo:hasAdministrativeGenderCode?sex
}=>{

?X biotop:bearerOf [ a dco:Sex; biotop:qualityLocated ?sex ] }.
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Step 1, natural language -> formal (analysis

ontology & domain ontology)

A Ldutilisation d@un query builder ldutilisateur peut créer
la requéte suivante: <percentage of> <empirical
antibiotic therapy> <that> <confirmed empirical
antibiotic therapy>

A La requéte est transformée en:

PREFIX unitsttp://sweet.jpl.nasa.gov/2.0/sciUnits.owl#

PREFIX abttp://www.agfa.com/w3c/2009/AnalysisOntology#

PREFIX dcattp://www.debugit.eu/ontology/1.0/dco.owl#

PREFIX quetttp://eulersharp.sourceforge.net/2003/03swap/quantitiesExtension#

CONSTRUCT {[
ao:percentageOf [a dco:EmpiricalAntibioticTherapy];
ao:percentageThat [a dco:ConfirmedEmpiricalAntibioticTherapy];
guex:hasValue ?percentage; quex:hasUnit units:percent]}
WHERE {[
ao:percentageOf [a dco:EmpiricalAntibioticTherapy];
ao:percentageThat [a dco:ConfirmedEmpiricalAntibioticTherapy];
guex:hasValue ?percentage; quex:hasUnit units:percent]}

What is % of empirical antibiotherapies confirmed by an antibiogram?

ece00 »
debugIT
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http://sweet.jpl.nasa.gov/2.0/sciUnits.owl
http://www.agfa.com/w3c/2009/AnalysisOntology
http://www.debugit.eu/ontology/1.0/dco.owl
http://eulersharp.sourceforge.net/2003/03swap/quantitiesExtension

Step 2, into domain ontology concepts

SELECT{
?antibioticTherapy
a dco:AntibioticTherapy;
biotop:processualPartOf [dco:hasEpisodeOfCarelD ?episodeOfCarelD];
dco:hasStartDateTime ?antibioticTherapyStart;
dco:hasEndDateTime ?antibioticTherapyEnd;
biotop:hasParticipant [dco:ATCID ?drugCode];
?antibiogram
a dco:Antibiogram,;
dco:hasResultDateTime ?resultDateABG;
dco:outcomeOf |
a dco:AntimicrobialSusceptibilityTest;
biotop:hasParticipant [dco:ATCID ?drugCode];
biotop:precedes [
a dco:BacterialAntibiogramAnalysis;
biotop:processualPartOf [dco:hasEpisodeOfCarelD
?episodeOfCarelD];
dco:hasOutcome [biotop:encodes [a
dco:MicrobiologicalSusceptibility; biotop:qualityLocated ?result]]]]}
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Step 3. DDO adapted query

WHERE {
?antibioticTherapy
a ddo:PathogenTreatment;
ddo:hasBegin_Date ?antibioticTherapyStart;
ddo:hasDrug [a ddo:Drug; skos:notation ?drugCode];
ddo:hasEpisode Of Care ?episodeOfCare.
OPTIONAL {
?antibiogram
a ddo:CultureResults;

ddo:hasCulture [ddo:has_Result_Date
?resultDateABG; ddo:hasEpisode Of Care ?episodeOfCare];

ddo:hasDrug [a ddo:Drug; skos:notation
?drugCode];
ddo:hasAntibiotic_Tested Result ?result}}

What is % of empirical antibiotherapies confirmed by an antibiogram?

o000 »
debugIT
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Results (2 instances)

https://babar.unige.ch:8443/d2r-server/resource/AntibioticTherapy/37930
a dco:AntibioticTherapy;
biotop:hasParticipant [a dco:Drug; dco:ATCID "668"Mxsd:int];
biotop:processualPartOf [a dco:EpisodeOfCare;
dco:hasEpisodeOfCarelD "008c297941a8c6236e3cal7aa9eb7a53"];
dco:hasStartDateTime "2007-04-30T10:30:43"Mxsd:dateTime;
dco:hasEndDateTime "2007-05-09T21:59:59""xsd:dateTime.
https://babar.unige.ch:8443/d2r-server/resource/Antibiogram/1232548
a dco:Antibiogram;
dco:hasResultDateTime "2007-05-02T10:29:00"xsd:dateTime;
dco:outcomeOf |
a dco:AntimicrobialSusceptibilityTest;
biotop:hasParticipant [a dco:Drug; dco:ATCID "668"xsd:int];
biotop:precedes |
a dco:BacterialAntibiogramAnalysis;
biotop:processualPartOf [a dco:EpisodeOfCare;
dco:hasEpisodeOfCarelD "008c297941a8c6236e3cal7aa%eb7a53"];
dco:hasOutcome [
biotop:encodes [
a dco:MicrobiologicalSusceptibility;
biotop:qualityLocated

ddo:Susceptible]]]].

o000 »
debugIT
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https://babar.unige.ch:8443/d2r-server/resource/AntibioticTherapy/37930
https://babar.unige.ch:8443/d2r-server/resource/AntibioticTherapy/37930
https://babar.unige.ch:8443/d2r-server/resource/AntibioticTherapy/37930
https://babar.unige.ch:8443/d2r-server/resource/Antibiogram/1232548
https://babar.unige.ch:8443/d2r-server/resource/Antibiogram/1232548
https://babar.unige.ch:8443/d2r-server/resource/Antibiogram/1232548

Step 4: Regle pour retrouver une prescription

sans antibiogramme prealable

?SCOPE e:findall ({
?abTherapy a dco:EmpiricalAntibioticTherapy;
biotop:processualPartOf [dco:hasEpisodeOfCarelD ?episodeOfCarelD];
biotop:hasParticipant [dco:ATCID ?drugCode];
dco:hasStartDateTime ?therapyStart} {
?abTherapy
a dco:AntibioticTherapy;

biotop:processualPartOf [a dco:EpisodeOfCare; dco:hasEpisodeOfCarelD
?episodeOfCarelD];

biotop:hasParticipant [a dco:Drug; dco:ATCID ?drugCode];
dco:hasStartDateTime ?therapyStart.

HH H K HEF H K HE
~—

?abg

a dco:Antibiogram;

dco:hasResultDateTime ?abgResultTime;

dco:outcomeOf |
a dco:AntimicrobialSusceptibilityTest;
biotop:hasParticipant [a dco:Drug; dco:ATCID ?drugCode];
biotop:precedes [

a dco:BacterialAntibiogramAnalysis;

biotop:processualPartOf [a dco:EpisodeOfCare;
dco:hasEpisodeOfCarelD ?episodeOfCarelD]]].

# ?therapyStart math:lessThan ?abgResultTime} ?listEmpiricalAntibioticTherapy)}
#=> ?graphEmpiricalAntibioticTherapies.

o000 »
debugIT
slideb3 DebugIT Scientific Advisory Boartl 81of November 2010 (

BT oH OH OB H OH H H H H H




Steps 5&6

A Find all ABT that start after an antibiogram (by example 2-
5 days before)
A >> it gives 2 ensembles de instances graphs :
I Some dco:EmpiricalAntibioticTherapy
I And some dco:TargetedAntibioticTherapy

A Then execute a rule that will make the conjunction
between 2 sets which will result in giving the set of triples
where an ABT is followed by a positive antibiogram result

for the same episode of care

What is % of empirical antibiotherapies confirmed by an antibiogram?

o000 »
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Step 7: Calcul

{ 7?SCOPE e:findall (?empiricalAntibioticTherapy {?empiricalAntibioticTherapy a
dco:EmpiricalAntibioticTherapy} ?listT).
?listT math:memberCount ?countT.
?SCOPE e:findall (?confirmedEmpiricalAntibioticTherapy
{?confirmedEmpiricalAntibioticTherapy a
dco:ConfirmedEmpiricalAntibioticTherapy} ?listF).
?listF math:memberCount ?countF.
(?countF ?countT) math:quotient ?relativeF.
(?relativeF 100) math:product ?a.
(?a 10) math:product ?b.
?b math:rounded ?c.
(?c 10) math:quotient ?percentage}
= {[ ao:percentageOf [a dco:EmpiricalAntibioticTherapy];
ao:percentageThat [a dco:ConfirmedEmpiricalAntibioticTherapy];
guex:hasValue ?percentage; quex:hasUnit units:percent]}.

_:sk0 ao:percentageOf _:skl.
_:skl a dco:EmpiricalAntibioticTherapy.
s _:skO ao:percentageThat _:sk2.
Resultat _:sk2 a dco:ConfirmedEmpiricalAntibioticTherapy.
_:sk0 quex:hasVaiduag.

:skO quex:hasUnit units:percent.
ece00 »
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) IP Demo Spargl - Mozilla Firefox

Bestand Bewerken Beeld Geschiedenis EBladwijzers Extra Help

v c x ot |_-L] http: {flocalhost: 8050 ipdemoy spargl. html

s -

|j https:/{debugit. agfa.. kfrepository/spargll |j https: | fdebugit, aq...-BF25-250cd4 147401 | |j IP Demo Sparqgl ﬁ |j https:{{debugit,aq...-89Fb-9c5a16023F60 ||

IP Demo

Select 3 quastion guery/dataset-gp-giib.rg

dataset queny

|>

CONSTRUCT |

?test a doordntimicrobisliuscepribilityTest:
biotop:precededBy 2culture:

doothasParticipant ?antibicotic:
geo:hastutcome 2antibiogrem.

?culture deo:hasOutcome 2gultureResult.
?zultureResult biotop:encodes 2e.

?e biotop:aualitylocated 2Kbr.
Pantibiogresn & deo:dntibiogream: biotopiencodes ?susceptibility.
?susceptibility a deo:Microbislogicaldusceptibility;
qr a ?sr.

?kbr skos:notation funiprot.
Pantibiotic a ?x.

b

WHERE |
# Query INSERM. =
GRAPH <http://debugitl.spim.jussieu.fr/spargl> {

[1 & spargl:Querying:
event:hasInput <http://wopeg.he.agfa.be:2020/repository/resources/10/09
f13/66/14/81/88/ faada58c-254a-4fe9-9eh5-d932£191 6bad>;

event:hasOutput o2;
gp:limit 1

# Query LIU.
GRALPH <https://lincoln.imt.liu.se:8443/der-server/apargls> {
[1 & gpargl:Querying:
event:hasInput <http://wopeg.he.agfa.be:2020/repository/ resources/ 10409
f20/77/ 16/ 61/04/20782385-d790-4479-5909-9de8a317ed3 9> ;

£

Get Hezults

CebuglT IF demo ) .
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A

@prefix biotop: <http://purl.org/biotop/biotop.owl#> .

@prefix rdfs:  <http://www.w3.0rg/2009¢Dnk#> .

@prefix gp:  <http://www.debugit.eu/ontology/queryplan#> .

@prefix dco:  <http://www.debugit.eu/ontology/1.0/dco.owl#> .

@prefix event: <http://eulersharp.sourceforge.net/2003/03swap/event#> .
@prefix xsd:  <http://www.w3.0rg/2001/XMLSchema#> .

@prefix rdf:  <http://www.w3.0rg/1998163/@@vns#> .

@prefix skos:  <http://www.w3.0rg/2004/02/skos/core#> .

@prefix spargl: <http://eulersharp.sourceforge.net/2003/03swap/sparql#> .

dco:hasParticipant <http://debugitl.spim.jussieu.fr/resource/drug/2476> .

N a dco:AntimicrobialSusceptibilityTest ;
biotop:precededBy <https://lincoln.imt.liu.se:8dA&dB&rsource/culture/18501> ;
dco:hasOutcome
[a dco:Antibiogram ;
biotop:encodes
[a dco:MicrobiologicalSusceptibility ;
biotop:qualityLocated

<http://debugitL.spim.jussieu.friddo#Sensitive> : <https://lincoln.imt.liu.se:8443/vocab/resource/liu_ddo#Sensitive>

a dco:Sensitive . 1:
<https://lincoln.imt liu.se: 844848t /resource/bacteria/233> dco:hasParticipant <https://lincoln.imt.liu.se:8éA&/d&rsource/drug/7> .
skos:notation
"562"M<http://eulersharp.sourceforge. net/2003/03swap/b|08KOSSchemes#un|Prot'FJ\])Ec? SyHincoln.imt.liu.se:844gdaer/resource/drug/7>
DT> . o:Fluoroquinolone , dco:Ciprofloxacin , dco:Quinolone .
<http://debugit1.spim jussieu.friresource/culture/55537> <http://debugitl.spim.jussieu.fr/resource/culture_results/1394548>
dco:hasOutcome <http://debugitl.spim.jussieu.fr/resource/culture_| results/1394548>b lotop:encodes
[ biotop:qualityLocated
<https://lincoln.imt.liu.se:8443/vocab/resource/liu_ddo#Sensitive> 1 <http://debugit1.spim jussieu.fr/resource/bacteria/286>
a dco:Sensitive . '

<http://debugitl.spim.jussieu.fr/resource/bacteria/286>
skos:notation
"562" M<http://eulersharp.sourceforge.net/2003/03swap/bioSKOSSchemes#uniProtTaxonorn

<https://lincoln.imt.liu.se:8448#d2er/resource/culture_results/18327>
biotop:encodes
[ biotop:qualityLocated

<https://lincoln.imt.liu.se:8448#d2er/resource/bacteria/233> <http://debugit1.spim.jussieu.fr/resource/drug/2476>
] : . . .

a dco:Fluoroquinolone , dco:Ciprofloxacin , dco:Quinolone .

[ a dco:AntimicrobialSusceptibilityTest ;

biotop:precededBy <http://debugitl.spim.jussieu.fr/resource/culture/55537> ;
dco:hasOutcome

[a dco:Antibiogram ;

biotop:encodes

[a dco:MicrobiologicalSusceptibility ;
biotop:qualityLocated
<http://debugitl.spim.jussieu.fr/ddo#Sensitive>

<https://lincoln.imt.liu.se:8448#d2er/resource/culture/18501>
dco:hasOutcome <https://lincoln.imt.liu.se:8&4#432d2esource/culture_results/18327> .

l;
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Where are we today? d 80% done

Service Name

Mapped to DCO Mapped to local DDO
https https
Login/Password Login/Password

Custom implementation ~ Custom implementation

Manual Rewriting Rule based engine
Jena/RDF Rule based engine
(euler)

User Interface
Knowledge Repository

Rule replication engine
using KR

ocee »
debuglT
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Lessons learned so far

A Interoperability is not only about vocabularies or
Information models nor semantics, it is about the 3 of
them linked together

A In DebugIT we can use some reasoning for solving the IM
to Domain ontology issue and to query the CDRs

A The IP is a starting point for other interoperability projects,
the tools and methods used can be reused and enriched
In other projects

A DebugIT should present clearer view on semantic
Interoperabllity it achieves for the EU and other eHealth
Initiatives

o000 »
debugIT
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debugIT

Data normalization / Terminology Lookup
Service

Presented by Frank Enders, Averbis GmbH

G ecee »
debuglT
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Normalized entities in the DebuglT data repositories

A 1ICD10 A SNOMED

I Patient_treatment -> comorbidity T
i Patient_treatment -> diagnosis_primary T

i Patient_treatment -> diagnosis_other

Culture -> culture_procedure
Culture -> sample_type

A EMA

A ATC i

i Culture -> antibiotic_tested

A Uniprot

I Culture -> identified_bacterium

slide61 DebugIT Scientific Advisory Boartl 81of November 2010

Culture -> sample_location

A Time OWL

Culture -> collect_date
Culture -> result_date
Patient -> date_of birth
Patient -> date_of death
Episode_of care ->
admission_to_hospital
Episode_of care ->
discharge_from_hospital
é




Unstructured / pseudostructured: text mining

Befund Nr.:4 Reczult Date

1.Test I . .
w /Hvaiene 09 102000 Identified Bacterial Name
b 05.10.2000 Katheter (-Spitzey— 2P TWPe

(1) Keimidentifikation:: koagulase negative Staphylokokken (zahlreich)
(2) Keimidentifikation:: Keine Pilze nachweisbar

~ Antibiogramm
Organismus 1: koagulase negative Staphylokokken (zahlreich)
ANTIBIOTIKUM 30rganismus  1°

3
EESNENERE . s
3
3
3
3
3
3
3
’

G ecee »
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Text analysis components

Concept Identification Relationship Extraction

Pathology/Anatomy

[ Document Zoner }

Part-of-Speech Tagger
v
Shallow Parser/Chunker
v

Deep Parser

N\ (
J

-
g

~
J
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Structured data: Terminology mapping

KEID | KENAM MAID | MANAM
ATBID ATBMNAM
I | Cvloser entahist Entaméba histolytica boaefaen Blutkultur aerob (FAN)
cyc yeloserin - ensakaza Enterobacter sakazakii benae Blutkultur aerob (EC)
pas p—ﬁmlnusal.lcylsaure enteverm Enterobius vermicularis (Madenwurm) benan Blutkultur anaerob (EC)
cfl Clinafloxacin entespec Enterabacter species zelliber Zelliberstand
kan Kanamycin enteroko Enterokokken abstop Abstrich (intraoperativ)
tpl Teicoplanin enterok? Enterokokken 2. Stamm ‘{”a D.r.‘dA—Extralctmn
chlo Chloramphenicaol escoli? Escherichia coli 2. Stamm losung Losung
lev Levofloxacin esvulner Escherichia vulneris blutprod Blutprodukt
cz Cefazalin eubaspec Eubacterium species muttmilc Mutte.rmllch _
mez Mezlocillin fadepilz Fadenpilze absthau Apstrlch (Schleim)Haut
fuc Fusidinsiure flindalo Chryseobacterium (Flavobacterium) indologenes udku Erf” EE:’ltL:elrktatZT;er}
; fimenin Chryseobacterium (Flavobacterium) meningosepticum umsu nn {Vittelstra
enrs Enrofloxacin ng ry : (F ) gosept uexpr Urin (Exprimat)
of Cephalotin fimultiv Flavobacterium multivarum .
zd30 Linezolid flodaorat Flavobacterium odoratum usanst Urin
. . o e flavspec Flavobacterium species plasma - Plasma [F_FP}
quidal CQuinupristin-Dalfopristin : kultmedi Kulturmedium
3 i funecrop Fusobacterium necrophorum b Blutkul b (BACTEC
M M.DXIﬁD.xaCIH funuclea Fusobacterium nucleatum hactecae Blutkultur dern l:h BACTE}C
ribu Rifabutin fusospec Fusobacterium species actecan utkultur anaerob ( )
dox Dasevcvelin . P urindku Urin (Dauerkatheter)
HYCY gavagina Gardnerella vaginalis . . :
Ertapenem urinmsu Urin (Mittelstrahl)
etp p gehaemaol Gemella haemolysans y 3 :
vori Voriconazal abstscre Abstrich (Screening)
cep Cefepim boaepf Blutkultur aerob (Pad-FAN)
S i Sulharctam+Pin erykonz Erykonzentrat
: : o Leuka Leukapherisat
urinsons Urin
uerst Erststrahlurin y
G
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Structured data: Terminology mapping

slide65

LIBELLE

MAPPING

ASPIRINE DU RHONE 500MG CPR

ACETYLSALICYLIQUE ACIDE:[NDZ2BAD1,BO1ACOE]

1500 ml SODIUM CHL+POTASSIUM

POTASSIUM CHLORUREE EN ASSOCIATION:[A12BAST],SODIUM:[A12CA]

HEXOMEDINE TRANSCUTAMEE 0.15% SOL 45

HEXAMIDINE:[DOBACDA]

SUSTIVA 200MG GELULE

EFAVIRENZ:[J05AG03]

VIRACEPT 250MG CPR

MELFINAVIR:[JOSAED4]

EFIVIE. CPR 150MG (3 TC OU LAMIVUDINE

LAMINVUDINE:[JO5AFDE]

TRIFLUCANM 100MG GELULE

FLUCONAZOLE:[J0ZACO1]

PEFLACIME 400MG CPR ENR.

PEFLOXACINE:[J01MADS]

XAMNAX 0.50MG CPR

ALPEAZOLAM:[M05BA12Z]

SOLIAN 50MG CPR

AMISULPRIDE:[ND5ALDE]

MY OLASTAN 50MG CPR ENROBE SECABLE

TETRAZEPAM:[MO3BX0T]

STILNOX 10MG CPE. SECABLE

ZOLFIDEM:[MD&CFDZ]

MEURONTIM 300MG GELULE

GABAPENTINE:[MD3AX1Z]

MOPRAL 20MG GELULE

OMEPRAZOLE:[ADZBCO1]

HEFARINE SODIQUE & 000 UIFSML IMJ PC

HEFPARINE:[BO1AB01,S01XA14 C05BAD3]

ADIAZIME 500MG CPR

SULFADIAZINE:[JO1ECDZ]
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Terminology Lookup Service

slide66

Inpant Mapped to I in source
Draptomipcine daptomycine daplomycin atc_en_2010 JOH KOG
Doaycneling doxycycing a0y Cychng aie_an_2010 JOAAODZ
Ethambutol ethambutol ethambutol atc_en_2010 JO4 K2
Erfagensm ertapenem erlapensm atc_en 2010 JODHOG
Fluconazol fluconazol fluconazoke ate_en_2010 JOZACH
Fosfammpcine fos fomycine fos fomycin atc_en_2010 RS
Gentamicing gentamicing genlammicin atc_en_2010 JHGE0E
Acinedobatter johnsoni acinelobacter jphnsoni Acinetobatier johnsoni niewd_sn_2008 40214
Acinetobacter juni acinetobacter jni Acinetobacier juni newd_en_2009 4015
Acinetobacter hvoffi acinelobacter kol Acinetobacier hoffi newd_en_2003 2E0G0
Ritakutin rifabiin rifaltin ate_en_2010 J04 AB04
Rifampicin rifampicin ritamgicin atc_en_2010 J04 2802
Reoxitiwomncin radtiwonmcin roxihroemycin ate_en 2010 JOIFADE
Candicda krusei candida krugei Issatchenkia onentals newd_en_2003 4409
Candida ipohytica candida lipohdica Yarrowia lipohdica newd_en_2009 4552

Eﬂﬂh hestaniae candida slanize Clavizpora hsitanise newd_en_2003 3B

DebugIT Scientific Advisory Boartl 81of November 2010




Terminology Lookup Service - Software Architecture

XML Message
. Vvia SOAP
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Publishing the service: WSDL description

T
Puklishked by JAX-WS RI at kttp://jax-ws.dev.java.net. RI's version is JAX-WS EI 2.1.5-k03-.
-
— <defmitions name="Debugit" targetNamespace="http fwww. averbis defextraction/debugit"=
— <types=

— <xsd:schema>
<xsd:nnport namespace="httpwwrw. averbis defextraction/debugititypes” schemal ocation="http/wwrw. averbis. de F070S 0 ADebugl T xsd=1">
<fxsd:schema>
<ftypes=>
— <message name="CGetlormalizedContentR equesthlessage">
<part name="body" element="debugit Getlormalize dC ontentR e quest"=
<finessage>
— <message name="GetMormalize dContentResp onsellessage">
<part name="body" element="debugit: GetMormalize dC ontentFesponse"f=
<finessage>
— <portType name="DebugitP ortType">
— <operation name="CetMormalize dContent">
<mput message="tns: GetMormalize dC ontentRe questhlessage"/>
<output message="tns GetMNormalizedContentF esponseldessage" =
<foperation>
<fportType>
— <bmding name="Debugit3 capBinding" type="tns:DebugttP ortType">
<soap:bmding style="document" transport="http:/fschemas zmlsoap. orgfzoapthttp"f=
— <operation name="CetMNormalire dC ontent">
<soap: operation soapAction="GetlormalizedContent" >
— <input>
<soap:body use="literal"/>
<finput=
— <output>
<soap:body use="literal"f>
<foutput=>
<foperation>
</bindmg>
— =service name="DebugitService">
— <port name="DebugitP ort" binding="tns DebugitS oapBinding">
<soap: address location="http fwww averbis. de 70703 0 AT ebugl T" >
<fport>
<fservice>

<m gﬁm'ﬂ' ons>
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Accessing the web service d native XML

@ soapUI 3.5.1 - 8| x
File  Tools Desktop Help
Search Forum | g8 @

BaE @8 4 X & B

| a2 Request 1

Projects za - v e
= O i ™  |hktp:fmorphine. medinf. uni-freiburg. de: 7070/504/Debugl T
5B DebugiT PR EOD R [hetp fimorp g {508{Debug
= X DebugitSoapBinding =zoapenv: Envelope xmlns:soapenv="http://schemas. xmlsoap.orgssoapsenvelops "
B} GetMormalizedCantent

------ £ Reauest1]

= %+ @

xmlns:typ="http: ffwvww . averbis. defextractionsdebugit /types"=

“soapenv:Header /=
“zoapeny:Bodys
“typ: FetNornalizedContentRecuest>
“unnormalizedText=Candida utilis</unnormalizedText>

Raw | %ML

<langren</langs
<targetrall</carget>
“</typiGetNornalizedContent Regqueast s
< /soapenv: Body>

=fzoapenv: Envelopes

4]

Aut  Headers (00 Attachments (0)  WS-A  WS-RM 5 Headers M5 Property (00

L

=8:Enwelope xmlns:S="http://schenas xmlsoap.orgfsoapfenvelope /">

“<E:Bodyr
“nsZ: GetNormalizedContentResponse xmlns:insZ="http: / winr. averbis de/extraction/debugit/types"s

Raw ] ®ML

“NormalizedContent:
=MmnormalizedTerm>Candida utilis</TnnornalizedTerm-

=Matchedlextrcandida utilis< /HatchedText>
=Sourcesnewt_en Z009</Scurces
=IdInScurce=42303=</IdInSource>
=DictCanonrPichia jadinii</DictCanon>
=IzNegatedbyansa</IsNegatedbBy>
< /HormalizedContents
“/nsZ:GetNornalizedContentResponsex
< /% :Body>
=/8: Envelopes=
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Accessing the web service d web workbench

-
siee Select what is to be normalized [ =
® itthe "Go!" | | averoils
ugiT and hit the "Go!" button Drugs Bugs
medical language technology
Daptomycine Input Matched text | Mapped to Source | Idl in source |
EDEYCYC 5 1rlle Daptomycine daptomycine daptamycin atc_en_2010 JO1HEOS
Et ™ =T X Dioeyeycline doxycycline doxycycline atc_en_2010 JO AA02
Er"t Fomycing Ethiamisutol ethambsutol ethiamisutol ste_en_2010 JO4AKDZ
Fitape neml Ertapensm ertapensm ertapensm ste_en_2010 JO1OHDZ
7 u;onaz? Fluconazol fluconazol fluconazole atc_en_2010 Jozacol
CDE DIT]YC_: ine Foszfomycine fozfamycine fazfamycin atc_en_2010 JO 0
Ge o 1'? 1rl1e Gentamicine gertamicing gertamicin ste_en_2010 JoGBO3
Eer_lt,am:l.; ine -s . Acinetobacter johnsonii acinetobacter johnsonii Acinetobacter johnsonii neyvt_en_2003 40214
Ac e Dba“er Johnsonii Scinstobacter juni acinetobacter junii Scinstobacter juni niewt_en_2009 40215
Ac SHEE Dbamer Jl un; B scinetobacter beotfi acinetobacter lwatfi scinetobacter beotfi riewt_en_2000 28090
R‘?;gt ohacter lwoffil Rif abutin Fifabutin Fifabutin ate_en_2010 J048804
R?f EEam Rifampicin Fitampicin ritampicin ate_en_2010 Jo48802
Rl a.mi iein X Roxithromycin raxithramycin raxithramycin atc_en_2010 JOFADG
Cox;Fdr or]:yc in X Candida krusei candida kruzei |zzatchenkia orientaliz nexvt_en_2009 4509
sncica Krusel Candida lipohytica candida lipolytica arrowia lipolytica newt_en_2009 4852

Candida lipolytica . - X I " Lo

R X R Candida lustaniae candida lusitaniae Clavispora lusitaniae newvt_en_2003 36911
Candida lusitaniae \\

e Get the normalized results
Paste the list of unnormalized
drug- andior pathogen names
Averbis GmbH 2010
=
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Accessing the web service

d Java applications

A Ut i

|l i zing the web serviceodos WSDL descri

/limport the interface classes

import de.averbis.extraction.debugit.¥*;

import de.averbis.extraction.debugit.types.*;

f...]

/linitialize the service

DebugitService service = new DebugitService();

/Icreate the request

GetNormalizedContentRequest req = new GetNormalizedContentRequest();

req.setUnnormalizedText(myUnnormalizedText);

req.setLang(mySourcelLanguage);

/finitialize the response

GetNormalizedContentResponse resp = new GetNormalizedContentResponse();

fIget results

resp = service.getDebugitPort().getNormalizedContent(req);

/Iwork with the results

List<NormalizedContent> myList = resp.getNormalizedContent();

for (NormalizedContent item : myList){
System.out.println(item.getUnnormalizedTerm());
System.out.println(item.getMatchedText());
System.out.println(item.getDictCanon());
System.out.println(item.getSource());
System.out.println(item.getIdInSource());

f...]

h

...]
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Evaluation 0o Error classes

False positives

False negatives

Different grade of differentiation

Language
Different languages of source and target terminologies (e.qg.
"Streptokokken der Mitis-Gruppe").

Language

Typos

Missing Synonyms

Incomplete target terminology
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Perspective / next steps

A Having normalized data allows for secondary usage and
analysing of (aggregated) clinical routine data across
different sites / countries

A DebugIT workbench

A Results are made comparable to other studies /
benchmarks
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Analysis 0 Data mining

=

sssuoasst

-
[=]

(1=

QU7 Q07T Q0T Q407 QUDE Q08 Q308 Q4B QLS Q208 Q308 Q409

Acinetobacter baumannii .f. Cefepim (Timeline and MIC values)

B e & 3835 33

— -

'y

Tes=
o ]
zms
e
ps |
B>
o< ]

a1
+a

o=
o7
ZEm>
ZEm=
e
P

slide74 DebugIT Scientific Advisory Boartl 81of November 2010




Results are made comparable

-
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Conclusion

A Data normalization is an indispensable task in secondary
usage of clinical routine data across different sites

A Our tools allow for normalization of clinical data with high
quality

A Those tools are easily to be adapted to other domains
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Structured data mining

Presented by Alexandros Kalousis

G ecee »
debuglT
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The data mining setting in few words

ACentral Concept: Episode Of Care (EOC). A Spatio-Temporal
Sequence of events.

AVain event types:
Antibiograms
Areatments
AThe more complex DM tasks have a strong temporal dimension

Ao address them we need causal information, which is not
recorded anywhere.

slide78 DebugIT Scientific Advisory Boartl 81of November 2010



Relations Between Events

A To answer the DM gquestions we have to extract from
the EoCs subsequences of events that are related,

e.g..
the result of i ¢ u | X ded #e doctor to prescribe

Nt r eal ondichtwas subsequently verified with
Nanti bZ@gr am

o1l /_\ ol

A Things get much trickier within a real episode of care

o000 »
debugIT
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AN EPISODE OF CARE
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