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Machine Learning

02 Data, Information &
Knowledge Representation

03 Decision Making and
Decision Support

04 Causal Reasoning and
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Keywords

= Data
" |Information

= Knowledge

= Dimensionality of data

= Biomedical Ontologies

= Standardized Medical Data
= SNOMED

= UMLS
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Learning Goals

" ... be aware of the types and categories of
different data sets in biomedical informatics;

= .. know some differences between data,
information, and knowledge;

= . be aware of standardized/non-standardized
and well-structured/”un-structured”
information/data;

= ... have a basic overview on some ontological
approaches for standardized medicine;

= ... have some background on classifications
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Advance Organizer (1/2)

= Abduction = cyclical process of generating possible explanations (i.e., identification of a
set of hypotheses that are able to account for the clinical case on the basis of the
available data) and testing those (i.e., evaluation of each generated hypothesis on the
basis of its expected consequences) for the abnormal state of the patient at hand;

= Abstraction = data are filtered according to their relevance for the problem solution
and chunked in schemas representing an abstract description of the problem (e.g.,
abstracting that an adult male with haemoglobin concentration less than 14g/dL is an
anaemic patient);

= Artefact/surrogate = error or anomaly in the perception or representation of
information trough the involved method, equipment or process;

= Data = physical entities at the lowest abstraction level which are, e.g. generated by a
patient (patient data) or a (biological) process; data contain no meaning;

= Data quality = Includes quality parameter such as : Accuracy, Completeness, Update
status, Relevance, Consistency, Reliability, Accessibility;

= Data structure = way of storing and organizing data to use it efficiently;

= Deduction = deriving a particular valid conclusion from a set of general premises;

= DIK-Model = Data-Information-Knowledge three level model

= Disparity = containing different types of information in different dimensions

= Heart rate variability (HRV) = measured by the variation in the beat-to-beat interval;

= HRV artifact = noise through errors in the location of the instantaneous heart beat,
resulting in errors in the calculation of the HRV, which is highly sensitive to artifact and
errors in as low as 2% of the data will result in unwanted biases in HRV calculations;
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Advance Organizer (2/2)

= Induction = deriving a likely general conclusion from a set of particular statements;
= Information = derived from the data by interpretation (with feedback to the clinician);

= Information Entropy = a measure for uncertainty: highly structured data contain low
entropy, if everything is in order there is no uncertainty, no surprise, ideally H=0

= Knowledge = obtained by inductive reasoning with previously interpreted data,
collected from many similar patients or processes, which is added to the “body of
knowledge” (explicit knowledge). This knowledge is used for the interpretation of other
data and to gain implicit knowledge which guides the clinician in taking further action;

= Large Data = consist of at least hundreds of thousands of data points

=  Multi-Dimensionality = containing more than three dimensions and data are multi-
variate

=  Multi-Modality = a combination of data from different sources

= Multivariate = encompassing the simultaneous observation and analysis of more than
one statistical variable;

= Reasoning = process by which clinicians reach a conclusion after thinking on all facts;
= Spatiality = contains at least one (non-scalar) spatial component and non-spatial data

= Structural Complexity = ranging from low-structured (simple data structure, but many
instances, e.g., flow data, volume data) to high-structured data (complex data
structure, but only a few instances, e.g., business data)

= Time-Dependency = data is given at several points in time (time series data)
= Voxel = volumetric pixel = volumetric picture element
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Agenda

= 00 Reflection — follow-up from last lecture
" 01 What is data?

= 02 On Standardization

= 03 Knowledge Representation

= 04 Biomedical Ontologies

= 05 Medical Classifications
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Reflection from last lecture
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Traditional Statistics versus Machine Learning

= Data in traditional = Data in Machine
Statistics _earning

" Low-dimensional = High-dimensional
data ( < R1YY) data ( > R'%Y)

= Problem: Much = Problem: not noise,
noise in the data but complexity

= Not much structure = Much structure, but
in the data but it the structure can
can be represented not be represented
by a simple model by a simple model

Lecun, Y., Bengio, Y. & Hinton, G. 2015. Deep learning. Nature, 521, (7553), 436-444,
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Note: The curse of dimensionality

1 dimension;
10 positions

2 dimensions:
100 positions
L]

Bengio, S. & Bengio, Y.
2000. Taking on the curse
of dimensionality in joint
distributions using neural
networks. IEEE Transactions
on Neural Networks, 11,
(3), 550-557.

3 dimensions:
- 1000 positions!

http://www.iro.umontreal.ca/~bengioy/yoshua_en/research.html
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Data for clinical purposes — integration is unsolved!

Exposome
Private Health vault data Environmental data Collective data
Electronic health record data  Air pollution 59C|a| data
Physiological data Exposure (toxicants) Fitness, Wellness data

Ambient Assisted Living data

Laboratory results
(Non-medical) personal data

Metabolomics
Chemical processes
Cellular reactions
Enzymatic reactions

Foodomics, Lipidomics
Nutrition data (Nutrigenomics)
Diet data (allergenics)

Metabolomics
Chemical processes
Cellular reactions

. _ Imaging data
Enzymatic reactions

X-Ray, ultrasound, MR, CT, PET,
cams, observation (e.g. sleep

Proteomics laboratory), gait (child walking)

Protein-Protein Interactions

Epigenetics Transcriptomics

Epigenetic modifications Genomics RNA, mRNA, rRNA, tRNA
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Taxonomy of data

= Physical level -> bit = binary digit = basic
indissoluble unit (= Shannon, Sh), # Bit (!)
in Quantum Systems -> qubit

= Logical Level -> integers, booleans, characters,
floating-point numbers, alphanumeric strings, ...

= Conceptual (Abstract) Level -> data-structures, e.g.
lists, arrays, trees, graphs, ...

= Technical Level -> Application data, e.g. text,
graphics, images, audio, video, multimedia, ...

= “Hospital Level” -> Narrative (textual) data, genetic
data, numerical measurements (physiological data,
lab results, vital signs, ...), recorded signals (ECG,
EEG, ...), Images (cams, x-ray, MR, CT, PET, ...)
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Examples: Imaging Data

T

Image Source: Laboratory of Neuro Imaging, USC
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Example Data Structures (1/3): List

TYFPE 1link = REF node ;

node = RECORD

key : ItemType;

next : link;
END;

class link {

ItemType key;

link next;

}

VAR p, q : link ;

=]

link p.q;

p := NEW(link);

=]

p=new link();

p~.key:=x;

p.-key=x;

q := NEW(link) ;

=]

) | 5] | BT | [

g=new link();
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Crooks, G. E., Hon, G., Chandonia, J. M. & Brenner, S. E. (2004) WebLogo: A sequence logo
generator. Genome Research, 14, 6, 1188-1190.
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Example Data Structures (2/3): Graph

Evolutionary dynamics act on populations. .
Neither genes, nor cells, nor individuals evolve; 4

only populations evolve.

Initial population Select for reproduction
Select for death Replace
0 Wy Wy 0 0
0 0 Wog Wy, O
W= wz; 0 0 0 W3s
Lieberman, E., Hauert, C. & Nowak, M. A. 0 Wi, 0 0 0
(2005) Evolutionary dynamics on graphs. 0 0 0 wy O
Nature, 433, 7023, 312-316. — —
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Example Data Structures (3/3) Tree

Hufford et. al.
2012. Comparative
population
genomics of maize
domestication and

Nature Genetics,
44, (7), 808-811.

t;

NI e

r & ™
.~
Teosinte

rl
s
-

=

Z. mays ssp. parviglumis 7 |
Domestication 1 ?‘\ )
improvement. o B N/

Landraces

Improvement l

Health Informatics — Andreas Holzinger

odierr.n inbréd lines

20

TDD31903
TIL25
TILO8
TIL12
TILOG
TIL15
TIL16
TILOS
TILO7
TILO9
TILO4
TIL10
TIL17
TILO1
TIL11

B7
CAUZHENGS8
CAL478
CAUS003
CAUCHANG72
M37W

MRO3

MR23

MR21

MR18

MRO&

MO18aw
CML103




E

[P

ol

Aktrve Folder

— -

»
-
<PARA CONTENT="Co
SETATUS=" Pres

<TITLE>Paragraph
<CONTENT>Taxtual ©
=/ PARA> : : 3
- Soe examples of .
<PARA CONT® “TOXC" STA Tt SRR DR e . ;
<PTITLE>MOTIF D*HO P, BT Sori)smsm: A ra 3 \
</ PTITLE> I L. L : ; -
</ PARA> = |
S 31 R yilafuis
<PARA CONT=*"Taxt® ST : : |I / X _E:'_. _ﬂ&# i} 413
(11| <PTITLE>ANTECED : E i o ikl _"_T %
. p— | =/ PTITLE> s —— o : _:fr .’}1 ¥
M Tl Pl P ARA - | Arh H =
P g o Bl S o e | gy kT ,ﬂ#; Frapang o ST
e e - il 180 yimant I [ G e —— L ! b 1 3 ' ks ans a&i 4 ] 4 %
DERmEE - o Tod ol 31 o Iuts w Ton il o] o Iole
o lo e I -l
— = prr—— e g |*:_._.}. ] =: ! TEI ﬁ =per s
- E] » R
v 1 Nsw02bv1001imedoc - '
I CaL. R i 5 4
L]
® |
1 " 7y — T v RSt e e
Dl iae | 0[O0 0] [T HE T |_Jun¢-u|- Eisten [ 2 | gp it | o — u
I_||.'u-um |zas_[oun s cachan | wmeh | mwean | g B .J.'l.Lr.H.l"i
et - (AN % W P s A
_ ol i1 witiadete Pl |3 0V G0 R AT W e i e b o -
[ LusaRaqpast (8L, Mal1, Tharsp g l_—lh--u— ——
B 050 ] dbar s VIOE TR GEDD MO M st DAL THS0 [ "’ i | | Dpatayia [~ - 1
- - B Pl g L g 1D JETE DB MDA e ks oS T el [ J ok i - .- - W ————
'Vm d B it ieskaniais V10N JTHI0 DEE0 MSOUSAOHD M ke DML THAD [ - ™ - =iy e
- E DRI aridadpedns ¥ SN WY TNTH CTIAE C TRahai - AL
B L) Conprasas tagard | B OOl LD =T 2
nw THAERIE b Tl 31 1 A S Lo AT B g v I
& i Deagrties Owial 16 =
o T Lesuhungen (FAL. S, Therss
2# B Baciws u Bunaderiegrifs 17 121000 1078 EBOARAE OA faeml TANSLI - A ¥
I — N 1IT00N DN M WAngmAmE  ARARARGIR Ok - ; G
B Srrirmenrhngisie 31171009 OF B b0l M Anpoiml  EFRRANTEE [ m e, ]
!“ T ulnbessine § a8 1 F 10 T CACTHIAG i T e PR a2 B |
=f i T N
Bx R el L e . [ =N = W O TN TN N T
B gy | sy, i 7 1§ D WTEE  CE TR OGP B e 0 i [ TT ey SRR,
‘IE._ B ) Levssoogen poal, RED Therss
P TR srribusianter | 38 78 18 FHR W AITH U @ ae ke AT R = rmrae
e - # o Lensgen Fal RAly Frsias o T TN L] = - -
B Sotrdenitarhoniiis 3510 J00T DR BBOCMIDNED M Saeiaden  DUBLTRED [ TN b et 1
O P10 e Limdsrpan Py BOY RN SRR e saeaae DL Taen ik S pan
S D B AACANEE M o e o PR
QL T e o

Health Informatics — Andreas Holzinger

® il Lasnfamgan (AL, WD, Tharks

B ¥ hemtesnereemitins, ‘bt 18 00 TODE O 40 ) 0
B €50 {5 ) by HOOA 00RO R i [
Y I BOW O 40 SSOCRNDH B ikl PITTVEE [
R T L LR reme———— o
0 {1 7 i g B AT MGRRTRD M s B o
P — LT oL T —————— o
187 MOTHEE MaCTAMansd  LANIEECH + = B
1T PECHDNEE  Ba<TAkGnaE LA o a S—— | g w— | g 5 o [an e eps . B s e | M BT

21



Biomedical R&D data Clinical patient data

(e.g. clinical trial data) (e.g. EPR, lab, reports etc.)
_ e ] e e
The combining link is text
Health business data Private patient data
(e.g. costs, utilization, etc.) (e.g. AAL, monitoring, etc.)

Manyika, J., Chui, M., Brown, B., Bughin, J., Dobbs, R., Roxburgh, C. & Byers, A. H. (2011) Big data: The next
frontier for innovation, competition, and productivity. Washington (DC), McKinsey Global Institute.

Health Informatics — Andreas Holzinger 22



Natural Language is a good example for complexity ...

Problem: Context!
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Semantic Ambiguity — Missing Context

Radio Mast
Transceiver

Radio Mast Radio Mast h11 hill fe | =Fs2*3a11
Transceiver Transceiver Al lecln e .Gl 4.0 K]
1 |Multiplication table - mixed refetrences
2 | 1 2 3 4 5 6 7 9 10
/ Radio Mast 3| af 1] 2] 3] 4] s] s 7Y 8] 9] 10
/ Transceiver 4 | 2| 2| 4] s 8| 10| 12] 14 18] 18] 20
f a8 | 3 3] 6] 9 12| 15] 18 1] 24| 27] 30
6 | a4 4] 8| 12 16] 20| 24 J28] 32| 36] 40
Radio Mast Radio Mast 7 | 5| &] 10| 15[ 20| 25 30f 3s] 40[ 45] s0
Transceiver Transceiver 8 | e| 6] 12| 18] 24| 30| 38| 42] 48| 54[ B0
9 7] 14| 21[ 28] 35 A2| 49| s8] B3] 7O
10| 8| 8 16| 24| 32 “45| 56| 64| 72[ 80
Radio Mast 11 9| 9] 18] 27| 3¢/ 45 J54| 63| 72| 81| 90
Transceiver 12 | 10| 10| 20| 30| 40[~5&] 60| 70| 80| 90{100|4
A3 |1a [ 11] 22| 33| 44| 55| 66| 77| 83| 99(110(1
A4 (12| 12) 24| 36[ 48] 60 72| 84| 96|108{120)1
1R
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Is a picture really
worth a thousand
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Example: Ribbon Diagram of a Protein Structure

Magnani, R., et al. 2010. Calmodulin methyltransferase is an evolutionarily conserved enzyme
that trimethylates Lys-115 in calmodulin. Nature Communications, 1, 43.
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argalegh am 08 05 2008720 H

gEschs. won
Radiologischer Befund et o 17.11.300808

Anile: RCHI

Kurzanamnese: Sip. SHT
Fragestelung:
Untersuchung: Thorax &ine Ebene liegend

SB
Bewegungsartefakte. fustand nach Schadelhimtrauma.

Das Cor in der GraBennorm, keine akuten Stauungszeichen,
Fragliches Infiltrat parahildr li. im UF, RW-Erguss |i.

Zustand nach Anlage eines ET, die Spitze ca. Scm cranial der Bifurkation, lieg. MS, orthati
itioniert. ZVK dber re., die Spitze in Proj. auf die VCS. Kein Hinweis auf Pneumothorax
er re. Rezessus frai

Mit kollegialen Grulen

** Elviranische Fraigate gureh am 09052008 ==

Holzinger, A., Geierhofer, R. & Errath, M. 2007. Semantische Informationsextraktion in
medizinischen Informationssystemen. Informatik Spektrum, 30, (2), 69-78.
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02 Medical
Communication
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Much of hospital work is teamwork ...

" ... and requires a lot of comm
information exchange ...

Holzinger, A., Geierhofer, R., Ackerl, S. & Searle, G. (2005). CARDIAC@VIEW: The User
Centered Development of a new Medical Image Viewer. Central European Multimedia and
Virtual Reality Conference, Prague, Czech Technical University (CTU), 63-68.
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The medical report is the most important medium

angelegt am 06.05.2006/20:26

= = geschr. von
Ra.d.l_o_l.o_g.ls.c_h.E.LB_e_fun.d ged[uck‘[ am 17.11.2006/08:24

Anfo: NCHIN

Kurzanamnese: St.p. SHT

Fragestellung:

Untersuchung: Thorax eine Ebene liegend

Special Words
Bewegungsartefakte. Zustand nach Schadelhimtrauma. I_a N g Uuada g e M ix
Das Cor in der GréRennorm, keine akuten Stauungszeichen. . .

Abbreviations

Fragliches Infiltrat parahilar li. im UF, RW-Erguss Ii.
Zustand nach Anlage eines ET, die Spitze ca. 5cm cranial der Bifurkation, lieg. MS, orthotop
positioniert. ZVK Uber re., die Spitze in Proj. auf die VCS. Kein Hinweis auf Pneumothorax.

Der re. Rezessus frei. r ro rs
000

Mit kollegialen Grifien

"** Elektronische Freigabe durch am 09.05.2006 ™

Holzinger, A., Geierhofer, R. & Errath, M. 2007. Semantische Informationsextraktion in
medizinischen Informationssystemen. Informatik Spektrum, 30, (2), 69-78.
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German Example Synonymity and Ambiguity

e ‘-F% Ayu«/{/‘ ;&"“-ﬂf &-—/LL\.A_
A S AV L. ALLM-,/» R, o
TR eadl wotet @ity
,ﬁ" TSV P 3 G . S - 4 M é_.n Z‘ J 5 ﬁ-’m

|} &f J
_____ fd—f"‘ & - A’“’?'”L‘_
41‘2«.{.? M? C&"(,f# dé.e-f ._?//’

Ainterschrifi-

ydie Antrumschleimhaut ist durch Lymphozyten infiltriert”
»lymphozytare Infiltration der Antrummukosa“

yLymphoyteninfiltration der Magenschleimhaut im
Antrumbereich”
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German Local Hospital Abbreviations ... (example)

= HWI =
= Harnwegsinfekt
= Hinterwandinfarkt
= Hinterwandischamie
= Hakenwurminfektion
= Halswirbelimmobilisation
= Hip Waist Index
= Height-Width Index
= Heart-Work Index
= Hemodynamically weighted imaging
= High Water Intake
= Hot water irrigation
= Hepatitic weight index
= Haufig wechselnder Intimpartner

= Leitung = Nervenleitung, Abteilungsleitung, Stromleitung,
Wasserleitung, Harnleitung, Ableitung, Vereinsleitung ©...
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Language Understanding requires knowledge

= Syntax

" Semantics
" Pragmatics
=" Context
"(Emotion)

Health Informatics — Andreas Holzinger

Andrej Karpathy & Li Fei-Fei. Deep visual-semantic
alignments for generating image descriptions. Proceedings
of the IEEE conference on computer vision and pattern
recognition, 2015. 3128-3137.
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Text = Good example for Non-Standardized Data

pRAGMATICg

Thomas, J. J. & Cook, K. A.
2005. llluminating the path:
The research and
development agenda for
visual analytics, New York,
IEEE Computer Society Press.

in Gontext of 15%°
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Key Challenges

" Increasingly large data sets due to data-driven
medicine [1]

" |Increasing amounts of non-standardized data and
un-structured information (e.g. “free text”)

= Data quality, data integration, universal access

" Privacy, security, safety, data protection, data
ownership, fair use of data [2]

* Time aspects in databases [3]

[1] Shah, N. H. & Tenenbaum, J. D. 2012. The coming age of data-driven medicine: translational
bioinformatics' next frontier. Journal of the American Medical Informatics Association, 19, (E1), E2-E4.

[2] Kieseberg, P., Hobel, H., Schrittwieser, S., Weippl, E. & Holzinger, A. 2014. Protecting Anonymity in
Data-Driven Biomedical Science. In: LNCS 8401. Berlin Heidelberg: Springer pp. 301-316..

[3] Gschwandtner, T., Gartner, J., Aigner, W. & Miksch, S. 2012. A taxonomy of dirty time-oriented data. In:
LNCS 7465. Heidelberg, Berlin: Springer, pp. 58-72.
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03 On
Standardization
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The Seven Layers of OSI|

) User .
Transmit Receive

W eponiaer 90
~ Presentation Layer
Session Layer
Transport Layer
~ NetworkLayer
- Datalinklayer
T 1SO7498-1
INTERNATIONAL ——> Physical Link ——~
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Quest for standardization as old as med. informatics

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

HEWLETT-PACKARD

LIBRARY?*

Standardization and Health Care auG 18137

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-
S,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.

N-CIRCULATING

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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Still a big problem: Inaccuracy of medical data

= 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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The patient-clinician dialogue (from 1979)

Clinician influences patient's giving of information

Patient influences clinician's reception of information

¥

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 |-

Health Informatics — Andreas Holzinger
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Standardized data ...

= .. ensures that information is interpreted
by all users with the same understanding; E
= supports the reusability of the data, :’ gmﬁ";
= improves the efficiency of healthcare services and M
= 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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Example: ECG

by a—
Electrocardiography

Intervention
https://en.wi o
kipedia.org/ e |
wiki/Electroc R
ardiography

QT Interval

ECG of a heart in normal sinus rhythm.
ICD-9-CM 89.52

| MeSH D004562
i v FRRORRA . )

|

A TtV G e
i i | i it
I | i R R jiit B G e R p
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Standardization of ECG data (1/2)

" 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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Standardization of ECG (2/2)

= 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.
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Example of a Binary ECG file

Patient
31 20 068 20 18 20 55 49 2a 20 31 2e 32 2e 38 32 e [T A e e 2
1 36 Z2e 30 2e 31 Z2e 33 34 34 37 31 Ze 32 2e 34 34 6.0.1.34471.2. 44
i subject 2e 36 2e 32 30 30 32 31 31l 82 32 80 39 81 30 80 .6.2002112209100
of 30 2e 2e 31 08 20 20 20 44 41 08 20 32 30 30 32 o he DA. 2002
1,11 3l 8l 32 82 08 20 23 20 44 41 08 20 32 30 30 32 1122. # DA. 2002
* 31 31 32 32 08 20 2a 20 44 54 Q0e 20 32 30 30 32 1122. * DT. 2002
Stlldy 31 31l 32 32 30 39 31 30 30 30 08 20 30 20 54 44 1122091000, 0 TH
06 20 30 39 31 30 30 30 08 20 33 20 54 4d 06 20 . 091000. 3 THM.
1 30 39 31 30 30 30 08 20 S50 20 53 48 20 20 08 20 091000. P SH
60 20 43 53 04 20 45 43 47 20 08 20 70 20 4c 4f ° CS. ECG . p LO
08 20 55 6e 6b 6e 6L 77 e 20 08 20 90 20 50 4e . Unknown . 0O PN
1,n 20 20 08 20 60 10 50 4e 20 20 08 20 70 10 50 4e . '.PN . p.PH
. 20 20 08 20 90 10 4c 4f 06 20 45 4c 49 32 35 30
Series 10 20 10 20 50 4de 06 20 73 6d 69 74 68 20 10 Z0O ¢
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 3533 30 35 30 38 10 20 O DA. 19530508.
40 20 43 53 02 20 4d 20 10 20 20 10 4dc 4f 20 Z0 HECS ML 0
10 20 10 10 41 53 20 20 10 20 20 10 44 53 20 20 e e o) ST )
1’“ 10 20 30 10 44 53 20 20 18 20 20 10 4c 4f 20 20 0s DS ], O
Waveform

Bond et al. (2011)
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Example of a XML ECG file

<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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04 Knowledge
Representation
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Examples for famous knowledge representations

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 SOAR 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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Inference
Engine

Facts

query Eﬁclusions
(

P ot f 1' [} 1
: _-_mYes, of course.

“Thatlisiexactly why | hate you,

Logical reasoning can be dangerous:

*= Adime is better than a nickel. * A penny is better than a nothing.
} Knowledge

* A nickel is better than a penny. * Nothing is better than world peace.

Reasoning

* Therefore, a dime is better than a penny. Therefore, a penny is better than world peace.
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Formalization versus Expressivity

1 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
SVSL?Inst 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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Example for Modeling of biomedical knowledge

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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Building and Creating a work domain model (WDM)

Medical
Equipment

Nurse

Surgeon

|

R

Patient . i
‘\Iom t
¥
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. Aﬁiset{:fgri)‘;” YRn DOen M oge:

Framework

Aggregation

Body | System | Organ Tissue Cdl

Processes

uonaIensqy

Work Domain
(Patient)
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Partial abstraction of the cardiovascular system

Level of .
Abstraction Cardiovascular Example

Adequate Blood Volume Adequate Circulation
\ /
\ /
Mass _ Mass ___ Mass ___ Mass WHY?

Balances Inflow Store Transfer Outflow
/ >'S‘-\ — aiuts futute

Blood Pulmonary  Systemic Blood Blood
Processes Infusion Circulation _ Circulation \olume Loss WHAT?

/ ~ I
/7?H§m€tion \\ A / #

. Arteriolar
Physiology | Vein Radllu (HR, rhythm, Large vein  Artery HOW?
e contractlllty) p i y

Purposes

Anatomy

Hajdukiewicz
et al. (2001)
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WDM of: (a) the human body

Level of Aggregation

a)
Body System Organ Tissue Cell
Homeostasis i i ,
(Maintenance of Adeg;%‘:&:ﬁ"m'aem"' Adequate Organ Adoquate_ Tissue Adequate 'Celiular
PUI'pOSQS Internal Oxygenation Ventilation | Perfusion, Blood Flow Oxygorrl’:tlt'm and Oxyge:angn and
Environment) ' eriusion erfusion
c
°]
- Balances: Mass and |System Balances: Mass | Organ Balances: Mass | Tissue Balances: Mass | Cellular Balances: Mass
4 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
c‘;; . Transfer " Transfer * Transfer - Transfer *
2 Total Volume of Body Circulation Perf p
Fluid, Temperature, uiaton, erfusion Pressure, Tissue Oxygenation Cell Metabolism
‘S : | Oxygenation Organ Blood Flow, sue Dxygenatian, - n
Processes Supply: 02, Fluids, . ot 9 i » | Respiration, Metabolism | Chemical Reaction,
% Nutrients, Sink: CO, | VeM12(0n, Cuculating | - Vascular Resistance Binding, Inflow, Outflow
Fluids, Wastes
> )
Q
-
- System Organ Tissue Cellular
Ph ysrology Function Function Function Function
Organ Tissue Cellular
Anatomy Anatomy Anatomy Anatomy
/ - ~ * H .
/ ~ . B[_?lancers’r mcludHe. c\;’tﬂat(e:r(,)Sall.
. . lectrolytes, p
. ~ ' » M2 2
Hajdukiewicz / So
~
et al. (2001) II S
~



WDM of: (b) the cardiovascular system

4 N

System Subsystem Organ Component
Adegquate Circulation
Purposes and
- Blood Volume
IQ
il . . .
3] : . Pulmonary and Systemic Organ Vascular Network: Vascular Components:
(] Balances Cﬁ?;:ﬁ:ﬁ::arstso{:;e: ' Systems: Balance Mass Flows;| Balance Mass Flows; Mass Balance Mass Flows, Mass
- and Outflow Mass Inflow, Storage, Inflow, Storage, Outfiow , inflow, Storage, Outflow,
n Outflow, and Transfer and Transfer and Transfer
o)
“<_ Pulmonary and Systemic Oruan%?gi?:tg:t(p;rtéssure é:imulation t;h(rgugh Vasc':;.: lar
' i Fluid Circulation (Pressure, Flow, At omponen ressure, Flow,
o Processes Clrcustzt;%:}; :ﬂms";'k . Resistance) and Volume, Fluig | _Flow. Resistance), Fluid Resistance), Vascular Blood
© Supply and Sink SUDD\*}; ::lﬁ'l;"&m;:kea"h Volume, Fluid Supply and Sink
>
D
- - Atrial and Ventricular Function;
Ph SiOlO Cardiovascular Pulmonary and Systemic Cardiac Function Arterial, Arteriolar, Capillary, '
y gy System Function System Function (Heart Rate, Rhythm) Venule, Venous Function
Cardiac Atrial, Ventricular,
Anatomy Anatomy and Vascular Anatomy

Hajdukiewicz et al. (2001)
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Example: Mapping OR sensors onto the WDM

Level of Aggregation

Divergent

Body System Organ Tissue Cell )
Mapping

prpDSES SenSOT 1

ECG waveform
Balances

One-to-one
Mapping

Processes

Level of Abstraction

Physiology ! Sensor 2

Pulse

Anatomy

No Mapping
Convergent

; Sensor 4 Sensor 5 |
Hajdukiewicz HapNg

et al. (2001) Arterial BP Non-invasive Oxygen Tank
waveform BP cuff Level

Sensor 3
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Integrated medical informatics design for HCI

Interface .
Patient Medical

Personnel

Content & Structure <+ Form

> =

N
pad
Body | system | Organ | Ti Cell e
\ il Ml W1 0T i)
Purposes / * _'_'T"_"_
Anesthe-| @ @ € *»
Balances 3 .
siologist
Processes
Physiology
Anatomy . e e b
Surgeon
Patient Work Domain Model Display Form

Hajdukiewicz et al. (2001)
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05 Ontologies
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A simple question: What is a Jaguar?
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The first “Ontology of what exists”

//ﬁEE?’tan{;e\
material immaterial
Body Spirit
animate Inanimate
* 384 BC 1322 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
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Ontology: Classic definition

= 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.

Health Informatics — Andreas Holzinger 61



Example: Network-Extracted Ontology of human cell

=

P % Cellular @
5 AACF component
@ (root)

2 @ Membrane
. - R
. ™ . ..
i ¢ Cell
Pre-ribosome, large .
subunit precursor

Microtubule :
cytoskeleton

Intracellular L% Proteasome
i+, complex
Ribonucleo- = X
Protein complex i pfllatl?i:;d : ARP2/3 protein complex
growth LH v | Regulation of \ Assembly
o3 ekl polymerization

= Mo . .
s 4 S - &g

- W . e M =
Chromatin o, » & b : "

remodeling /% b= cytoskeleton Polymerizatiorfior —" = Actin cortical
complex t L[ 0, depolymerization,, \ patch
Cortical actin ““ e, Localization
cytoskeleton y -
Cell wall chitin \ : b
3 24 biosynthetic : ) .
Spliceosomal 8 ad I s ) prgcess Tk \.ﬂ-.
complex 4 N ¢ ., 2 (Golg ' . %> "SNARE
£ apparatus _ Chitin_ complex
biosynthetic  F-actin capping
process protein complex

http://www.kurzweilai.net/images/cell-model.png (Credit: UC San Diego School of Medicine)
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Example: GO

http://geneontology.org/

GO0 4EG0 p— GO B4
Ilmﬂ caililar procea: oiganization o
G001 E043 GOHO044085
ECEOBLES cilhlar Comiin alhular Comiman
M“'P“m‘““" iz ation Coginast
‘\ \ f Springer Protocols
DROECINn E0s0eE0T raguliaion L.
aigani2aiion Hnﬂwﬂlmuﬂt o
Christophe Dessimor
T Nives Skunca Editars

S The Gene
L Ontology

#oF Hunnna Press

Hastings, J. 2017. Primer on Ontologies. In: Dessimoz, C. & Skunca, N. (eds.) The Gene Ontology
Handbook. New York, NY: Springer New York, pp. 3-13, doi:10.1007/978-1-4939-3743-1_1.
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Ontology: Terminology

" 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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Additionally an ontology may satisfy:

(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 7’ 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

MNon-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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Example of a conceptual structure from CogSci

Cognitive .
Concept: ©

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

Transversal Relationship:
Retrograde " Anterograde
Memory \ Memory 4
% L evaluates Cerebra

“”*«WMWNEH Temporal
Cognitive é Lobe
gt 4 Parietal
_ Lobe

Frontal
Lobe

Occipital fﬁ
Lobe i

Object Picture
Assembly 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.
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Examples of Biomedical Ontologies

Name Ref. | Scope # PR NS 51_'&5‘ Version / Notes
conepls | Min [ Mox | Med Avg | Hier.

(inical medicine

SNOMED T 1) | (oatient records) 0314 | 1| @ 2 | 257 | ye | July31, 2007
| ] I 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] |  Concer research, dinical care, publicinformation | 58865 | 1 | 100 2 | 268 | yes | 2007 05

Diseases and conditions

Biomedicine (descriptors for indexing the
MeSH 38) | berature) 24767 | 1 | 208 5 | 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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Taxonomy of Ontology Languages

= 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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Example for (1) Graphical Notation: RDF

Tal¥e I Yeast sirains used in the study by Hermanm er al [1997)

Mame Ganorype ® SOnrce
I —
= FY 10 MAT lew2Al pm3-52 F Winston
OntOIOQy / \ Fy2l MAT his3A200 wrei-52 F Winston
Orgamsm | GHY1 MATy lew2 Al his3AZO0 pras-52 madmai-] Thiis stucy
/ ISY7T0T MAT hisIAIN0 pred-52 (pre [0 HIS3 This stucly
\ ISYO44 MAT I 28 1A e ] ur 3-52070rm3-52 Tl =ty
J5YHEr  MAT lew2 AT hisIASD nrad-52 Thils study
Is-a ISYI005  MATS lew2 AT hisIAZN pred-52 mdm 200 This study
LELI2

ISVI084  MATx lewdA T hisIA200 praa3-52 fprt IDC:HISE This study

N e ISV1138 MAT len2AlAenl AL his3AMN RisIA 200 This stucy
e — / \ Table 1 urad-52/uras-52 tpml D HISS +

mulm 200 LEU2/ +

Yeast JEY1285  MATy len2A L his3A200 nra3-52 fprm2ik: This stucdy
All of the GYH and JSY strains used \ / , il ¢ P m
\  in this study are isogenic to FY10 | . ISY1340  MATz len2 Al hisIASN ured-52 mdm 2008 This study
(Winston et al, 1995.) Has-strain = LEL2 _
R ISY1374  MAT= lew2 ALAee2 AT s 3ANN Rrs 3 AN This stucky
5 / w352 nrad-52 tpmdD:HIS3 + mdm200::
U e LELi2; 4
Description Yeast strain | ABY1248 '“fﬁ len2 '}:,”" rad-52 dys2-800 ade2-100 A Bretscher
aded bem2- I
/ \ IGY4 MATy lee2-3, 112 his3IAN0 nre3-52 2800 A Alams
—— SHSS—L L aded sachly LELR
(Yeasl sirainsused ih iy e 2 Yeast strain Sl¥e3 MATy lewd-3, 112 urad-52 orpl-1 hisé myod-66 5 Brown
the study by Hermann et al. !
S - } o el B —

_\ Cheung, K.-H., Samwald,
F Winston
e / M., Auerbach, R. K. &
TR Gerstein, M. B. 2010.
Vg )| Structured digital tables on

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

s@f

| Named graph

— _%__u_r33—52 -
Kereng o P the Semantic Web: toward
‘_“’ v \ Shlici \ a structured digital
|  SLY63 S Brown f Mol /
A \ / iterature. Molecular
table g —:’ ______-—_—-*”""_f

— Systems Biology, 6, 403.
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Example for (2) Web Ontology Language OWL

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 =G 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 =Py 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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OWL class constructors

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. dco_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 al. (2009) Speak: An P-successor exists in C
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06 Medical
Classifications
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GENIE
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Medical Classifications — rough overview

= 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)
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International Classification of Diseases (ICD)

World Health
Organization

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

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, VWHO took over the responsibility for the |CD 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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International Classification of Diseases (ICD)

= 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

= 1938 5th Edition
= 1948 WHO |
u 1965 ICD_8 Classifications

The International Classification of Diseases 11th s due b

e A
[ | I D : I e Aeob-frasiaiti - ! Classification of Diseases 11th Revision is due by 2015
whoghb k]
= Famiby o Inbsmatiorst ICD is the intematicnal standand o measuns health & hoalth aardoes

Clasadfications netwodk — - + Mortality siatstics
Clanileaties o

2015 - vorhidty sassiics

= 2015ICD-11due ... (S
= 2018 1CD-11 adopt ==l | p )

=% World Health
¥ Organization

« 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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Systematized Nomenclature of Medicine SNOMED

= 1965 SNOP, 1974 SNOMED, 1979 SNOMED I

" 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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SNOMED Example Hypertension

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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Medical Subject Headings (MeSH)

= 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.
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The 16 trees in MeSH

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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MeSH Hierarchy: e.g. heading Hypertension 1/2

C. Diseases

S e, (ki S CEY

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

Hersh, W. (2010) Information Retrieval: A Health and Biomedical Perspective. New York, Springer.
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C14.907.489.480
Hypertension,
Pregnancy-Induced
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C14.907.489.631
Hypertension, Renal




MeSH Example Hypertension 2/2

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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W

MeSH Interactive Tree-Map Visualization (see L 9) <.

MeSH thesaurus using XML sourcefile date: Jul 10 2006 1-5F-24 Abd

Chemicals and Drugs (MeSH Category) COrganizms (MeSH Category) i Biological Sciences (MeSH Category)
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% 0 |_||_||_||_||_||_| Sar [[a L= ﬁ E&E H
= =2 I o
Helmirths || m g
0 ERE
Chordata Biglogical P ..
Wertehrates Cell P Im
Pha... Mam Du E":l.mu |:|
,—m‘ 2 =m
I 5= EllDlD i
Edible Plants Pl E ! |:||:In gﬂuﬂ

Bacteria i
[ Gram-Megstive Bacteria | |[oma vins.. ReRr ...

e ] <. Jo] mmmsﬁ =|EH

Reprod ...

[ ] | Inorganic Chemicals Biclogical Factors || Chemical Actio..
|| Elemerts Antigens |Pharmaco|0gl
Surfacs... .

ZI

| |Potycyclic Co...
|Ster0|ds Pal |POIym... | | Hor ... | Analytical, Diagnostic and Therapeutic T... | |Physical Sciences (MeSH C... | [Psychistry and P...

[[Eer=T
Qogonafif pr |: Bi |P|EH (<o [OO Dlagnosis Surgical Proce... Matural Sciences Behavior and B....
Sbciie \_IIJ ]
ol DE =r E% Egg JIT_r”U_rI Di | Chemistry Physms | -
il 20 |[Phys... [
| s __IZI i !

Origanic Chemlcals

Investigative ... Therapeu...|

Gen... |[Clin... ||{[com... ][D
e < o PIE=s
or 15228 JDDD

Dizeazes (MeSH Category)
Bacterial Infectio... ||Congenital, Hereditar ... |Hemic and Lym... |[Disordersof E. .. | Musculoskels... | Skin and...

|E|actena| Infecti... |||[Genetic Dis... Skin Diz .. |
1ICIC )

Infarmation Scienc...
Information Scie...

Anatomy (MeSH Categary)
| Cells Body Re... |Muscul
Head  |||[Skelet... |

|—| Fal%lﬂhg_l I_IE'DUDI|J!| Geographic Locations (...
e WE Geographlc |acations
|-| |Ame.. Afr H|
Car... |[Tigg. || Ani... Mo | I:Ium
DD B3R \ﬂ‘g |5 E|Duu

Health Care (MeSH Cat... | |Persons... | [Publicati...
Health Care F... Persons

B

Eckert, K. (2008) A methodology for supervised automatic document annotation. Bulletin of
IEEE Technical Committee on Digital Libraries TCDL, 4, 2.

uug
D%

|Female Geni.. | Endocrine ..

I:Lll“i [] :|— Geni ¢ El_“_l
%F—HDE' \ﬂ“ﬁ‘ Ew(i=|

|Nutrrt|0... Immun... ||Ur0|0 |

AL Hy [[[]Ur..
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Mervous Syatem Dise ...
Mewr ... |[Central MNe... |
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|\-"asc:ular D...||Heart...
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0| (SO R “’DDD
Ol \E‘DQE“““ o
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UMLS - Unified Medical Language System

'b| Organism

e | Organism | ...
77| Attribute

evajhﬂﬁonofi:
"eo| Finding | oo,

Anatomical
Structure ‘

parfaf

property of

Body
" | Substance

., concgfual

l . partaf 3
Y Eody Space
y or Junction

Laboratory ot Sign or
Test Result Symptotmn
Embryonic Anatomical e ;Eg?giiir
Structure Abnormality disrgpts g
*- covkained
Congenital Anouired Fully Formed m.-""
Abnormality | | Abnormality | e Anatomical
’ Structure

Rickettsia [Baeteﬁum]

| Animal

[Arehaeen] [Fungus] [erus]
Chlairl;ydia

]

[Invertebrate ] [Vertrate]

2422

R

]
\

Biologic
Functinn

[Reptile ] [Mammal ]

Hutnan

conceplual
partaf :
Body Location
Body Part, Organ or | | Tissue Cell Cene or or Region
Organ Component Y F Component | | Genotne Physialogic Pathologic
» R A Function Function
e partaf .. B /
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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http://www.nlm.nih.gov/research/umls/

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

Home > Biomedical Research & Informatics > UMLS

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 User Education
UTS = * UMLS Quick Start Guide * Webcasts
! ® Licensing Information ® Duick Tours
Downloads # e Basics Tutorial e Presentations
Source Documentation * More... * More...
UHLsE Refaracce Manual UMLS Knowledge Sources Implementation Resources
; 5 Documentation for: For advanced users:
Requires login.
* Metathesaurus » MetamorphoSys
* Semantic Network » Database Query Diagrams
Quick Links: - s SPECIALIST Lexicon and Lexical Tools » Load Scripts
¢ More... s More...
UMLS News and Announcements Related Resources
SNOMED CT ROA Subset available for download... s MeSH®
[ subscribe to the UMLS News RSS Feed. * 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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UMLS Metathesaurus integrates sub-domains

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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Example of proteins and diseases in the UMLS

[ 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 =l

Bilateral acoustic neurofibromatosis)
C0027832 !
T Merlin, Drosophila
I N N - - T - - _-.--_..-:..-g.._.’ _______ #‘.. ———————— - N T . LI |

3 : R

NEUROFIBROMATOSIS, | / . | Drosophila melanogaster merlin EE

TYPE II; NF2 y > (Dmerlin) mRNA, complete cds. | |22

#101000 U49724 { |58

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

Health Informatics — Andreas Holzinger 87



Conclusion and
Future Challenges
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Key Problems

= 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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Slide 3-45: Future Challenges

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

" |nteractive, integrative machine learning and
interactive ontologies - human-in-the-loop

= Never ending learning machines [2] for
automatically 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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Questions
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Reflection from last lecture

" The Quiz-Slide will be shown during the course
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