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Schedule TU

Grazsm

. Structured Data: Coding, Classification (ICD, SNOMED, MeSH, UMLS)

[
~ w

. Biomedical Databases: Acquisition, Storage, Information Retrieval and Use

. Semi structured and weakly structured data (structural homologies)

. Multimedia Data Mining and Knowledge Discovery

. Knowledge and Decision: Cognitive Science & Human-Computer Interaction

. Biomedical Decision Making: Reasoning and Decision Support

]
\o) Co N (@) )

. Intelligent Information Visualization and Visual Analytics
= 10. Biomedical Information Systems and Medical Knowledge Management
= 11. Biomedical Data: Privacy, Safety and Security

= 12. Methodology for Info Systems: System Design, Usability & Evaluation
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Keywords of the 3th Lecture Ty

= Biomedical Ontologies

= Classification of Diseases

= |International Classification of Diseases (ICD)
= Medical Subject Headings (MeSH)

= Modeling biomedical knowledge

" Ontology Languages (OL)

= Resource Description Framework (RDF)

= Standardized Medical Data

= Systematized Nomenclature of Medicine (SNOMED)
= Unified Medical Language System (UMLS)

= Work domain model (WDM)
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Learning Goals: At the end of this 3rd lecture you ... Ty

... have acquired background knowledge on some issues in
standardization and structurization of data;

... have a general understanding of modeling knowledge in
medicine and biomedical informatics;

... got some basic knowledge on medical Ontologies and
are aware of the limits, restrictions and shortcomings of
them;

... know the basic ideas and the history of the
International Classification of Diseases (ICD);

... have a view on the Standardized Nomenclature of
Medicine Clinical Terms (SNOMED CT);

... have some basic knowledge on Medical Subject
Headings (MeSH);

... understand the fundamentals and principles of the
Unified Language System (UMLS);
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Advance Organizer (1/2) TU

Grazsm

= Abstraction = process of mapping (biological) processes onto a series of concepts
(expressed in mathematical terms);

= Biological system = a collection of objects ranging in size from molecules to
populations of organisms, which interact in ways that display a collective function or
role (= collective behaviour);

= Coding = any process of transforming descriptions of medical diagnoses and
procedures into standardized code numbers, i.e. to track health conditions and for
reimbursement; e.g. based on Diagnosis Related Groups (DRG)

= Data model = definition of entities, attributes and their relationships within complex
sets of data;

=  DSM = Diagnostic and Statistical Manual for Mental Disorders

= Extensible Markup Language (XML) = set of rules for encoding documents in machine-
readable form.

=  GALEN = Generalized Architecture for Languages, Encyclopedias and Nomenclatures in
Medicine is a project aiming at the development of a reference model for medical
concepts

= |CD = International Classification of Diseases, the archetypical coding system for patient
record abstraction (est. 1900)

= Medical Classification = provides the terminologies of the medical domain (or at least
parts of it), there are 100+ various classifications in use;

= MeSH = Medical Subject Headings is a classification to index the world medical
literature and forms the basis for UMLS
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Advance Organizer (2/2) T ]

= Metadata = data that describes the data;

= Model = a simplified representation of a process or object, which describes its
behaviour under specified conditions (e.g. conceptual model);

= Nosography = science of description of diseases;
= Nosology = science of classification of diseases;

= Ontology = structured description of a domain and formalizes the terminology
(concepts-relations, e.g. IS-A relationship provides a taxonomic skeleton), e.g.
gene ontology;

= Ontology engineering = subfield of knowledge engineering, which studies the
methods and methodologies for building ontologies;

= SNOMED = Standardized Nomenclature of Medicine, est. 1975, multitaxial
system with 11 axes;

= SNOP = Systematic Nomenclature of Pathology (on four axes: topography,
morphology, etiology, function), basis for SNOMED;

= System features = static/dynamic; mechanistic/phenomenological;
discrete/continous; deterministic/stochastic; single-scale/multi-scale

= Terminology = includes well-defined terms and usage;

= UMLS = Unified Medical Language System is a long-term project to develop
resources for the support of intelligent information retrieval;
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Glossary TU
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= ACR = American College of Radiologists

= APl = Application Programming Interface

=  DAML = DARPA Agent Markup Language

= DICOM = Digital Imaging and Communications in Medicine

= DL = Description Logic

= ECG = Electrocardiogram

=  EHR = Electronic Health Record

=  FMA = Foundational Model of Anatomy

=  FOL = First-order logic

= GO =Gene Ontology

= |CD = International Classification of Diseases

= |OM = Institute of Medicine

=  KIF = Knowledge Interchange Format, a FOL-based language for knowledge interchange.
=  LOINC = Logical Observation Identifiers Names and Codes

=  MeSH = Medical Subject Headings

=  MRI = Magnetic Resonance Imaging

= NCI = National Cancer Institute (US)

= NEMA = National Electrical Manufacturer Association

=  OIL=0Ontology Inference Layer (description logic)

=  OWL = Ontology Web Language

=  RDF = Resource Description Framework

=  RDF Schema = A vocabulary of properties and classes added to RDF
= SCP = Standard Communications Protocol

=  SNOMED CT = Systematized Nomenclature of Medicine — Clinical Terms
=  SOP = Standard Operating Procedure

=  UMLS = Unified Medical Language System
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Key Problems T ]

= To find a trade-off between standardization and
personalization [1];

" The large amounts of non-standardized data and
unstructured information (“free text”) [2];

" Low integration of standardized terminologies in
the daily clinical practice (Who is using e.g.
SNOMED, MeSH, UMLS in daily routine?);

" Low acceptance of classification codes amongst
practitioners;

1. Holmes, C., Mcdonald, F., Jones, M., Ozdemir, V., Graham, J. E. 2010. Standardization and Omics Science: Technical and
Social Dimensions Are Inseparable and Demand Symmetrical Study. Omics-Journal of Integr. Biology, 14, (3), 327-332.

2. Holzinger, A., Schantl, J., Schroettner, M., Seifert, C. & Verspoor, K. 2014. Biomedical Text Mining: State-of-the-Art,
Open Problems and Future Challenges. In: LNCS 8401. Berlin Heidelberg: Springer pp. 271-300.
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FOR A FAIR SELECTION
EVERYBODY HAS TO TAKE

THE SAME EXAM: PLEASE
CLIMB THAT TREE
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The Seven Layers of OSI

. User )
Sy Trgn?;nlt Rggtiéve
1  Applcation Layer A
~ Presentation Layer
Session Layer
’ 7 Transport Layer
- NetworkLayer
~ Datalinklayer
1SO7498-1
INTERN, \ll()\\l ———> Physical Link ——~
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Slide 3-1 Quest for standardization as old as med. informatics il

TU
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IEEE TRANSACTIONS ON BIOMEDICAL ENGINEERING, VOL. BME-19, NO. 5, SEPTEMBER 1972

HEWLETT-PACKARD

LIBRARY**

Standardization and Health Care auG 181372
N-CIRCULATING

J. H. U. BROWN, SENIOR MEMBER, IEEE, AND DEWITT JAMES LO

Abstract—In order to deliver reasonable health care to all people, it is
essential that standards be established. Standards vary with the type of
control and with the approach desired in determining the quality
of care. This paper discusses various kinds of standards and their ap-
plication in the health care field. Standards may be determined as a
process or as a direct regulation. It is probable that regulation of stan-
dards by process is the most satisfactory method.

INTRODUCTION

OCIETY cannot exist without a yardstick by which its ac-

complishments or failures are measured. Such yardsticks

are called standards. They are created by the need for regu-
lation and control as an escape from anarchy or to motivate
towards greater achievement. In the ultimate, society dictates
these limits by the demands it places upon itself. Standards
provide opportunities for security and augmentation of pro-
cess and output by virtue of the goal and process structure
that they provide.

Lo Not Remove
From Library

arbiter may be the market place or agencies that rely on ex-
pertise from many sources to set acceptable standards of qual-
ity or performance. For these reasons, the final moderator
may be found in a governmental authority, and its delegation
into a system of regulation, law, and judicial action, so that an
established code can become the focal point of resolution.

THE OBJECTIVES OF STANDARDIZATION

Standards have value within themselves in that they help es-
tablish quality. However, they accomplish more for society
than the mere establishment of a level of quality and perfor-
mance. A standard allows coordination of effort between
producers so that like products can be produced. It permits
the reproduction of similar units in mass quantity and permits
the consumer to judge one product or service against another
by performance. It establishes freedom of interchange of ma-
terial and ideas, and permits the activity in one part of society

Brown, J. H. U. & Loweli, D. J. (1972) Standardization and Health Care.
IEEE Transactions on Biomedical Engineering, BME-19, 5, 331-334.
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Slide 3-2 Still a big problem: Inaccuracy of medical data T ]

= Medical (clinical) data are defined and detected
disturbingly “soft” ...

= ... having an obvious degree of variability and inaccuracy.

= Taking a medical history, the performance of a physical
examination, the interpretation of laboratory tests, even
the definition of diseases ... are surprisingly inexact.

= Data is defined, collected, and interpreted with a degree
of variability and inaccuracy which falls far short of the
standards which engineers do expect from most data.

= Moreover, standards might be interpreted variably by
different medical doctors, different hospitals, different
medical schools, different medical cultures, ...

Komaroff, A. L. (1979) The variability and inaccuracy of medical data.
Proceedings of the IEEE, 67, 9, 1196-1207.
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Slide 3-3: The patient-clinician dialogue (from 1979) TU

Patient provides Clinician collects/
information interprets information
- Patient seeks Clinician makes tentative
medical care decisions about.diagnosis,
treatment, and prognosis
Patient responds with Clinician describes/
certain feelings, and explains these
decides to take decisions to patient
those therapeutic
actions recommended
by ¢clinician
Patient's response influences clinician's decisions
Clinician's description/explanation influences patient's response
Komaroff (1979) | Qutcome of medical care |-

Clinician influences patient's giving of information

Patient influences clinician's reception of information

¥
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Slide 3-4 Standardized data ... ﬂTU

= .. ensures that information is interpreted
by all users with the same understanding; E
>
SN -9

= supports the reusability of the data, 5

= improves the efficiency of healthcare services and
= avoids errors by reducing duplicated efforts in data entry;

= Data standardization refers to
= 3) the data content;
= b)the terminologies that are used to represent the data;
= ¢) how data is exchanged; and

= jv) how knowledge, e.g. clinical guidelines, protocols, decision
support rules, checklists, standard operating procedures are
represented in the health information system (refer to IOM ).

= Elements for sharing require standardization of identification,
record structure, terminology, messaging, privacy etc.

= The most used standardized data set to date is the
International Classification of Diseases (ICD), which was first
adopted in 1900 for collecting statistics (Ahmadian et al. 2011)
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Slide 3-5: Complex Example: Non-Standardized Data TU
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pRAGMATICg

Thomas, J. J. & Cook, K. A.
2005. llluminating the path:
The research and
development agenda for
visual analytics, New York, ”’Ban,r _ i
IEEE Computer Society Press. N9 in context of
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Example: ECG TU
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Slide 3-6: Example: Annotated ECG signal in HL7 Standard Ty
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Slide 3-7: Standardized workflow of ECG data processing TU
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Patient Aquisition Pre-processing Storage Post-processing Visualisation  Userinteractionand Interpretation and

i.e.12-ead ECG, VCG, BSPM. e and parsing data exploration diagnosis

Data mining and querying is

Bond, R. R,, far more efficient than paper  ajjows for effective electronic
Finlay, D. . | based systems. transfer of the ECG, i.e. via
Electronic format disregards email.
D., Nugent, any misplacement of paper Brings commonality when
C.D. & based ECGs. integrating the ECG into
Moore, G. _ _ hospital information systems,
Allows for effective serial
(2011) A comparisons.
review of

Allows for cooperation and

ECG collaboration among experts. Rationale for a standard Retains the actual numerical
storage electronic ECG storage format data whereas a paper based
formatS. ECG does not.
/ . Easier to extract data for
nternation post processing.
al Journal
of Medical | tient
| nfo rmatics mproves patent care. Removes the need for

) ) inter-format conversion
80, 10, Saves money. EnEa(l::lgs :ffte\jtlve (sj:fanngtof software.

S Detween qAilferen

681-697. hospitals.

. A. Holzinger 709.049 18/82 Med Informatics LO3




Slide 3-8: Standardization of ECG data (1/2) ﬂTU

" There has been a large number of ECG storage
formats proclaiming to promote interoperability.

" There are three predominant ECG formats:
= SCP-ECG (1993, European Standard, Binary data)
= DICOM-ECG (2000, European Standard, Binary data)
= HL7 aECG (2001, ANSI Standard, XML data)

= A mass of researchers have been proposing their
own ECG storage formats to be considered for
implementation (= proprietary formats).

" Binary has been the predominant method for
storing ECG data

Bond, R. R, Finlay, D. D., Nugent, C. D. & Moore, G. (2011) A review of ECG storage formats.
International Journal of Medical Informatics, 80, 10, 681-697.
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Slide 3-9: Standardization of ECG (2/2)

TU
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= Overview on current ECG storage formats

ECG format Year Method of Specification Viewers
implemen-
tation

SCP-ECG 1993 BINARY Can be freely downloaded from the Internet Freely available SCP-ECG Viewer made
[7]. by EcgSoft [8].

DICOM-WS 30 2000 BINARY Can be freely downloaded from the Internet Freely available DICOM-ECG viewer
[5]. made by Charruasoft [9].

HL7 aECG 2001 XML The XML Schema can be used as the Freely available aECG viewer by AMPS
specification or the implementation guide [10].
by AMPS [6].

ecgML 2003 XML Can be freely downloaded from the Internet None currently exist. Under
[11]. development.

MFER 2003 BINARY Can be freely downloaded from the Internet Freely available MFER viewer [13].
[12].

Philips XML 2004 XML The specification is packaged with the Philips viewer. Not freely available.
actual product.

XML-ECG 2007 XML Can be freely downloaded from the Internet XML-ECG viewer [14]. Not freely
[14]. available.

mECGmlI 2008 XML Can be freely downloaded from the Internet mECGmI mobile viewer [15]. Not freely
[15]. available.

ecgAware 2008 XML Can be freely downloaded from the Internet TeleCardio viewer [16). Not freely

[16].

available.

Bond, R. R, Finlay, D. D., Nugent, C. D. & Moore, G. (2011) A review of ECG storage formats.
International Journal of Medical Informatics, 80, 10, 681-697.

. A. Holzinger 709.049
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Slide 3-10: Example of a Binary ECG file TU
Patient
3120 08 20 18 20 55 49 2a 20 31 2e 32 2e 38 32 1. . UI* 1.2.82
L 36 2e 30 2e 31 2e 33 34 34 37 31 2Ze 32 2e 34 34 6.0.1.34471.2.44
i subject se 36 2e 32 30 30 32 31 3l 82 32 80 39 31 30 380 .6.2002112209100
of J0 2e 2e 31 08 20 20 20 44 41 08 20 32 30 30 32 Mo ke Da. 2002
1,11 2l 8l 32 82 08 20 23 2U 44 41 08 20 32 30 30 32 1122. # DA. 2002
* 31 31 32 32 08 20 2a 20 44 54 0Oe 20 32 30 30 32 1122. * DT. 2002
Study 31 31 32 32 30 39 31 30 30 30 08 20 30 20 54 4d  1122091000. 0 TH
06 20 30 39 31 30 30 30 08 20 33 20 54 44 06 20 - 091000. 3 TM.
1 30 39 31 30 30 30 08 20 50 20 53 45 20 20 08 20 091000. P SH
60 20 43 53 04 20 45 43 47 20 08 20 70 20 4dc 4f * CS. ECG . p LO
08 20 55 6e 6b 6e 6f 77 e 20 08 20 90 20 50 4e . Unknown . 0O PN
l,Il 20 20 08 20 60 10 50 4e 20 20 08 20 70 10 350 4e PN . p.PN
) 20 20 08 20 90 10 4c 4f 06 20 45 4c 49 32 35 30
Series 10 20 10 20 50 4e 06 20 73 6d 63 74 68 20 10 20 .
1 20 20 4c 4f 08 20 53 42 da 2d 31 32 33 20 10 20
30 20 44 41 08 20 31 39 395 33 30 35 30 @88 10 20 0O DA. 19530508.
40 20 43 53 02 20 4d 20 10 20 20 10 d4c 4F 20 20 @ C3. M . .LO
10 20 10 10 41 53 20 20 10 20 20 10 44 53 20 20 5 oy 5 Bk
1’“ 10 20 30 10 44 53 20 20 18 20 20 10 4c 4f 20 20 0D = ],
Waveform

Bond et al. (2011)
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Slide 3-11: Example of a XML ECG file TU
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<sequenceSet>

{component>
<sequence>
<code code="TIME_ABSOLUTE" codeSystem="2.16.840.1.113883.5.4"
codeSystenlName="ActCode” displayName="Aboslute Time" />

<value xsi:type="GLIST_T35'">

<head wvalue="20021122091000.000" />

</value>
</sequence>

</conponent>

<conmponent>

Bond et al. (2011)
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How do we represent
biomedical knowledge?

and the relation
between them
“Real world"
situation f———-"
Comparison
and
refinement
Prediction
and
verification |Evaluation
of the new
relation

Ol

©

Identify a limited

number of quantities @

Mathematical
model

Mathematical
solution

New relation
among
quantities
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Examples for famous knowledge representations TU.

Mathematical Logic Psychology Biology Statistics Economics

Aristotle

Descartes

Boole James Laplace Bentham
Pareto

Frege Bernoullii Friedman

Peano

Hebb Lashley Bayes

Goedel Bruner Rosenblatt

Post Miller Ashby Tversky, Von Neumann

Church Newell, Lettvin Kahneman Simon

Turing Simon McCulloch, Pitts Raiffa

Davis Heubel, Weisel

Putnam

Robinson

Logic Connectionism Causal Rational

PROLOG KBS, Frames Networks Agents

Davis, R., Shrobe, H., Szolovits, P. 1993 What is a knowledge representation? Al Magazine, 14, 1, 17-33.
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Slide 3-12 Example for Modeling of biomedical knowledge myiflaTU

Grazsm

Mean Arterial

/ Blood Pressure \
Cardiac Total Peripheral
Qutput Resistance \
Heart Stroke Arteriolar Blood
Rate Volume Radius \ Viscosity
Parasympathetic Sympathetic End Local Extrinsic # Red
Activity Activity Diastolic Metabolic Vasoconstrictor Blood Cells
r Volume Control Control
Venous Cardiac Suction Sympatheti Va i
Ve ympathetic sopressin and
Vi?\?;: — Return Effect Activity and Angiotensin Il
/ I \ Epinephrine
Blood Skeletal Muscle /
Volume Respiratory Activity

Activity

I

Vasopressin renin-angiotensin
Passive bulk flow
between vascular and

aldosterone system
interstitial compartments

Hajdukiewicz, J. R., Vicente, K. J., Doyle, D. J., Milgram, P. & Burns, C. M. (2001)
Modeling a medical environment: an ontology for integrated medical
informatics design. International Journal of Medical Informatics, 62, 1, 79-99.

Salt/Water Balance
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Slide 3-13: Creating a work domain model (WDM) TU

Medical
Equipment

Nurse

Surgeon

|

R

Patient . i
wm t
4
(Q Surgeon D

Nurse

Hajdukiewicz, J. R.,
Vicente, K. J., Doyle, D.
J., Milgram, P. & Burns,
C. M. (2001) Modeling a
medical environment: an
ontology for integrated >
medical informatics
design. International
Journal of Medical
Informatics, 62, 1, 79-99. A,_t,’isetrr:fgr';”
Framework

Work Domain
(Patient)

Aggregation

Body | System | Organ Tissue Cdl

Processes

uonaIensqy

Work Domain Model
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Slide 3-14: Partial abstraction of the cardiovascular system ﬂ

Hajdukiewicz
et al. (2001)

Level of
Abstraction

Cardiovascular Example

Adequate Blood Volume

Adequate Circulation

Purposes
\ /
\ /
Mass _ Mass ___ Mass ___ Mass
Balances Inflow Store Transfer Outflow
/ >’KA\~\ N
/ —— / ~
Blood Pulmonary  Systemic Blood Blood
Processes Infusion Circulation _ Circulation \olume Loss WHAT?
/ S AN /
| /ﬁlar/Heart Function \ /
Physiology | Vein Radius (HR, rhythm, Large vein  Artery
. contractlllty) / y,
Anatomy

Med Informatics LO3
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Slide 3-15: WDM of: (a) the human body

TU
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Level of Aggregation

a)
Body System Organ Tissue Cell
Homeostasis i i .
o (Maintenance of | " Bload vorma. Adequate Organ Adequste Tiesue Adequats Colutse
urposes | : - Perfusion, Blood Flow xygenation an Oxygenation an
P Envli‘rt:::;nt) Oxygenation, Ventilation Perfusion Perfusion
c
°]
- Balances: Mass and |System Balances: Mass | Organ Balances: Mass | Tissue Balances: Mass | Cellular Balances: Mass
o Balances Energy Inflow, and Energy Inflow, and Energy Inflow, and Energy Inflow, and Energy Inflow,
E Storage, and Outflow Storage, Outflow, and Storage, Outflow, and Storage, Outflow, and Storage, Outflow, and
‘t;; . Transfer " Transfer * Transfer " Transfer -
Total Volume of Body . .
g Fluid, Temperature, oCl;;tilr?:lfgr,' PoelfusioBI'II F’r:?:s:ure. Tissue Oxygenation, Cell Metabolism,
Supply: 02, Fluids, Ux) uon, rgan Blood Flow, | pocpirati i Chemical Reaction,
O | Processes | s, ank con Vo e | Vascular Resistance espiration, MetzbolSM | ginding, Inflow, Outlow
o Fluids, Wastes
> uias, a
Q
-
; System Organ Tissue Cellular
P h ys lOlOQy Function Function Function Function
Organ Tissue Coellular
Anatomy Anatomy Anatomy Anatomy
— ‘ —— e ——
;‘ a9 * Balances include: Water, Salt,
-~
. . . ~ Electrolytes, pH, O3, CO5
Hajdukiewicz 1 N
~
et al. (2001) ff N
~




Slide 3-16: WDM of: (b) the cardiovascular system TU.
! N
System Subsystem Organ Component
Adegquate Circulation
Purposes and
- Blood Volume
'9
il . . .
; . Pulmenary and Systemic Organ Vascular Network: Vascular Components:
3 Balances Cﬁ?;:ﬁ:ﬁ::arstso{:te: ' Systems: Balance Mass Flows;| Balance Mass Flows; Mass Balance Mass Flows, Mass
- and Outflow ge. Mass Inflow, Storage, Inflow, Storage, Outfiow , inflow, Storage, Outflow,
n Outflow, and Transfer and Transfer and Transfer
2
“<_ Pulmonary and Systemic o %grdi?:tigm(pPurtéssure Circulation through Vascular
i i i Circulation (Pressure, Flow, rgan Lircuation ure, | Components (Pressure, Flow,
o Processes Clrcustzt;%:}; :32";;': luid Re;;;lanée) énd Volume, Fluig | _Flow. Resistance), Fluid Resistance), Vascular Blood
© Supply and Sink SUDD\*}; ::lﬁ'l;"&m;:kea"h Volume, Fluid Supply and Sink
>
Q
A o= . ) .
i Cardiovascular Pulmonary and Systemic Cardiac Function A:‘:L:::’ :rel:;(ir;ﬁ:ay;:“;t:sn.
PhySIOIOQy System Function System Function (Heart Rate, Rhythm) Venulé, Venous Function
Cardiac Atrial, Ventricular,
Anatomy Anatomy and Vascular Anatomy

Hajdukiewicz et al. (2001)
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Slide 3-17: Example: Mapping OR sensors onto the WDM  milaTU
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Level of Aggregation

Divergent
System Organ Tissue Cell ;
N Body y g Mapping

~ | Purposes Sensor 1
9O
° ECG waveform
g Balances
7]
2 One-to-one
...6 Processes Mapping
[
@ | Physiology Sensor 2
—
Pulse
Anatomy
No Mapping
Sensor 3 C%’;’;ﬁﬁ;’ Sensor 4 Sensor 5
Hajdukiewicz __ |
et al. (2001) Arterial BP Non-invasive Oxygen Tank
waveform BP cuff Level
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Slide 3-18: Integrated medical informatics design for HCI TU
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Interface .
Patient I:,Medu:zal |
r
Content & Structure - Form ersonne
N
pad
Body Syste Organ Tissu Cell —

\ ysiem rga sue ﬂ : I i h
Purposes * _‘_{._1_ ﬁz
Belances Anesthe-| @ M ¢

siologist
Processes
Physiology
Anatomy i >
Surgeon

Patient Work Domain Model
Hajdukiewicz et al. (2001)

Display Form
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Slide 3-19: A simple question: What is a Jaguar? TU

Grazsm
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Slide 3-20 The first “Ontology of what exists” TU

Grazsm

_//ﬁEE'S’tan{;e\
material immaterial
Body Spirit
A animate inanimate
* 384 BC 4322 BC ///E\_{mg\ Mineral
sensitive Insensitive
Simonet, M., Messai, R., Diallo, G. Animal Plant
& Simonet, A. (2009) Ontologies in /\
the Health Field. In: Berka, P., ratianal T
Rauch, J. & Zighed, D. A. (Eds.)
Data Mining and Medical x \
Knowledge Management: Cases Human Beast
and Applications. New York, /.m
Medical Information Science Socrates Plato Aristotle etc.
Reference, 37-56.
Later: Porphyry ( = 234-305) [ tree
. A. Holzinger 709.049 34/82 Med Informatics LO3




Slide 3-21: Ontology: Classic definition Ty

= Aristotle attempted to classify the things in the world - where
it is employed to describe the existence of beings in the world;

= Artificial Intelligence and Knowledge Engineering deals also
with reasoning about models of the world.

= Therefore, Al researchers adopted the term 'ontology' to
describe what can be computationally represented of the
world within a program.

= “An ontology is a formal, explicit
specification of a shared
conceptualization”.

= A 'conceptualization' refers to an abstract model of some
phenomenon in the world by having identified the relevant
concepts of that phenomenon.

= 'Explicit' means that the type of concepts used, and the constraints
on their use are explicitly defined.

Studer, R., Benjamins, V. R. & Fensel, D. (1998) Knowledge Engineering: Principles and
methods. Data & Knowledge Engineering, 25, 1-2, 161-197.
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Slide 3-22: Ontology: Terminology Ty

" Ontology = a structured description of a domain
in form of concepts € relations;

" The IS-A relation provides a taxonomic skeleton;
= Other relations reflect the domain semantics;
" Formalizes the terminology in the domain;

" Terminology = terms definition and usage in the
specific context;

= Knowledge base = instance classification and
concept classification;

= Classification provides the domain terminology
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Slide 3-23: Additionally an ontology may satisfy: TU

Grazsm

(1) In addition to the 1s-A relationship, partitive (meronomic) relationships may hold between concepts,
denoted by paRT-OF. Every PART-OF relationship is irreflexive, asymmetric and transitive. 1S-A and
PART-OF are also called hierarchical relationships.

(2) In addition to hierarchical relationships, associative relationships may hold between concepts. Some
associative relationships are domain-specific (e.g., the branching relationship between arteries in
anatomy and rivers in geography).

(3) Relationships r and r" are inverses if, for every pair of concepts x and y, the relations (x, r, y) and
(v, r’, x) hold simultaneously. A symmetric relationship is its own inverse. Inverses of hierarchical
relationships are called INVERSE-IS-A and HAS-PART, respectively.

(4) Every non-taxonomic relation of x to z, (x, r, z), is either inherited ({y, r, z)) or refined ({y, r, Z’)
where 7z’ is more specific than z) by every child y of x. In other words, every child y of x has the same
properties (z) as it parent or more specific properties (z').

Spatial
dimension
B Mon-physical
anatomical entity

Non-material physical
anatomical entity

Zhang, S. & Bodenreider, O. 2006. Law
and order: Assessing and enforcing
compliance with ontological modeling
principles in the Foundational Model

of Anatomy. Computers in Biology and
Medicine, 36, (7-8), 674-693.

Material physical
anatomical entity

Dimensionality
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Slide 3-24: Ontologies: Taxonomy TU

Grazsm

A

General logic

£ | Formal ontologies Modal logic

% First-order logic

n Description logic

g Propositional logic

> Formal languages

L Frames
Blobel, B. Formal taxonomies
(2011) Ontology Data models

. Meta-data an
driven health ela-data and XML Schema
information data models Database schemas
sys’ch(a{nst Principled, informational hierarchies
architectures
XML DTD -
Thesauri and
enable pHealth Structured glossaries .
for empowered Thesaun taxonomies
patients. . .
International Ad r? ati.dlctlor;]grles
Journal of . O(f, erarchies Glossaries and data
. ordinary” glossaries o ]

Medical Terms dictionaries
Informatics, 80, >
2, e17-e25. Formalization
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Slide 3-25 Example of a conceptual structure from CogSci TU

Concept: ©

IS-A R elationship: —p
Part-Of Relationship: —_—

Grazm
Cognitive
Function

Transversal Relationship:
Retrograde " Anterograde
Memory \ Memory 4
L evaluates Cerebral

e~ Temporal
Lobe
Test } Parietal
_
Picture ‘
Naming

Simonet, M., Messai, R., Diallo, G. & Simonet, A. (2009) Ontologies in the Health Field. In:
Berka, P., Rauch, J. & Zighed, D. A. (Eds.) Data Mining and Medical Knowledge Management:
Cases and Applications. New York, Medical Information Science Reference, 37-56.

Frontal
Lobe

Occipital i
Lobe i

Object
Assembly
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Slide 3-26: Examples of Biomedical Ontologies TU

Grazsm

Name Ref. | Scope # PR NS Slfbs‘ Version / Notes
onepls | Min | Max | Med Avg | Hier.

(inical medicine

SHOMED CT 1) | (ationtrecods) 30314 | 1| @ 2 | 257 | yes | luy31,2007
| | ] | - | Version 2.21

LOINC [24] |  Qinical observotions and laboratory tests 46,406 1 3 3 285 | 'm0 | (no“notural longuage” nomes)
FMA [25] | Muman anatomicol structures ~72,000 ] ? 2 [~150 | yes | (notyetinthe UMLS)
Gene Ontology (28] | Functional annotation of gene products 72546 1| Vol 215 | yes | Jon.2,2007
Relorm [31] | Stondard nomes for prescripfion drugs 93426 | 1 2 1| 100 | no | Aug. 31,2007
NCI Thesaurus [34] Cancer research, dinical care, public information 58,868 1 100 2 7 68 yes 2007 05E

Diseases and conditions

Biomedicine (descriptors for indexing the
MeSH B8] | frerorure) 24767 | 1 | 208 S | 747 | no | Aug.27,2007
UMLS Meto. [41] | Teminology integrafion in the life sciences 1AM | 1 | 3% 2 | 377 | wa | 2007AC (English only)

Bodenreider, O. (2008) Biomedical ontologies in action: role in knowledge management, data
integration and decision support. Methods of Information In Medicine, 47, Supplement 1, 67-79.
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Slide 3-27: Taxonomy of Ontology Languages Ty

= 1) Graph notations
= Semantic networks
* Topic Maps (ISO/IEC 13250)
» Unified Modeling Language (UML)
= Resource Description Framework (RDF)
= 2) Logic based
= Description Logics (e.g., OIL, DAML+OIL, OWL)
= Rules (e.g. RuleML, LP/Prolog)
" First Order Logic (KIF — Knowledge Interchange Format)
= Conceptual graphs
= (Syntactically) higher order logics (e.g. LBase)
= Non-classical logics (e.g. Flogic, Non-Mon, modalities)

= 3) Probabilistic/fuzzy
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Slide 3-28 Example for (1) Graphical Notation: RDF

TU

Grazs
Tal¥e I Yeast sirains used in the study by Hermanm e al [1997)
Mame Ganorype ® SOnrce
I Ev—

Ontolo I:‘l'!ll .H.-'I.::"'.r lep2Al wm 1'-5.:_ I. Winston
9y . Fy2l MAT his3A200 wrei-52 F Winston
Organlsm GHY1 MAT lew2 AL his3A200 nrad-52 mdm20- This study
ISY7OF MAT hisIA2N pres-52 (pee [0 HIS3 This study
ISYO44 MAT I 28 1A e ] ur 3-52070rm3-52 Tl =ty
J5V9R  MATY lew2Al hisIALND nrad-52 Thils sty
ISYI065  MATS lew2 AT hsIAZN orad-52 mdm 2008 This studly

All of the GYH and JSY strains used
| in this study are isogenic to FY10

\(Winston etal, 1995.)

( Yeast strains used ih
the study by Hermann ihy

/H/erman et al, J®
Biol 137(1): 141- W

s@f

Table 1

y

Yeast strain|

Entity type

h;'IJ;Tc Ieui\lﬁ_\\\
__ura3-52 L

——

ISVl
JEY1138
JEY1.245
I5¥1 340

I5¥1374

ABY 1249

IGY4

SLYed

LEL2

MATz lew2 Al hisIAZO0 nrad-52 fpm TD0HISS
MAT lew2 A LAew2A L his3A200 Ris3A 200

ks sty
Thiis stucy

urad-52 nrad-52 tpm Dy HISES +

mulm 200 LEU2/ +

MATx len2 Al his3A200 nro3-52 pmdix:

HIS3

MAT lee2 A0 ks IASD uras-52 madm 2000

LEL2

MAT lew2 A LArnIA T Mis3AN0 s A0

Thiis study
Thies stuely

This stucy

w352 nrad-52 tpmdD:HIS3 + mdm200::

LELILS 4

MATz lend-3, 112 prad-52 hs2-800 aded- 100

ade3 bem- 1

MATS lped-3, 112 hisIAI0 nre3-52 lys2-501

ade? sty LELR

A Bretscher

A dlams

MATy lewd-3, 112 urad-52 orpl-1 hisé myod-66 5 Brown

Cheung, K.-H., Samwald,
M., Auerbach, R. K. &
Gerstein, M. B. 2010.
Structured digital tables on
the Semantic Web: toward
a structured digital
literature. Molecular

Properties o
i i e Systems Biology, 6, 403.
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Slide 3-29: Example for (2) Web Ontology Language OWL TU

Grazsm

Concept inclusion,

DL = Description Logic

Speak: All C1 are C2

Axiom Concept equ.ivalence O Synt E}(ample

Speak: C1 is equivalent to C2
Sub class GGG Alga C Plant = Organism
Equivalent class =6 Cancer = Neoplastic Process
Disjoint with Ci C -G Vertebrate C —Invertebrate
Same individual X1 =X Blue_Shark = Prionace_Glauca
Different from X1 C =Xy Sea Horse C —Horse
Sub property P, C P, has_mother C has_parent
Equivalent property Py =P treated_by = cured_by
Inverse Pi =P~ location.of = has_location™
Transitive property PtCEP part_of” C part_of
Functional property TC<1P T C< lhas_tributary
Inverse functional property TC< 1P T C< Thas_scientific.name~

Bhatt, M., Rahayu, W., Soni, S. P. & Wouters, C. (2009) Ontology driven semantic profiling
and retrieval in medical information systems. Web Semantics: Science, Services and
Agents on the World Wide Web, 7, 4, 317-331.
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Helpful: Handbook for Spoken Mathematics TU

Grazsm

Handbook for

web.efzg.hr/dok/MAT/vkojic/Larrys_speakeasy.pdf Spoken Mathematics

(Larry’s Speakeasy)

Lawrence A. Chang, Ph.D.

With assistance from
Carol M. White
Lila Abrahamson

HELPFUL: https://en.wikipedia.org/wiki/List_of mathematical_symbols

LaTeX Symbols : http://www.artofproblemsolving.com/wiki/index.php/LaTeX:Symbols

Math ML: http://www.robinlionheart.com/stds/html4/entities-mathml

The MathML Association promotes & funds MathML
implementations

MathML3 is an ISO/IEC International Standard
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Slide 3-30: OWL class constructors TU

Grazsm

Intersection/conjunction of concepts,
Speak: C1 and ...Cn

Constructor DL syntax xample

Intersection Cin...nGC, Anatomical_Abnormality m Pathological_Function
Union Ciu...uC, Body-Substance v Organic_.Chemical
Complement -C —Invertebrate

One of X1U...Uxp, Oestrogen LU Progesterone

All values from  VP.C VYco_occurs_with.Plant

Some values 3P. Jco_occurs_with.Animal
Max cardinality <n has_ingredient
Min cardinality = nP aingredient
Universal Restriction
Speak: All P-successors are in C
Existential Restriction
Bhatt et a|. (2009) Speak: An P-successor exists in C
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TU

Grazsm

Orde [ecwnd, i METHODI &bibent
i i SYSTEME FIGURE

DES CONNOISSANCES HUMAINES.
h:-TFENI}ILMF.NT.
MEMOIRL — F E4r3oN J'M.lt.‘ln'x!'.lﬁi.\'. s

R
- 133
“'mgrx w‘_m:“nu T
WY

I i C
1 44t

Frufiicitione wey ~—==~X¥ ]| FRAGMENT iy

XVII VAILLANTII . 517
: ""“'—‘-"{xwu PONLEDER By

' XX R‘f‘F ' s
XXI lhl I 51
- I_ Rlccse

ROLI LINNAI

‘!m M:ris Svacik Ancmatal; Mepic. & Boray,
ws- Ursar; Equitis auk. ne Steica Porars;

‘nec mon  AcAD. Iureg. Moxskir. Bexor. Toros.
Mm X Ussac. Stocxr. Soc. & Pamss. Coresr.

XLSPECIES
| ——{3pE ANTARUM.

t Flllmm-——-—-—--—-n——l[? EXHIBENTES
PLANTAS RITE COGNITAS,

GENERA RELATAS,

FPOESIE
—e e,
Lasnns Fasvanmn

FPHILOSOPFHIE

Pax \M

TiA- {

[2]
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Slide 3-31: Medical Classifications — rough overview ﬂTU

= Since the classification by Carl von Linne (1735)
approx. 100+ various classifications in use:
= International Classification of Diseases (ICD)
= Systematized Nomenclature of Medicine (SNOMED)
= Medical Subject Headings (MeSH)
=" Foundational Model of Anatomy (FMA)
= Gene Ontology (GO)
= Unified Medical Language System (UMLS)
" Logical Observation Identifiers Names & Codes (LOINC)
= National Cancer Institute Thesaurus (NCI Thesaurus)

. A. Holzinger 709.049 47/82 Med Informatics LO3




Slide 3-32: International Classification of Diseases (ICD) TU

Grazsm

World Health
Organization

K| Health topics Data and statistics  Media centre  Publications Countries  Programmes and projects  Ab

Q Search
Classifications

Family of International International Classification of Diseases (ICD)
Classifications
Family of International ICD-10 was endorsed by the Forty-third World Health Assembly in May 1930 and came
Classifications network into use in WHO Member States as from 1994, The classification i1s the latest in a
Elassiicahion of Disessesn seres which has its ongins in the 1650s. The first edition, known as the Intemational
(ICD] List of Causes of Death, was adopted by the International Statistical Institute in 1893.

Classification of Functioning, WHO took over the responsibility for the ICD at its creation in 1948 when the Sixth
Disability and Health (ICF) Rewvision, which included causes of morbidity for the first time, was published. The World
T Em—re—— Health Assembly adopted in 1967 the WHO Nomenclature Regulations that stipulate
Interventions (ICHI) use of ICD in its most current revision for mortality and morbidity statistics by all

Frequently asked questions Member States.

http://www.who.int/classifications/icd/en
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Slide 3-33: International Classification of Diseases (ICD) ﬂTU

= 1629 London Bills of Mortality

= 1855 William Farr (London, one
founder of medical statistics): List of
causes of death, list of diseases

= 1893 von Jacques Bertillot: List of
causes of death

= 1900 International Statistical Institute
(1SI) accepts Bertillot’s list
fZ% World Health

u 1938 Sth EdltiOn 5 Organization
= 1948 WHO A tedhiopics Duiasmd sinlsics | Mediaconke  Pubcaions | Couties | rogramnet s ohecs | Aboul WHO

Q Ssarch Advancad searnch
u 1965 I( D—8 Classifications
o afianal Claccification of Diceacae 146h Bavizion e dua by 2016
. 1 D 1 :'Il:g.:lr:.lnl-r.‘ IIIIIIIIIIIIIIII :’."_...ns......_,-._J_...,-.._w I Llassiiicauon of Uiseases ‘...L........!..k evision r IS due Oy <019
= Fomily of Inbeersational ICD s the Intematianal standard t i o hatalth. & hoalth sarvices
Clasadfications nateodk e, | e - + Mortality siatstics

2015 « Warhicity tatistics

= 20151CD-11due .. M
= 20181CD-11adopt 547

« Haalth care cosbs
« Progiess towards ihe Millenhmn Developmen] Goals
+ Ressanch

The alpha-dralt can bé viewed ooling at 1IC0-11 alpha bivfeces

- Alpha dall o updaled daily as the wodk progadse
= It bs Infenided o show tha ww Inatures to stakeholders aarly

Commenting will ba avalable in July 2011
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Slide 3-34: Systematized Nomenclature of Medicine SNOMEDlTY

= 1965 SNOP, 1974 SNOMED, 1979 SNOMED Il

" 1997 (Logical Observation Identifiers Names and
Codes (LOINC) integrated into SNOMED

= 2000 SNOMED RT, 2002 SNOMED CT

= u
|
INTERNATIONAL HEALTH TERMINOLOGY I\<—\
STANDARDS DEVELOPMENT ORGANISATION s "

239 pages
SNOMED CT®Technical Reference Guide

January 2011 International Release
(US English)

http://www.isb.nhs.uk/documents/isb-0034/amd-26-2006/techrefguid.pdf
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Slide 3-35: SNOMED Example Hypertension ﬂTU

A

24184005|Finding of increased blood pressure (finding) =2
38936003|Abnormal blood pressure (finding) AND
roleGroup SOME
(363714003|Interprets (attribute) SOME
75367002|Blood pressure (observable entity))

12763006|Finding of decreased blood pressure (finding)-=>
392570002|Blood pressure finding (finding) AND
roleGroup SOME
(363714003|Interprets (attribute) SOME
75367002|Blood pressure (observable entity))

Rector, A. L. & Brandt, S. (2008) Why Do It the Hard Way? The Case for an
Expressive Description Logic for SNOMED. Journal of the American Medical
Informatics Association, 15, 6, 744-751.
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Slide 3-36: Medical Subject Headings (MeSH) Ty

= MeSH thesaurus is produced by the National Library
of Medicine (NLM) since 1960.

= Used for cataloging documents and related media
and as an index to search these documents in a
database and is part of the metathesaurus of the
Unified Medical Language System (UMLS).

" This thesaurus originates from keyword lists of the
Index Medicus (today Medline);
= MeSH thesaurus is polyhierarchic, i.e. every concept
can occur multiple times. It consists of the three
parts:
= 1. MeSH Tree Structures,
= 2. MeSH Annotated Alphabetic List and
= 3, Permuted MeSH.

. A. Holzinger 709.049 52/82 Med Informatics LO3




Slide 3-37: The 16 trees in MeSH ﬂTU

1. Anatomy [A]

2. Organisms [B]

3. Diseases [C]

4. Chemicals and Drugs [D]

5. Analytical, Diagnostic and Therapeutic Techniques and Equipment [E]
6. Psychiatry and Psychology [F]

7. Biological Sciences [G]

8. Natural Sciences [H]

9. Anthropology, Education, Sociology, Social Phenomena [I]
10. Technology, Industry, Agriculture [J]

11. Humanities [K]

12. Information Science [L]

13. Named Groups [M]

14. Health Care [N]

15. Publication Characteristics [V]

16. Geographicals [Z]
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Slide 3-38: MeSH Hierarchy: e.g. heading Hypertension 1/2 il

TU

Grazsm

C. Diseases

T

CO01. Bacterial Infections

and Mycoses

C14. Cardiovascular
Diseases

C20. Immune System
Diseases

T |

C14.240 Cardiovascular

Abnormalities

C14.280 Heart
Diseases

C14.907
Vascular Diseases

e ]

C14.907.055
Aneurysm

C14.907.489
Hypertension

C14.907.940
Vasculitis

il (R,

C14.907.489.330
Hypertension,
Malignant

C14.907.489.480
Hypertension,
Pregnancy-Induced

C14.907.489.631
Hypertension, Renal

Hersh, W. (2010) Information Retrieval: A Health and Biomedical Perspective. New York, Springer.
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Slide 3-39: MeSH Example Hypertension 2/2 TU

National Library of Medicine - Medical Subject Headings
2011 MeSH

MeSH Descriptor Data

Return to Entry Page

Standard View. Go to Concept View; Go to Expanded Concept View

MeSH
Heading

Hypertension

‘Tree Number

Ic14.907.489

Annotation

not for intracranial or intraocular pressure; relation to BLOOD PRESSURE: Manual 23.27; Goldblatt kidney is HYPERTENSION
GOLDBLATT see HYPERTENSION, RENOVASCULAR.; hypertension with kidney disease is probably HYPERTENSION, RENAL, not
HYPERTENSION; venous hypertension: index under VENOUS PRESSURE (IM) & do not coordinate with HYPERTENSION;

PREHYPERTENSION is also available

Persistently high systemic arterial BLOOD PRESSURE. Based on multiple readings (_ BLOOD PRESSURE DETERMINATION),
hypertension is currently defined as when SYSTOLIC PRESSURE is consistently greater than 140 mm Hg or when DIASTOLIC

Scope Note
PRESSURE is consistently 90 mm Hg or more.
‘Entrv Term |Blood Pressure, High
‘See Also |Ant'|h3,fgertensive Agents
‘See Also I‘Jascular Resistance
Allowable
Qualifiers BLCFCICLCNCODHDIDTECEHEMENEPET GE HI IM ME ML MO NU PA PC PP PS PX RA RH RI RT SU TH UR US VE VI

Date of Entry [19990101

‘Unique ID

ID006973

http://www.nIm.nih.gov/mesh/
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Slide 3-40: MeSH Interactive Tree-Map Visualization (see L 9)

TU

Grazsm

MeSH thesaurus using XML sourcefile date:

Il 10 2O0F 1-5F-24 Ahd

Chemicals and Drugs (MeSH Category)

COrganizms (MeSH Category)

i Biological Sciences (MeSH Category)

Pha...

[ ] | Inorganic Chemicals

Biclogical Factors || Chemical Actio..

|| Elemerts

Antigens | Pharmacologl

ZI

Surfacs...

| |Potycyclic Co...

[ o o

Amino Acids, Peptides | and Proteins Heterocyclic Compounds Enzymes and Coenzymes Plants Animals Health Occupsations
Proteins [Heteraeyelic Compounds, 1... (|l Enzymes 11| |[_Plart Families and Groups | [ nwertebrates || fi[Hestth Service...
Azo.. [[Pyr... || Py || Pi.. |P_|| Hydrolazes Cricored ... Angiosperms Protozos || Arthr... Qrgan... ||Pati
e
"I% |_||_||_||_||_| Sar [[a L= ﬁ E&E H
- C o =
|—"—"—"—"—"—| elminths || b 0
0 ERE

Chordata Biological P ...
Wertehrates Cell P... flIm
Boo
| DU Eﬁaﬁ y
Edible Plarnts M |:|I2In‘== Hel B

i

Bacteria

Reprod ...

L |[DMA Wirus...

[ Gram-Megstive Bacteria |

[ ][, Joe] mmmsﬁ

Repr ...

Origanic Chemlcals

Hydrocarbons

e

um@

Oo=oo
ool

| Steroids ||Pal

Analytical, Diagnostic and Therapeutic T..

Physical Sciences (MeSHC ...

Psychistry and P ..

mu&

Dlagnosis Surgical Proce...

Matural Sciences

Behavior and B...

it

Chemistry

Physms |

An... |Phys...

Therapeu... |

Investigative ...
Cam... |i|
]

Dizeazes (MeSH Cates

ary)

Bacterial Infectia...

Congenital, Hereditar ...

Hemic and Lym...

Disorders of E.... |[Musculoskele... |[ Skin and...

| Bacterial Infecti...

[Genetic Dis...

Skin Diz .. |

uug
D%

Mervous Syatem Dise ...

|Female Geni.. | Endocrine ..

Mewr ... |[Central MNe... |

NE-“Q :.Bf;u'“mﬁ

oo LI

o] _|— Geni.. 4
e

_|I_|I'|£

Cardiovascular Dizes .

(CI0EE

="ilie|| YN Y-
: @a%eﬁﬂ o

|\-"asc:ular D..

0Bi%itl ——n==

| | Urala.. |

Lr ..
EII]
8y

|Nutrrt|0... Immun...

[GE:

Gen... ||Clin...
[ | om
[ I:|I:JI:II:I

Anatomy (MeSH Categary)

| Cells Body Re... |Muscul

Head | ||Ske|et... |

|—||‘|r|'n WE

Infarmation Scienc...

Information Scie...

Geographic Locstions (...

Geographic Locstions

|Ame..

Car ..

m@
= —|
Par

=z er Hi

Health Care (MeSH Cat ...
H

Persanz...

Health Care F...

Persons

B

Publicati...

Eckert, K. (2008) A methodology for supervised automatic document annotation. Bulletin of
IEEE Technical Committee on Digital Libraries TCDL, 4, 2.
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Slide 3-41: UMLS - Unified Medical Language System

TU

Grazsm

'b| Organism

e | Organism
Attribute

evaluation of

“...Finding |

property of

Rickettsia [Baeteﬁum]

]

| Animal

ar
Chlamydia

(asctason) [Fongss) [V )

[Invertebrate ] [Vertrate]

2422

Anatomical
Structure ) .
Laboratory ot Stgnor | T T pmmssof
Test Result Symptorn | 0w T
Embryonic Anatomical | e PInJury_nr L. . )
Structure Abnormality disrypts " iy Aunphibian [Reptﬂe] [Mammal]
4 CO”?:”Q""_"_. Body
Congenital Acouired Fully Formed o Substance =, Human
Abnormality | | Abnormality | e Anatomical i ;
- L, CONCELI Y B
; Seture 5 parter 3
| Body System |- e Body Space |} ——
[ ot Junction i Binlogic
conseplual { pataf H .
partof : i Function
Body Location
Body Part, Organ or | | Tissue Cell Cene or or Region
Organ Component ‘ L Component | | Genotne Physialogic Pathologic
» SR A Function Function
e partef L S /
partof partof parfof
Organistm | | Organ or Cell Molecular Cell or Disease or | | Ezperimental
Function Tissue Function Function Iolecular Syndrome o del
Function Dzfunction of Dizease
Iental Cenetic Ifental or Meoplastic
iza links Process Function Behavioral Process
----------------- »  non-isarelations Dysfunction
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Slide 3-42: http://www.nlm.nih.gov/research/umls/

U.S. National Library of Medicine
National Institates of Health

Home > Biomedical Research & Informatics > UMLS

umMLs®

The UMLS integrates and distributes key terminology, classification and coding standards, and associated resources to promote creation of more effective and

electronic health records. More information...

Metathesaurus License

New Users

UTS = * UMLS Quick Start Guide
® Licensing Information
o Basics Tutorial

Downloads +

i * More...
Source Documentation

UMLS® Reference Manual UMLS Knowledge Sources

i iin: Documentation for:
» Metathesaurus

* Semantic Network

Quick Links: > s SPECIALIST Lexicon and Lexical Tools

s More...

User Education

* Webcasts

® Duick Tours
e Prasentations

» More...

Implementation Resources
For advanced users:

* MetamorphoSys

s Database Query Diagrams

* Load Scripts
s More...

UMLS News and Announcements
SNOMED CT ROA Subset available for download...

[ subscribe to the UMLS News RSS Feed.

Related Resources

s MesH®
s RxNorm

= SNOMED cT®
« SNOMED CT CORE Subset

Copyright, Privacy, Accessibility, Site Map, Viewers and Plavers

U.5. Mational Library of Medicine, 8600 Rockville Pike, Bethesda, MD 20854 e

MNational Institutes of Health, Health & Human Services LSA.gOV
Freedom of Information Act, Contact Us
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Slide 3-43: UMLS Metathesaurus integrates sub-domains TU
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Clinical
repositories
P Genetic
knowledge bases
Other SNOMED
subdomains OMIM
Biomedical
MeSH
UMLS literature
NCBI
Taxonomy
Model GO
organisms UWDA
Genome
Anatomy annotations

Bodenreider, O. (2004) The Unified Medical Language System (UMLS): integrating
biomedical terminology. Nucleic Acids Research, 32, D267-D270.
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Slide 3-44: Example of proteins and diseases in the UMLS TU.
[ Amino Acid, Peptide, or Protein ] § @
[Neoplastic Process ] [Gene or Genome J X g 5
\ \ Biologically Active Substance | 3F
Neuro- Benign neoplasms Tumor suppressor genes Tumor suppressor
fibromatoses of cranial nerves \ proteins
25
NE2 R
(Neurofibromin 2 gene) -QF:_E
C0085114 Merlin %‘% 5
Neurofibromatosis 2 (Schwannomin, <! &
. / Neurofibromin 2) 2
(Type II neurofibromatosis, Z 5
. . . C0254123 PO
Bilateral acoustic neurofibromatosis)
C0027832 !
O R Merlin, Drosophila
I N N - - T - - _-.--_..-:..-g..*.’ _______ .ﬁ‘.. ________ - . T - - - LI |
C. :. _\
NEUROFIBROMATOSIS, _ | Drosophila melanogaster merlin E 2
TYPE II; NF2 > (Dmerlin) mRNA, complete cds. | |22
#101000 U49724 1 |¥

Bodenreider, O. (2004) The Unified Medical Language System (UMLS): integrating
biomedical terminology. Nucleic Acids Research, 32, D267-D270.
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Slide 3-45: Future Challenges ﬂTU

= Data fusion — Data integration in the life sciences
= Self learning stochastic ontologies [1]

" |nteractive, integrative machine learning and
ontologies

= Never ending learning machines [2] for building
knowledge spaces

" |ntegrating ontologies in daily work

= Knowledge and context awareness

[1] Ongenae, F., Claeys, M., Dupont, T., Kerckhove, W., Verhoeve, P., Dhaene, T. & De Turck, F. 2013. A probabilistic
ontology-based platform for self-learning context-aware healthcare applications. Expert Systems with Applications, 40,

(18), 7629-7646.
[2] Carlson, A., Betteridge, J., Kisiel, B., Settles, B., Hruschka Jr, E. R. & Mitchell, T. M. 2010. Toward an Architecture for

Never-Ending Language Learning. Proceedings of the Twenty-Fourth AAAI Conference on Artificial Intelligence (AAAI-
10). Atlanta: AAAI. 1306-1313.
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Sample Questions (1) TU

Grazsm

What is the proportion of structured/standardized versus weakly
structured/non-standardized data?

What are the benefits of standardized data?
Which problems are involved in dealing with medical data?

What is still a remaining big problem in the health domain ... even with
standardized data?

What constitutes data standardization?

What is the most used standardized data set in medical informatics today?
Which are the three predominant ECG data formats?

What is the advantage/disadvantage between binary data and XML data?
What is the purpose of modeling biomedical knowledge?

Provide examples for various abstraction levels of a Work Domain Model!
What can be done with a Work Domain Model?

What is the origin of ontologies?

Please provide the classic definition of an ontology!

What does domain semantics mean?

What constitutes the classification of an ontology?
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Sample Questions (2) Ty

= Provide an overview about the most important biomedical ontologies!
= What are typical ontology languages?

= Please provide some examples of typical OWL axioms!

= What is a OWL class constructor?

= How do you start the development of an ontology?

= What are typical layers of abstraction —on the example of a Breast
Cancer Imaging Ontology?

= What does “semantic enrichment” of a medical ontology mean?

= Within an ontology based architecture: what does the so called
Knowledge Layer include?

= What are the roots of the ICD?
= What is the advantage of SNOMED-CT?

= What does polyhierachic thesaurus mean? Please provide an example
for such a thesaurus!

= How can | expand queries with the MeSH Ontology?
= What is the major component of the UMLS?
= What is the main purpose of the Gene Ontology?
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Some useful links Ty

= http://wiki.hl7.org

= http://snomed.dataline.co.uk/

= https://github.com/drh-uth/MEDRank
= http://www.nlm.nih.gov/mesh/

= http://www.nlm.nih.gov/research/umls/

= http://www.geneontology.org/

= http://www.who.int/classifications/icd/en/
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Backup-Slide: UMLS: Six semantic types and intersections TU
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—_— —

-~ S T~ —
4 ~ 7 Diagnostic ~ ‘
[ \( Procedure )/ - T T /
\ I 5 x>
\ s, N o La “ Sign or Symptom / /
\ Experimental R J
Model of Disease \ . -~ T 4 /
\ ( S
9 J P
% & 2 ~
\ = \
\ \‘ 1 ~ ] /

\

-
\ L .~ Functional 1,’ Injury or
Il

\ \ ~~~ -Concept _ - Poisoning
\ # 5 Neoplastic /1 ‘)
\ <27\ Process .

. 7 /

Gu, H., Perl, Y., Geller, J., Halper, M., Liu, L.-m. & Cimino, J. J. (2000) Representing the UMLS
as an Object-oriented Database: Modeling Issues and Advantages. Journal of the American
Medical Informatics Association, 7, 1, 66-80.
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Backup-Slide: Metaschema hierarchy
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Activity

Phenomenon
or Process

Physiologic
Function

Pathologic
Function

Zhang, L., Hripcsak, G., Perl, Y., Halper, M. & Geller, J. (2005) An expert study evaluating the

UMLS lexical metaschema. Artificial Intelligence in Medicine, 34, 3, 219-233.
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 Backup-Slide: UMLS Exampl

e

T052 TOB7 |
g Activity Ny - Phenomenon ™
L S or Process ™.
-~ ™ /N ™
yd AN / A
z'r' \ A f'( \\‘\
/| T053 T056 Tog4 T0S7 Toe6 To68 TO70 TO37
7 Behavior RDa"V ?r Go;ernnlwetnlal Occupational | | Machine \ { Human-caused Natural Injury ar \
;’ ecreation or Regulatory Activity Activity \ | Phenomenon or Phenomenon Poisoning i
I Activity Activity | | Process or Process |
/ /T\ “‘ i 2 |
/ " 4 /
[ Tos4 T055 T0S8 T065 T062 | T069 T038
i Social Individual Health Care Educational Research ": N Envircnmental Biologic l,/
i | Behavior Behavior Activity Activity Activity : A Effect of Humans Function s
4 |
T059 T060 To61 Toe3 |
N Laboratory Diagnostic Therapeutic Molecular Biology T -~
Procedure Procedure | | or Preventive Research [/ To39 S e T046 RN
.. Procedure Technique 7 Physiologic ™. Pathologic
g ;Y Function / Function N
S Tos0 T042 T044 To43 TO50 T047 T049 ||
{ Organism Organ or Tissue Molecular Cell Function i /| Experimental | [ Disease or Cellor ':I
i Function Function Function '. i| Model of Syndrome Molecular | |
i [ i 1| Disease Dysfunction | |
| / ,:'
'-. To41 T045 A T048 T191 !
| Mental Genetic \ Mental or Neoplastic /
‘\\ Process Function P \ Behavioral Process f
N P Dysfunction /
R _-__“_--_““-'_-__"'7)‘_'___,,.»"‘ s, - P

Zhang, L., Hripcsak, G., Perl, Y., Halper, M. & Geller, J. (2005) An expert study evaluating the
UMLS lexical metaschema. Artificial Intelligence in Medicine, 34, 3, 219-233.
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Backup-Slide: Lexical Metaschema

TU

Grazs
10,11
arries_out, location_of: 4
occurs_in U\
I—conceptual_paﬁ_of dk
JTv resu”_nF MY
f. I
Event(1) A property_of h—
123 T AT B < T—"
- Entity(13)
1,2, 3—— Physical \
Object (6 roduces
610 ject (6) N |°
L | rresull_of interacts, ~*
with
Y/ LA J —I - Y
Activity Phenomenon or Organism |_ location_of. Organization
(15) Process(6) an part_of (4)
35, A A
6.9, A A o r141
10,11 o, NV N — X
Anatomical Organism
It_of b -
result_o wresun_of PP N Structure(11) L Attribute(2)
1345 " B 1» A4
'BB'Q_lv I |—53—¢ 1.3
: 2
: : W
|_ Pathologic Physiologic causes : ]_ ' I
Function(6) |_shy Function(7) Finding dk dk
AlA AAA A @ | \
[ Idea or
issue_in Concept(6) .«
I W .V V.V VY
e T P PP P T T T T -
1 ssue In ] A Oclculpa.tlon or Spatial
- ! Discipline(2) Concept (4)
L causes T V] e, W, SV, W ] |
|, W, W) h .
12 N — 12—y Substance(11) =ingredient of=  oncential part of
e, W, W, W, WLV T, T, W | S——
A \ Molecular
Sequence(4)
1. associated_with 13 ~13———— Organic |
2. evall..latlon._of 12 Biologically Active | 13 Chemical (5)
3. manifestation_of — !
4. degree_of 6,10, |_) Substance(7) treats I
5. co-occurs_with treats
6. complicates T ;1—1"
omp M P—PRAR disrupts ; Lipid(3)
g- dlri?ep;; | A A4 At pis Pharmacologic
o gccurs in M PP——diagnoses, prevents, treats—— Substance(2) complicates,
: — disrupts, treats
10. affects, OCCurs_in 4k
11. process_of A esult of: = 4
12. produces _ affecls h
13. interacts_with manifestation_of, measurement_of- 0\
b ciated_with: db
affect:

Zhang et al. (2005)
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Backup Slide: National Cancer Institute Integration Effort TU
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Pharmaceutical Companies

NCI-Designated Cancer
Centers

NCI Intramural Groups
caBlIG Network and
Community

IT Vendors

NIH Research

Community BENCH

Providers and

BEDSIDE FPractitioners

Jath
ds Patient Advocates

Consensus Base

Standards Bodies

Health Information
Infrastructure

Patients
Trade Associations

Federal Partners in ST o
NCI Research Initiatives &
HealthCare (HIT, IOTF, FDA, Demonstration Projects

CMS, VA, etc.)

DISCOVERY <) DEVELOPMENT 4wy DELIVERY
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Backup Slide: Examples for well-known ontologies Ty

Protein

E xtant ontologies

Under development

T Bridge concept
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Example: Ontol. Development: Gradually enriching BCIO TU
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TA Meeting

MRI_Image
involves in

Hu, B., Dasmahapatra, S., Dupplaw, D., Lewis, P. & Shadbolt, N. (2007) Reflections on a
medical ontology. International Journal of Human-Computer Studies, 65, 7, 569-582.
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Example: Layer of abstraction T ]

| |
| |
Interpretation of ROIs: } :
e.g. mass, microcalcificatio C. : I

Region of Interest: | l

e.g. Shape, Margin, etc. W

Image features:
e.g. width, height, dim, i

Hu et al. (2007)
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Backup-Slide: Medical Ontologies Semantic Enrichment
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i

| IS-A

(c)

Category
(@) >

Concept |-~

Semantic
Semantic <A Type (S,)
Type (Sy)] ! A M
o/ \ %
LD &/ \ ie
‘Mafc bf ! i.: 0o :; -“.O
\\:79 i O . :
l Concept | | Concept
_ K e || g
_ 00 Concept €. g2 g3
Ma’toh (Cq1) \

Local Ontology
(one level)

Global Ontology
(two level)

Lee, Y. & Geller, J. (2006) Semantic enrichment for medical ontologies. Journal of

Biomedical Informatics, 39, 2, 209-226.
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Backup-Slide: Medical Ontologies (2)
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B

If (¢; =Match(c,1) & a; = Match(cyy)

Concept
(c)

1S-A

Catego
gory

(@)

Local Ontology

C

Before

Semantic
Type (S1)

I

Semantic
Type (S7)

: Assigned-to :

Concept
(091)

Concept
(092)

Global Ontology

Concept

NOT
Semantic Semantic Semantic Semantic
Type (S1) Type (S2) Type (S1) Type (S2)
4 Assigned-to ‘I‘ T Assigned-fo |
| ! |
’S-Al Category Concept Concept
(a) (Cq1) (Cq2)

(c)

Local Ontology

Lee, Y. & Geller, J. (

Before
2006)

Global Ontology

If (NOT (S; = S3) & NOT (S; iS-A SJ))

Semantic
Type (S1)

Semantic
Type (S;)

T Assigned-fo T

Concept
(c)

1S-A
——

Category
(ai)

Local Ontology
After

Semantic Semantic
Type (S1) Type (S2)

.=

Concept
(C)

-
-

| Assigngd-to !

is4]

Category
(a)

Local Ontology

After
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Backup-Slide: General structure of Actor Profile Ontology TU

Grazsm

Pl
/ i | Patient H—\
| Additional) is a \ / _
'\\Care Giver '\ \&___// has object
N is a ey )
et \\«—has member Y
ctor | ,

Evaluation)

- o 7---7-\\\ st isa Unit
P is a \ MNE \ \
/ Stable\( & . Group f e

[ /
is a
does Action
Action
has subject
has step

\ J

reads document
writes document

Valls, A., Gibert, K.,
Sanchez, D. & Batet, M.
(2010) Using
ontologies for
structuring
organizational
knowledge in Home
Care assistance.
International Journal of
Medical Informatics,
79, 5, 370-387.

. Member | A
\\. _/ is a ]
uses Document

Procedure
has step

IS a
/ ™/ Care Unit

initiates service Element

is document of

has procedure
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Backup-Slide: General structure of Actor Profile Ontology
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Client Side Browser

=]

_ IV_IuIti-Agent System

— i inter-agent i
= = = requesis actions : Actor SOAEEIDE
____ Ga= R qjerr'es results communication {ngent; .SDAM
o e — log in . ] Gateway = _events Actor - 2 ' ol
M Serviet w= Agent,; > Agent; Actor
e . i i~ Agenty |
' A S Actor ='
Agent,based Vaf."daﬁon i e e v b A s A S
Layer APl calls
_______________________________________________________ Jresme e s e e e
Data Access Interface (DAI)
[ [ 3 A
Data EHR-related know-what know-how
Abstraction fueied Data queries Data guarnes Data
Layer ¥ < \
EHR API OWL API SDA* API
A A A A A
SQL
queries owL L ¥ SaL \
XML or queries Data it ey queries SDA*
Result Sets o il
Y Y s -
Knowledge . Y P &
Layer o - TG 1 & . =
<AUBTAG > ==
—L - - o
i " s Case Profile - Procedures
| v Ontology (CPO)
Electronic Health Actor Profile Formal Intervention
Record (EHR) Ontology (APO) Plans (FIPs)

Valls et al. (2010)
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Backup-Slide: Example for an OWL DL application TU
User Interaction Layer .
[ Planner ] Interaction
N~ — modules

- | Medical relevant situations — v
m O | =Health parameters and interrelations
< - < |- Reaction and alarming schemes Layer
3 : et Reasoner

® Situations - Reasoner
g _ = | =Digital health record i —_ ol
m g’* § = User specific settings / \
= S 2 | =Social network
8 3 = ‘Dasas=qjtion Layer
s g = Description of physical objects t!..__."‘/' [ Reasoner ] [ Reasoner ]
oy > ml| ®Sensor model < x /v A
0% § 2| =Location model \
= o S Perception Layer \
§ 23 <> EnvironmintaI/Activity data P end Reasoner
% = Description of information items | kin &= / R A
— = Semantic interoperability of components & .
= Information quality ver \
+— [ Sensor ] [ Sensor ] [ Sensor ]
EU Project EMERGE (2007-2010)
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Backup-Slide: Example for supervised ontology learning TU

Grazsm

I : + Sensors
Activities .
Data Mining
Algorithms \
é,' n Rules f i
% Create/ Generated :;zit‘;r ﬂ reci N Recognized
B L . Rul _trans-__ ctivity H
‘- ﬁ “ % Mﬂdlf‘f — e form > Recognition —» R . Activities
\ g—-» Rules H ecognizer
.
= _---I — | : I I
T validate

| EU Project EMERGE (2007-2010)
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Backup-Slide: Expanding Queries with the MeSH Ontology milaTU

MeSH contains two organization files:
1) an alphabetic list with bags of synonymous and related terms, called records, and

2) a hierarchical organization of descriptors associated to the terms.
We consider that a term is a set of words (no word sequence order), that is:

L= {u‘| S, W H} where w is a word

A bag of terms is defined as:
b= {ty,--- N }

a term f exists in the query ¢ (t € ¢) if:
Yw; € t,3w; € q/w; = w;
Therefore, if all the words of a term are in the query, we generate a new expanded
query by adding all its bag of terms:
q is expanded with b if 3t € b/t € q

Diaz-Galiano, M. et al. (2008) Integrating MeSH Ontology to Improve Medical Information
Retrieval. In: Peters, C. et al. (Eds.) Advances in Multilingual & Multimodal Information Retrieval,

Lecture Notes in Computer Science 5152. Berlin, Heidelberg, New York, Springer, 601-606.
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Backup-Slide: Expanding Queries with the MeSH Ontology mlaTU
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“CeII ' bag of terms

Cells
Cell

\_ Y,

Query }i |

T
microscopic | 6ant< II\

) 2

Giant Cells
Syncytia
Cell, Giant
Cell, Multinucleated Giant Cells, Giant
Cells, Multinucleated Giant
Giant Cell
Giant Cell, Multinucleated
Multinucleated Giant Cell
. Polykaryocyte

“Giants Cells” bag of terms

Expansion

J

. A. Holzinger 709.049

Query expanded

microscopic giant cell
Cells
Cell
Giant Cells
Syncytia
Cell, Giant
Cell, Multinucleated Giant
Cells, Giant
Cells, Multinucleated Giant
Giant Cell
Giant Cell, Multinucleated
Multinucleated Giant Cell

Polykaryocyte

Diaz-Galiano et al. (2008)
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Backup-Slide: Foundational Model of Anatomy (FMA) TU
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Anatomical entity

Spatial
dimension

Physical
anatomical entity

Non-physical
anatomical entity

Non-material physical
anatomical entity

Material physical
anatomical entity

Dimensionality

Inherent 3D oD D oD

Dshape

Anatomical
structure

Body
substance

Zhang, S. & Bodenreider, O. (2006) Law and order: Assessing and enforcing compliance
with ontological modeling principles in the Foundational Model of Anatomy. Computers in
Biology and Medicine, 36, 7-8, 674-693.

. A. Holzinger 709.049 82/82 Med Informatics LO3




