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The GALEN High Level Ontology

AL Rector JE Rogers P Pole
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Abdradt. This paper summarises the top level schema@#h&N Common Reference model.
The top levels of a structure tested in a rangsexfis described. This includes a taxonomy and an
associated set of semantic link  types. The cugtasnt of the project and its goals is discussed.

1. Introduction

GALEN is a large project developing terminologyses and data entry systems based on a Common
Reference, or CORE, model for medical terminoldg®]| In previous papers we have described the
schema used for modelling anatomical structuresaf#] the overall modelling style [4]. This paper
summarises the highest levels of the GALEN schemiaritology'. Further detail on this material can
be found at the URL http:/mwww.cs.man.ac.uk/migfgebr by e-mail from galen@cs.man.ac.uk.

We use the term ‘ontology’ here to indicate the ehofithe categories within the universe of
discourse, plus sufficient information about thoategories to allow them to be classified autosadltic
We take ‘ontologies’ to be language independeinty tise broader term ‘terminology’ for an ontology
linked to linguistic information. We also assunedhtology to be separate from more general irderen
systems dealing with time, causality and so on.

Despite the philosophical connotations of the wordology, our work in modelling an
ontology for computer applications has requiredractipal and pragmatic approach. Although
agreement on a high level schema is a prereduisgéiective co-operation between different grooips
modellers, it is not practically possible eitherbtald, or construct an implementation to supyrt,
philosophically perfect model. What follows, theref is not claimed as an ultimate or perfectisolut
It is, rather, the current stage in a series @essive approximations to practical tools which wil

o Fit closely enough with accepted medical usagadble intuitive user interaction, especially in
applications for clinical data entry or the retaleand classification of medical concepts

e Bere-usable, i.e. be sufficiently general to Ieel iy a range of different medical applications

e Support practical collaboration between differemtigs, being easily understood, taught, and used
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Figure 1: GALEN CORE Model top level category spac
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5. Summary of the GALEN Schema
1 Categories: Structure, Substance, Process and Modifiers

The initial division of a taxonomy - physical orsaiact, structure or process etc. - is arbitrad/ an
inevitably results in a ‘tangle’. In GALEN, the qmmiary breakdown is into:

¢ GeneralisedStructures — abstract or physicalthiitty parts independent of time

e GeneralisedSubstances = — continuous abstractsicalthings independent of time

e GeneralisedProcesses — changes which occurroeer ti

e Modifiers — a heterogeneous grouping broken das\shown in 2.2

A secondary structure is superimposed over theaprimiming to capture the medical intuition of

‘disease’ or ‘disorder’. Figure 1 shows the resglbverall schema. The category labefehomenon

represents the disjunction of those categoriesmeaie be observed. Disease, in GALEN, is defined as
Phenomenon which hasPathol ogical Satus pathological.

The choice of a label, ‘Phenomenon’, for this aategs potentially controversial, but no better

alternative has yet been proposed.

As a medically oriented ontology, GALEN furtherides structures, substances, and processes
into organic and inorganic or biological and navldgical (Table 1), the labels ‘organic’ and ‘bigitcal
co-existing for historical reasons only and bemgrchangeable. BodyStructure, BodySubstance and
BodyProcess are used to group together the priroatggories for human anatomy and
patho-physiology.

Tablel: Taxonomy of majar dementary Categaries

Entity Example Entity Example
GeneralisedProcess GeneralisedSubstance
SpecificProcess Energy Radiation, SoundEnergy
BiologicalProcess Substance
BodyProcess Peristalsis, Breathing, Clofing  BodySubstance
Behaviour \litionalAct, Clinical Act Tissue Musgiesue, BoneTissue
NonBiologicalProcess NAMEDBodySubstance Urine, Bile , Sputum etc.
PhysicalProcess  Irradiation ChemicalSubstance s[Baglium etc.
ChemicalProcess  Histological Staining NAMEDSulagtan Air, Wood
GenericProcess Transport, Opening, Closhg
GeneralisedStructure ModifierConcept
AbstractStructure Aspect
PsychosocialConstruct Clinic, Hospital Feature , Shyonicity, Shape, Malignancy
LogicalStructure Protocol, Plan State male/feraalgte/chronic, round/square
PhysicalStructure Selector leftSelector/rightBale
LinearStructure Displacement Status pathological/pysiological
normal/nonNormal
PlanarStructure Triangle, Square Collection (Wletivhich isMultipleOf Spot).=Rash
SoalidStructure Modeality FamilyHistory, presenbeface
MicroscopicStructure Cell, Microorganism Role DRate, HormoneRole, PatientRole
InertSolidStructure Building, Device Unit secamgire, kilogram
OrganicSalidStructure LevelOfSpecificatiouniquelySpecified
n
BodyStructure
BodyPart HeartLeg, Head, Femur, AdrenalGland, Sacrump#igBone, e
etc
GenericBodyStructure Cusp, Horn, Promontory, Artemyp, Bursa, Orifice, Rim, Ridge etc
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Organism Bacterium. Protozoan, Virus, Fungus, Biodj,
SalidRegion e.g. (SolidRegion which isSolidDivisiriiver) name PieceOfLiver.
Space Cauvity, Potential Space, PathologicalCavity

Some primitives in the category hierarchy are eediie artefacts, identifiable by the prefix
‘NAMED’ in their label. The child categories of $uentities share a common characteristic, but are
otherwise heterogeneous. The artefacts break upnekdd otherwise be very large flat lists, to sissi
the modellers in managing early models. They nsay@bvide a useful common parent from which a
single constraint may be inherited. The prefix ‘NBD! is to distinguish the artefact from the
corresponding abstraction. For example NAIMEDPathol ogical Processes (Trauma, Inflammation,
Ulceration, Neoplasia, Degeneration etc)Rathol ogical Processes but not vice versa. This is expressed
in GRAIL by:

(GeneralisedProcess which hasPathol ogjcal Satus pathological ) name Pathol ogjcal Process:
NAMEDPathol ogical Process necessarily hasPathol ogical Satus pathol ogical.

2 Modifiers

In GALEN, the many modifiers of medical terms aveded principally between:

¢ Aspects which refine the meaning of a categoryg—aeation, severity, shape etc. where a ‘severe
diabetes’is a kind of ‘diabetes’

e Modalities (such ad=amilyHigory or Rik) and Callections which take their meaning from the
category but which are fundamentally different frtve original category, e.g. ‘family history of
diabetes’is not a kind of ‘diabetes’, nor is &ddgoolyps’ itself a kind of ‘polyp’

In addition, GALEN recognises:

¢ Roles such as PatientRole, DoctorRole, HormonefRolas discussed in detail in [4]
e Levels of specification whose use is discussef] in |
¢ Units such as metre, kilogram, minute, etc. whieluaed as part of quantities

1 Agpects Feature-Sate pairs SHectors and Satuses

Agpects generally correspond to categories used as addr adjectival expressions. In GALEN,
most properties which can describe phenomenaand feeneatkeature (e.g. Temperature), and the
corresponding values bene&kte (e.g. Hot/Cold). However, many singleeBiures can take several
values. An example would be the body temperatuagpafient, which could be raised, increasing,lowe
than the last reading and higher than expectedhgocondition). The GALEN model must allow a
Feature to take only one value from a mutually excluseiecSates (e.g.riang, condant, falling) but
simultaneously to take multipf@ates from any number of such sets (eigng as well asow). The
schema foAspects therefore is:

Category-hasXFeature-Feature-hasXSate-Sate

for example (in GRAIL notation):

Patient which
hasTarpe atureFeature (Temperature which < hasAbsoluteSateraisad
hasTrendinSate decreasng
hasQuantity (Quantitywhich<  hasMagnitude 39.8
hasUnits
degreeCentigrade>)>).

However, it should not be possible to simultangolisk to (Temperature - high) and
(Temperature - low). To prevent linking to more than one kind ofgleiFeature, all attributes linking to
aFeature-Sate pair - such akasTemperatureFeature above - have single-valued cardinality. However,
the cardinality of GRAIL attributes is constantngedetermined at the point of their initial deatan.
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To allow linking to more than one differdfgature-Sate pair (e.g tdhape as well ademperature), a
dedicated, single-valued linking attribute musstefar everyFeature: Frequency may only link via
hasFrequencyFeature, Shape via hashapefeature and so on. This work-around may be improved
upon in the future.

By contrast, there are other modifiers which oalyesto select which of two or more options
pertainseg. ‘left’ in ‘left hand’. There is nothing else toysabout the ‘laterality’ of the hand and, hence,
no reason to creatd=aature. Such modifiers are term&dectors whichare linked by a single attribute
in the simpler schema:

Category which hasXSdector SHection.

for example:

Hand which had_eftRightSdector [eftSdection.

Many selectors such as left/right, upper/lower, iateract with the part-whole structure in
important wayseg. the ‘right hand’ can only be part of the ‘rightrér The simpler schema above
makes the implementation of these patterns mareeffusing GRAIL constructs for transitivity [5].

Finally, normal andnonNormal, physological and pathological and a few similar modifiers
with special usage are placed together Udieis Like SHectors Satuses are linked to their modifiers
by a single attribute.

.2 Modalities FamilyHigory, presence and absence

A FamlyHigory can be of almost any phenomenon, e.g. ‘familptyisif diabetes’, family history of
elevated blood pressure’, family history of tunguimilarly, any phenomenon can be absent or
present, currently or in the past and with a vViaridegree of certainty. Such categories are cotestru
using modalities:
Modality which isModalityOf Phenomenon.
For example:
FamilyHistory which isFarmilyHistoryOf Diabetes
In addition, collections and sets are created usodglities, for example
(MultiplewhichisMultipleOf Spots) name Rash.

3 Attribute Hierarchy

The taxonomy of ‘attributes’ (or ‘semantic link &%) is influenced by, and supports the category
taxonomy already outlined. The primary distinctobetween:
» CondructiveAttributes - linking processes, structures and substangether
*  ModifierAttributes -- linking processes, structures and substamcesdifiers.
The modifier attributes and modifier categoriesraimately tied, as discussed above. The constuct
attributes are broken down initially as shown bl@&.

Table2 Summary of condr uctiveattributes

Attribute Examples
CondrudtiveAttribute

PartitiveAttribute

Srudtural PartitiveAttribute hasSolidDividon, hasSurfaceDividon, had_inear DiviSon,
hasSructural Component, had_ayer, has-undtional Conponent
ProcessPartitiveAttribute hasSubprocess

Sructural Attribute oonnedts serves(eg. Artery which servesLiver), isAnatomicallyRd atedTo
DdinitingAttribute hasBranch, definesSpace, contains, passesThrough,
LocativeAttribute
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Anatormical LocativeAttribute | had_ocation, isContainedin

Functional LocativeAttribute | act90n, isFunctionOf
Functional Attribute act90n, hagGoal, isFundtionOf, hasExposureTo, has-unctional Cormponernt
hasCausalLinkTo hasAssodation, hasConsaguence

3. Discussion and Conclusion

This paper has outlined the high level structutee@GALEN Common Reference Model as at January
1996. It shows how a basic structure of substapmsgsses and structures, coupled with a system of
modifiers and modalities, can be used to model meslical concepts intuitively. Although heavily
influenced by the UMLS Semantic Network [6], the N ontology has required finer granularity
and a somewhat more general taxonomy. A detailegbaason is forthcoming. The structure has
evolved iteratively through experience in reprasgnsegments of coding systems and practical
experience in building clinical systems within @&LEN project [7] and in a commercial collaboration
Work with coding systems has focused on SNOMEDHatienal and ICD-9-CM, covering most of
their cardiovascular and respiratory sections, gdiggnents including Urology, Gastroenterology and
Orthopaedic Surgery. The ‘Clinical Act’ sectiorheavily influenced by RICHE/NUCLEUS [8,9] and
CEN [10] models. About 6000 primitive or compositéegories are present in the model, providing
many points to which constraints are attached.elbeastraints imply an extended category space
running to several billion entities, which can pt&dly be automatically generated by the existing
implementation.

In terms of the goals identified in the introdugfithe model is being used in both experimental
and prototype commercial data entry systems toogupguitive clinical data entry. Re-use has been
demonstrated between data entry and auto-encqapiicetions, and experimental work with decision
support systems is underway and encouraging.

From our experience so far, we are confident otinderstanding of the choices in the current
model, and that we have a firm foundation for Ipp#tetical and theoretical development. The need for
an efficient implementation, together with the rieetbpe with the mismatch between human cognition
and formal modelling tools, mean that the schenst oantinue to evolve. Above all, the high level
schema must enable co-operative working if it bddruly scaleable. The key test of this will be t
GALEN-IN-USE project, begun in January 1996, whiniolves nine centres building or using the
model.

4. References:

1. Rector, A. (1994). Compositional models of medaaicepts: towards re-usable application-independexical
terminologies. in Knowledge and Decisions in HeBdtbmatics P. Barahona and J. Christensen (&1Pi€3s. 133-142.

2. Rector, A., W. Solomon, W. Nowlan and T. Rush (1985Terminology Server for Medical Language anciiigk
Information Systems. Methods of Information in M, Vol. 34, 147-157

3. Rector, A, A. Gangemi, E. Galeazzi, A. Glowinsid &. Rossi-Mori (1994). The GALEN CORE Model Schgnfor
Anatomy: Towards a re-usable application-indepemdedel of medical concepts. Twelfth Internatidahgress of the
European Federation for Medical Informatics, MIE:t9bon, Portugal, 229-233.

4. Rector, A. (1995). Coordinating taxonomies: Keyeaisable concept representations. Fifth conferamotrtificial
Intelligence in Medicine Europe (AIME ‘95), Pavtaly, Springer. 17-28.

5. Rector, A. and W.A. Nowlan (1993). The GALEN Repntation and Integration Language (GRAIL) Kernetsién 1.
The GALEN Consortium for the EC AIM Programme. (e from Medical Informatics Group, University o
Manchester).

6. McCray, A. and W. Hole (1990). The Scope and 8teidf the First \ersion of the UMLS Semantic [Reurtheenth
Symposium on Computer Applications in Primary G8EAMC-90), Washington DC, IEEE Computer Society.
126-130.

Page: 5



Accepted for Medical Informatics in Europe (MIERBY Copenhagen

7. Wigertz, O., G Hripscak, M. Shasavar, P. Bégenhidinihlfeldt and H. Gill (1994). Data-driven meali&nowledge

based systems based on Arden Syntax. in Knowleddeexisions in Health Telematics P. Barahona.dDiaridtianson
(ed). 10S Press. 126-131.

8. Nicklin, P. and B. Frandii. (1995). Act Manageneamd Clinical Guidelines, in Health Telematics ftni€l Guidelines
and Protocols, Eds. C Gordon and JP Christial@38riPless ppl17-124.

9. Frandj, B., J. Schat, M. Joubert, I. Soady. (198H¢ RICHE Reference Architecture, in Medicalrmiatics Vol. 19 no.
1 Jan-Mar 1994

10. CEN PT 251:002S (1995). Structure of Coding Systéfatedical Devices. Draft ENV, CEN.

Page: 6



