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Abstr act
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the GALEN ontology and its high level schema. Tpagper describes the
high level schemas themselves for the top levelfaany and disease, and
illustrates how those principles have been worketlio practice. The

complete Common Reference Model and associatedrialate available

from OperGALEN atwww.opengalen.org
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1. Introduction

GALEN seeks to provide re-usable terminology resesitfor clinical systems. The heart of
GALEN is an ontology, the Common Reference Modelfmulated in a specialised
description logic, GRAIL [2]. The key choices bethithe ontology are embodied in its high
level schemas — the choice of major categoriesastenlinks, and representation style for
key constructs. A previous paper [1] describesrdi®nale behind GALEN’s high level
schemas. This paper describes the top level scp&mdhe high level schemas for anatomy
and disease of the GALEN internal representati®eparate papers describe aspects of the

schemas for procedures [3] and drugs [4].

Although presented in GALEN’s notation, the preaéioh is intended to be sufficiently
general to allow comparison and potential harmaioisawith other clinical ontologies such
as that being developed by SNOMED-RT [5, 6], the Gknical Terms project [7], the
Digital Anatomist Project [8], or more languageemted work such as that of Zweigenbaum
[9] or Hahn [10] or the ontologies used for problealving by Musen [11]. The complete
ontology along with documentation can be found dme OperGALEN web site

www.opengalen.org

It must be emphasised that these are the schemé#sefainderlying ontology formulated in
the GRAIL description logic. GALEN treats this oldgy as an ‘assembly language’ which
few users ever see. The goal of this underlyinglogly is to be unambiguous to result in

correct classification. Intuitive presentationsisers are dealt with separately [12-14].

2. Top Level Ontology

GALEN's top level distinction is between first céasntities, oiThings and everything else,
or ModifierConcepts Thingsare divided into

e GeneralisedStructures — abstract or physical things with parts indegenaf time

e GeneralisedSubstances— continuous abstract or physical things indepehoftime

e GeneralisedProcesses — changes which occur over time

This structure is adapted from Lenat and Guha. é¥ew Lenat and Guha maintain a
distinction for processes analogous to that betw@tncture’ and ‘Substanceg.g. between
“The digestion of a meal” and “The activity of dg®n”. In GALEN'’s experience, both

users and knowledge engineers have found thisndigth confusing, and it was dropped.



Too many medical processes have ill-defined beggsmand ends. Similarly, the naming of
the category ‘Thing’ led to arguments so it wad lefplicit. The GALEN Common

Reference Model as published is therefore as shoWwigure 1.

2.1 Modifiers

The first level break down dflodifierConcepfalls into:
e Aspect and Modality

— Aspect —fnodifiers’ proper, normally used in the patterRrimaryThing which

...modifier(see [1])

— Modality — modalities as described unddérst class entities and modifiersiormally

used in the patterdodality which .. (see [1])
— Other concepts which are dependent on first classapts for their meaning

— Role — arbitrary concepts used to make elementary taxae®narthogonal.e.g.
DoctorRole, HormoneRole, DrugRo&tc. SeeRoles and role designating attributes

below.

— Collection —set, system, etcGALEN has a weak notion dZollection There are no

special features in the formalism to support op@naton collections.

e Other things that have special significance or el
— Unit — mg, day, etc.

Aspectis further broken down into:

e Features— nominalised relations between such as ‘Level'Saverity’ which must be
modified by one or more States to have a meanirg fieature-State’ pair

e States- the ‘values’ ofeatures, e.gmild’, ‘moderate’, or ‘severe’

e Selectors — values of selections, largely in anatomy, such ‘&eft/right’ or
‘upper/middle/lower’ as opposed to ‘to the left @hd ‘to the right of, etc. Selectors
identify a specific entity rather than modifying it

e Statuses —modifiers used in the ‘internall workings of the d®& such as
‘normal/nonNormal;  ‘countable/indefinitelyDivisible/massand various topological
indicators.

All mutable properties are nominalisedfeature-statepairs,e.g. Disease_whicthhasFeature

(Severity whichhasState severeBy contrastSelectorsandStatusesre always linked to the
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entity they modify by a single semantic linle.g. Hand which hasLeftRightSelector
rightSelection. There can never be anything more to say aboutritpethiess’ of the right

hand, it just is.
2.2 Phenomenon — Secondary High Level Ontology

As noted in [1] most ontologies seem to requirdeast one very high level disjunctive
category to represent key concepts. In GALEN tki®henomenon. A Phenomenors
anything which can be, or can be modified to bertlvaoting clinically as nonNormal or
pathological. = As shown in Figure 2Phenomenonis the disjunction ofThing
(GeneralisedStructre, GeneralisedProcess, Gen@adfisibstance), Feature, Statusnd
Collection This is really too inclusive for a general ooy, since it allows things like rocks
to be ‘pathological’, but the enormous effort tghtien the constraints has not so far been

warranted in a clinical ontology for clinical apgdtions.

3. High level attribute ontology

3.1 Top Level attribute ontology

The top level breaks down into:
ConstructiveAttribute Links between first class entitiesj.e. Things i.e.
GeneralisedStructures GeneralisedSubstances  and
GeneralisedSubstances
ModifierAttribute- Links betweemhingsandModifierConcepts
TemporalAttribute - Links between processes and statuses via tempeledlons
(not fully complete)

3.2 Constructive Attributes

The key constructions in most medical terms arledate a disease or procedure in a structure
or part of a structure. The most common schem&ALEN for disease or procedure

concepts, and by far the most common schema foieguar abstractions is:
Disease/Procedure whidocativeAttribute BodyStructureOrProcess

LocativeAttributehas been steadily generalised in the course girthject until it has become
the analogue of ‘Phenomenon’, a domain specifijudddion of attributes needed for high

level queries.



ConstructiveAttributesherefore break down into three main attributesspihe domain

specific disjunctionLocativeAttribute gliasinvolves)

PartitiveAttribute - Part-whole relations as discussed further undetoama and
processes.
StructuralAttribute - Non-partitive structural relations such as connegsasses

through, contains, etc.
FunctionalAttribute - Attributes involving functional relations.

involves (LocativeAttribute) - Links lesions, processes, and procedures to their
location or cause. Tumours are ‘located in stmasturather
than being ‘part of structures’ in the GALEN ontgyo

It may seem odd to think of causal attributes asative’, but, for example, the classification

of ‘spider haemangiomata’ under ‘Phenomenon invg\iver disorder’ is appropriate. .
3.3 Modifier Attributes

The modifier attributes and modifier categories imtenately tied, one main branch of the
attribute hierarchy for each branch of the modifteerarchy: hasFeature, hasState,
hasStatus, hasSelector, hasModalit

3.4 Roles and RoleDesignatingAttributes

The principle of orthogonal taxonomies leads toidewange of specialised hierarchies which
are used to designate aspects of concepts whiaistlees are best seen as natural kinds. In
GALEN these are all known as ‘roles’ and linked aitributes named playsXRole or

hasXRole. The range of usage extended from markunigstances as hormones using

homoneRol¢o identifying professions by playsClinicalRole.

4. Anatomy

4.1 Part-whole relations and physical connection

There has been much study of parts and wholeqaotitive relations’, and an entire field of
‘merology’ is based on their study [15, 16] andn#figant work in the description logic
community [17-19].

GALEN'’s principles are:

a) All partitive relations are transitive.

b) Diseases/disorders/procedures of/on a part paisinto the whole.



c) Partitive relations break down into two groups:simonvolving parts of physical objects
and those involving constituents in mixtures of ahces or granular material.

(Collections are not considered ‘partitive’ in GANEhough they are in [15, 16])
d) Partitive relations involving physical parts ocauthree main ways:

— Components — things like joints, ligaments, proesssrgans, which occur only in one
(or occasionally more) divisions of an object. Compnts of any sort of part are

components of the whole.

— Solid and Surface divisions — things which are rdygelf similar, at least to the extent
that they have similar layers,g. the upper and lower arm are divisions of the upper
extremity. The distinction between solid and sugfdovisions is roughly parallel to the
distinction between two- and three-dimensionalargiin the Digital Anatomist Project
[8]. Divisions of components are not componentthefwhole.

— Layers — things like skin or the muscle or periastehat occur in all divisions of an
object. GALEN'’s approximation is that a layer ofli@ision is a kind of a layer of the
whole. The more correct relation as pointed ouflin] is that a layer of a division
should be a division of a layer of the whold.e: the skin of the hand should be a
division of the skin of the upper extremity. Layef components are not layers of the
whole —i.e. the surface of the cusp of a heart valve is nesihand of nor a part of the
surface of the heart.

e) Connection is transitive but not partitive; ‘brareh is neither partitive nor transitive
(otherwise all arteries would be branches of thieae perhaps true in some sense but not
very useful)

f) Connected physical sets such as the ‘digestivé’ ee distinct from functional systems
such as ‘the digestive system’. For example, dmecpeas is part of the digestive system

but not of the digestive tract.
4.2 Topology, cavities and containment

All structures in the GALEN Common Reference Mokale a topology that may bellow

or topologicallySolid Being solid is simple. The key feature of bemglow is that any
hollow objectdefinesSpacknown as &avity. Things can only be ‘contained’ in the cavities
formed by hollow objects. Containment is not cdased universally partitive in the GALEN
Common Reference Model because it is not conslgteht case that ‘disorders of a



contained thing are a disorder of the containinggth— “disorders of the heart” are not

usually considered “disorders of the pericardium’féct, if anything, the opposite is true).
Beinghollow is actually quite complex and breaks down into

surfaceHollow—~  Surface regions such as the ‘abdomen’ whichlevarcavity and
are often said to have things in them. This mayabeatrtificial
convenience but it is difficult to cope with mangnemon medical

expressions without some such construct.
trulyHollow — Properly hollow structures.
closedHollow-~ No openings
tubularHollow— One or two openings. The cavity ikimnen
bilayered— Membranes which form potential spaces suchagehitoneum or
pleura
4.3 Tissues, Cells, and substances: mass, discrete, and indefinitelyDivisible

Most western languages make a distinction betwaass nouns’ such as which are normally
used in the singular — such as “water”, “sand”, &tpping” — and ‘count nouns’ that may
be singular or plural- such as “stick”, “stone”datpurchase”. Lenat and Guha make a

corresponding semantic distinctierg. between ‘stuff’ and ‘thing’ [20].

In the GALEN Common Reference Model, structures sutastances haveGountability that

can be one of:
discrete — individual bones, organs, membranes, et
mass — substances and tissues
indefinitelyDivisible— Cells, grains of sand, etc.

The indefinitelyDivisible category was added to cover things like cells Wwhace usually
treated en masse as in their count-concentrati@nbady fluid, but which can have discrete

parts.

The partitive attribute for mass and indefinitelyBible attributes arasMadeOf The

containment (non-transitive) attributeisdlixedThroughout

4.4 Regions

The problem of describing the regions of the badgne of the significant headaches for any

system attempting to describe anatomy logically.



a) Regions have ill defined borders

b) Regions can be either two-dimensional surface regay three-dimensional solid regions,
and the distinction is not always clear.

c) Regions are often named identically with the priynstructure which they contain: the
region of the lower extremity associated with theée joint” is the “knee region”.

d) The thing for which a region is named may be basedlinical significance and cannot
be inferrede.g.there are many structures in the left anteriosghaut the “precordium” is
specifically associated with the heart.

e) The definitions of some regions, such as the axlie@ perineum, varies amongst

authorities.

GALEN represents two- and three-dimensional divisi@f regions using two families of
attributes —hasSolidDivisionand hasSurfaceDivision(i.e. solid/3-dimensional regions) and
correspondinghysolidRegionsaand SurfaceRegions Regions are typically named for a single
specific body part, such that the “periaortic spaisedescribed byhasSpecificProximity

Aorta.

4.5 Bits and Pieces

Terms such as ‘capsule’, ‘spine’ or ‘edge’ are widesed in anatomy to identify anatomical
substructure elementseg. “capsule of kidney”, “spine of 5th lumbar vertehréedge of
liver” etc. Each such term can be ascribed att lsasie level of definition although such

definition may be less than precise.
In modelling such anatomical substructure therewaoechoices.

a) To represent the generic notions as natural kindk the real anatomic structures as
defined composites.g. Angle whichisStructuralComponentOf Mandible, Pole which

isStructuralComponentOf Kidney, etc

b) To represent the substructures that can themsdieesaken as natural kindg.g.
PoleOfKidney, PoleOfOvanetc. with no explicit relationship to the moresahct notion

of e.g.Pole

In general, GALEN has chosen the compositional oekthecause there seems to be sufficient
commonality in notions such as “lobe”, “pole”, “sagnt”, etc. to merit capturing them

individually.



4.6 Other anatomical notions represented

In addition to whether objects are solid or hollongss or discrete, GALEN represents three
other anatomical notionSurfaceVisibility— whether a structure is internal or exterdlape

— laminar, linear, etc.; amhiring — pairedor unpaired.
4.7 Breaking up long lists and the NAMED... convention

The principle of orthogonal taxonomies, combinedhva principled approach to choosing
natural kinds, results in a broad flat hierarchye&#mentary categories which is difficult to
work with. For convenience GALEN breaks this hiehgy up into units which are convenient

for the developers by introducing categories sisdNAMEDBodyPartNAMEDDrug etc.

5. Diseases

5.1 Normal/NonNormal and Physiological/Pathological

What is a “disease” or “disorder”? What does itamé¢o say that something is “normal” or

“abnormal’? “pathological” or “physiological? Give many different philosophical

definitions, the only recourse was to identify wimgterational outcomes were required to

provide a reasonable logical approximation. Theskide:

a) Distinguishing normal anatomy from abnormal andigb the normal anatomical parts,
connections, etc. of any structure.

b) ldentifying those things whose presence was paténtioteworthy in a medical record or
similar.

c) Flagging things as clearly ‘diseases’ or ‘pathatadjj i.e. something close to “in potential
need of medical management”

d) Representing the notion of being ‘abnormal but pathological’ which we took as
meaning something like “note-worthy but not in neéanedical management”.

e) Recognising that the presence of some things isyalvpathologicale.g. a malignant

tumour or a fracture

To achieve these objectives, GALEN defines two peiwlent status distinctions,
normal/nonNormakndpathological/physiologicalplus two rules enforced through GRAIL’s

necessary statement mechanism:
a) anythingpathologicalis nonNormaj and

b) anythingnormalis physiological
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In addition it defines a further set of statusesinsicallyNormal/intrinsicallyNonNormaand
intrisicallyPhysiological/intrinsicallyPathologicablus the rules:

a) AnythingintrinsicallyNonNormalis nonNormal
b) AnythingintrinsicallyPathologicalis pathological
The converses are not true, things whichiatrensicallyNormalare not necessarilyormal —

they may have acquired disorders or abnormalitilesyise forintrisicallyPhysiologicaland
physiological

5.2 Phenomenon and “Disease”

What then is a “disease”? The closest logical agpration to “Disease” or “Disorder” in the
GALEN Common Reference ModelfathologicalPhenomenashefined as:

Phenomenon whichasPathologicalStatus pathological

The closest logical equivalent to “Disease of OrgaBystem” is:
PathologicalPhenomenon whiatvolves OrganOrSystem

For example, “cardiovascular disease” is representey the GALEN concept
CardiovascularPathologyhich is defined as:

PathologicalPhenomenon whiatvolves CardiovascularSystem

The GALEN category’Phenomenomnd attributenvolveshave been carefully crafted to try to
capture the various ways in which things can gongrarith organs or processes to constitute
“diseases of ...” or “disorders of ...”. The lali@hthologicalPhenomenoaxplicitly avoids
implying too close a mapping to any natural languplgrase such as “disease”, “disorder”, or

“condition”.

5.3 Causation

Causation is a critical notion to medical concemis surprisingly slippery. The GALEN
Common Reference Model recognises roughly four dsimas.

a) Strength of association — from statistical to pbigsgical cause

b) Immediate vs late

c) Whether thought of as a ‘complication’ or a ‘cause’

d) Whether conceptualised as the primary or seconcklange as indicated by whether it is

used in the naming or not.
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Attributes which indicate close causal connectiang, isSpecificlmmediateConsequenceOf
are transitive whereas attributes indicating loosenections such asLateConsequence©f
hasAssociatiomare not.

5.4 Multiple causation

Many conditions are defined by their causeay. “viral pneumonia”, “bacterial meningitis”,
etc. What is to be done about situations in whiadrd is more than one cause? Clinicians
dislike the logical inference that “mixed pneumdnga kind of “bacterial pneumonia” and
at the inability to distinguish between a “mixedepmonia” and a “viral pneumonia
complicated by bacterial infection”. Nor would anlnician want to imply that “diabetic
renal failure” could not have other contributingusas. On the other hand, the notion of an

“infection involving bacteria” certainly ought taglude such mixed conditions.

GALEN’s solution to this problem is to wuse speciahild attributes of
isimmediateConsequence@fLateConsequenceOtf.e. isSpecificimmediateConsequenceOf
isSpecificLateConsequence@@ftc. ,e.g. ViralPneuomniais defined aPneumonia_which
isSpecificlmmediateConsequenceOf Virallnfection

5.5 Levels

A recurrent pattern pointed out by Shahar [21hisandling departures from the expected or
normal value and changes in states. GALEN hastadaphahar's scheme to provide a
consistent ontology for all measurements which lbarelevated, depressed etc. based on the
re-usable quantitizevelwhich takes a series of attributes linking it ttfedent kinds of state:
hasMagnitude, hasChangelnState, hasTrendInState, sRdlativeLevelState, and
hasExpectedLevelStatallowing complex ideas such as a “temperature withagnitude of
39C, which is falling but considered elevated (ligthan expected)” .

5.6 Clinical Situations, presence and absence — encapsulating concepts for Medical
Records

Two of GALEN'’s specific objectives as indicated time introduction were to encapsulate
concepts so that they could be incorporated imtditional medical record architectures and to
provide means of mapping to existing coding andsifecation schemes. What is it that must
be entered in a record or that must be mapped dodang scheme? Answers to the two

guestions are similar but not identical.

For medical records which have been designed dalitional coding schemes:
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a) It must be able to include the negative as welp@sitive concepts, since some medical
records systems provide negation within their infation model but others do not.

b) Itis often a complex of several conditions.g.A with B without C

c) It is often necessary to record causal or temp@iations to other things in the medical
record and co-ordinate that information with the@ept —e.g.“nephropathy secondary to
diabetes” or “fat embolism secondary to fracturéemur”.

GALEN achieves a) and b) by ‘wrapping’ the kernahcept in two outer modalities:

a) Existentiality— presenceor absence

b) ClinicalSituation —a clinical ‘chunk’ to be recorded and treated tbget

Hence the total expression for a concept repreSenttor recording in a medical record or

mapping to a coding system is always of the forrthefexample below:

ClinicalSituation_whichisCharacterisedBy <

presence whiclsExistenceOf StomachUlcer
presence whiclsExistenceOf StomachPenetration

absence_whiclsExistenceOf Haemorrhage>.

Transitivity is declared in such a way thaChnicalSituationwhich is characterised by the
presenceor absenceof some condition, is itself characterised by tbandition — hence the
above example would be subsumed by WOlinicalSituation _whichinvolvesStomachand

ClinicalSituation_whichinvolves Haemorrhage.

5.7 Mapping to coding and classification systems

In general, ‘clinical situations’ map directly tems in traditional coding and classification

systems such as ICD9/10 or the disease axis of SEI®Mternational with a few provisos.

a) The categories in the GALEN Common Reference Mddehot represent codes directly.
Rather they are mapped to codes using the inderetbods described [22]. The general
rule is that a GALEN concept is mapped to the mspstific code on which it is indexed.
If there is more than one such code, then otherhamsms for disambiguation are
required. In general “excluding” clauses in ICD e.g. “hypertension excluding
pregnancy” — indicate that a more specific codestexelsewhere and are catered for
automatically by this mechanism.

b) A code may be mapped to more than one GALEN cayedggpically if there is an

“includes” clause in its rubric.
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c) Any code rubric including ‘other’ or ‘not elsewhetskassified’ is mapped to an artefactual
GALEN concept specially created for that codingeys

d) Any code rubric including ‘Not otherwise specifieNOS’) is mapped to the parent
concept with a suitable annotation on the mapping.

6. Discussion

The GALEN ontology schemas illustrate how the gples set out in the previous paper are
carried through in practice in the internal formtbé GALEN ontology. The fundamental
criteria are a) the ability to express medical &pts and the abstractions required for medical
gueries and b) the correct classification and ewe#ili of those concepts subject to the known
limitations identified [1]. Human factors issuese adealt with separately in GALEN'’s

mechanisms to support user interfaces [12].

With respect to the internal criteria previouslemdified [1], the representation is sufficiently
expressive that few instances arise where the mithast ‘lie to the system’, although the
model is still clearly at best a ‘logical approxitioa’, and the labels, particularly on semantic
links, give only an approximate indication of thase. There are both distinctions that have
no linguistic equivalence and also linguistic setés that are not catered for. The use of
presence/absencand similar constructs to convey negation is coadee, but limits
expressiveness only rarely in the applications wapert. The structure of transitivity avoids
‘up-to-ism’ and allows concepts to be representatsistently regardless of context (‘concept
constancy’). The major issues of pragmatic norratibs occur in the procedure and drug

schemas not covered in this paper [4].

With regards to external criteria for expressivenasd classification, there are two questions:

a) Does the ontology meet the criterig®. Is the ontology sufficiently expressive? Does it

result in correct classification?

b) Is the ontology over-engineered®. could the same result be obtained more simply?

Evidence for a) comes primarily from the surgicadl @rug extensions to the ontology where
the ontology has so far proved adequately expredsiviormulate the concepts in existing
terminologies and classifications. Preliminary pamsons with other classifications have
been undertaken for procedures [23] and furtheluatians are an ongoing part of the
development of the development of the drug ontolpy Informal comparisons with the

Digital Anatomist project [8] (www1.biostr.washimgt.edu/DigitalAnatomist.html) suggest a
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high level of concurrence in the principles of thepective anatomic models. However much

wider discussion is required which is best achidwedomparison with other classifications.

As to the question of whether GALEN'’s ontology iseoengineered, this can only be
answered by demonstrating that similar resultsbEnbtained more simply, which similarly
requires comparison with other ontologies.

One of the major purposes of this paper and of ngakihe ontology open source through

OperGALEN is to facilitate such comparisons and develept. The full ontology along

with associated material is availablenatw.opengalen.org
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Figure 1: Top Level GALEN Category Ontology
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Figure2: Secondary High L evel Taxonomy
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