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A Ewopean pie-andad and an intenedat repseaion
fxilitated exchange of tm independent ated
canupoioal kowledge bases: onefomul and autwaticaly
classif the oiler nmanuy clfied 7he exchange
highlights diffeentstengths andiabess in each a pmch,
and offersamech aiinforprti, mualuy assance.

NINRODUCION

Many new nind cn ity dvelqment (eg.
DICOM SNOMED lc=rglsary, SNOMED RT1,
LOINC, ICNI 32, Read Thwur3) ha adopted some
famn C coitinal tcniq pI ece to the
enumerative approach embodied by aditnal s
such as ICD o the Read Codesverski 1 o 2.Theiinicl

s ienumer is imi by whethr
app riate, specific trms already edst in the scheme.
inpsi al schemes gready in ty

by allowng cmple desripts to be fai fian
sructed clectis m basic tems.
Standardisatien werk in Europe reflects this move to
Compositial The ite f
Standardisadtn (CEN) has ded sevral stdards and
pre-tanrds filowing ENV 12264, if a pr-sdam

epresn ng in ies as a ntc n k4. Of
particular relevance to the wrk described in this paper is
CENENV 1828, a p-odard p a cniposinal
srucre f dassificatifss pes5.

The in a e ve powe af a cmpositienal
apprh comnes at a price: the task oimaintain intg rity
and ce in an infrmal quickly becoes too

Apiex to rely on h an proeg pO alne.
Conversely, fully fimal pesetatii f a are
diffiultc aucrs tomaster.

Within Europe, two large isatis haveid dy
been deeloping separate ompoitial s m f
surgical pradues: the GALEN Orgaisatien, and the
NHS Centre fi Coding and Classificatien (NHS CCC.
Both centres have based their rughly en ENV
1828, but odheawise have used di t a es.

In the GALEN apprh678 the semantics of indivual
sugical pr ure cs are it 'dissected' into an
intermediate rpresena is aims toprot the authers

frn the fplexity i the final . Diei are
then tamed autncally into a Descripi iC
GRAIL9. The final dassiati f nics is deived
autanatically by the GRAIL lassfica egine. C
dasan d s primarily en the quality of the
semant dissctie f eah ruic and, mare sinicny,
the quality and richness f the ce mode edfine
and n tny wich those dis ics aren mapped
and within Which theybecne intgated

The GALEN Organisation is the al atgrowth f
the GALEN praramme. This European Unien funded
reseazvh has devledcpositnal temindces and the
tools and memhidntes to tain and deliver th
Results frt earlier ts- the GRAIL itmalism,
GALEN mae Ri Model (CRM), HighL
Ontolgy and Tem3indcy Severs - are proding supprt
fa this sk. 10,11,12,13,14

In the NHS CCC apprh, the dassificaile firubics is
manually de--nied. The snantic meanig of the ruic
is dsribed lar in a set of quali-vahe pairs. Such
'atisien cf the meaning is laryin t f te
dassifici prcess, althegh a series i post hoc
procedures ar used to identify sone sisten
between the atanisatien and theclasificatienl.

The NHS CCC, finded by the United K dan
Departmet oaf is respouible it the main
and furtxhe devopment of the Read Codes. Additiaoal

XMniaDs managmn of the UK Surial
Procedure assicati (OPCS4) and acting as theUK co-
ainating centre it ICD10 implementatin. Fran 1992-
95, the NES CCC managd a series of multi-proiessienal
Terms Proects's designd to capture natural din"ial
langage tobe incapcrated into th newRead Thesaurus.

In the Thbesaur3, concepts are labelled with terms and
meaningless coaed iceitifiers and a modated in a
directed ac:vi graph based n sub-e a ships A
template table uses doject-attrihbte-value triples to assgn
sen antic dlnitas and to prvide partially o iaial
functienajitybysfing optial quaes.

This paper repxrts en an er intly
with theNMS CCC and GALEN. It aimed todetmine:
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Figue 1: Transfamatin ofREAD tmplates intodiias in the GALEN int iate repesentapion
Extt f'atic qWlifier' 71oooITransethmoidW hypophysetomyIX9002IpproachIX812M[TransethmoIda91AIF
file ro NM CCc in 1 ccc 71000Transethmoidal hypophysectomyIX900SIMethodIX793K4Excision - actionI9lAIF71ooITransethmoidal hypophysectomyIX90191SitelXaO6AlPiutray structurel9lAlF
GALEN ' isstjo' ling fran RUBRIC 'Transethmoidal hypophysectomy'

.ransfrmatiocisame SOURCE 'READ' CODE '71000'tanfatimma isme data READMAIN excision action
HAS_APPROACH transethmoidai
SITE pituitary structure

- Whether the GALEN tmediate rerse ,
designed initiallyfr primary au Sig, could be used as an
exchange ifnat between GALEN and Read.
- Whether sh e ang wculd enable the content er
dassia o f both systems to be compared and, thus,
detectis encies er ercrs cffact in eihr resonuce.

METHODOLOGY

Read TnatefIes
At the l o c the Clinical Terms Projects, lists of
suigical procedis fran fifteen specialty panels were
integrated into a singl, an lly based branch of the
hierarhy. Noa-clinical c s f earlier versions of
the Read odse also na but with an
optional rater than curent satus. The cal prce s
wv manullyclassified using thefdi1owingprin cples:

- Multiple cssification was atmpted fi all current
concepts y gng all ap riat current dinates
- Optional pts as d to a s parent only
(to reflect the analytical finlity f earlier Read Code
versions) and no attempt was made to a flll sets of
subrdinates to optional c .

An aatoniical site was initially assgned toeh E re
using the template table . Subsequenty, additional
intrinsic char sics assigned based broadly on the
ENV 1828 model7. In this develpment wr, it was
casidered imlxrtant to s nep esbain
tocpletion at an earlysg. Ahie y all operations
on thee ndocrinesystem was selected as it was ciinterest to
a number ci dfet spiales; included a r a tive
range csurgical deeds and odr intrinsic oharritis;
invdved a number of different body regions (itacrnial.
intra- ninal etc) and yet was cimanageable size.

Data fr endcinepr es w xted fran the
Read Code dataa, inlding:

- An exactra the hie y table (ding pan/ild
sbtp flainships) fir all endine s prochedres.
- An extractfranehe tble otining semantic
definitions (ataIc dissecios) fredinepr es.

Tha&todGnafimtoGAIENDimections
The GALEN method initially pararases

expressins mmanually to remove obvious ambiguity - e.g.
'amputatiCu ofhand andfoot' usuallymeang 'am ation
cf the hand OR foot' - then captu the nt the
parapass as canpositianal 'dicio' usng an
intennediate representation. This famat can latr be
transftrmed totheunculymgfnaLsm, GRAIL9.

Fer this ex inmt, the qualifier data provided by
NHS CCC was utanatically ansrmd direy into the
stye of GALEN dieins (Fige 1). The ransftring
algaithm exploited the fact that both Read and GALEN
had i endentlycled with e CENENV 1828 pre-
standard. in Read, the atonic qualifie linked to the nric
via the 'Method' attrime was reiably equivalent to the
'MAIN deed' aiaGALENdision

The rsulting 'Read dissections' w im d into a pre-
exsing software environment fa prcesng diss ti
The individual links (e.g SUE, EXENI) andds
(e.g. excision action, t m l) the Read disios
wme extracted fr mapig to tir mBSpoding
within the GALEN Cnmo Refce Model (CRM).
Sane de novo mo fllingedzine an nyin the CRM
was required toAplet this task

With the link and dei r mappings in place, Read
dissetins we nded into GRAIL and preseted to a
GRAIL engine. This allowed a new, autamatic
classificati the aiginal Read rubrics to be derived, by
integrating CCC's i dist each ruric into
the exsting semantic otnfitheGALENCRM

RESULTS

The rinal Read tplat file otained 462 atai
qualifer triples fran which 162 GALEN-ste dissio
wele extracted and imp inedito the GALEN todiset. 71
unique descriptcrs 398 cacurrences and 7 umique links
fran 235 o ca es w idntified the disetis

Furer cesng ithedisc s - mappin them to and
classifing te within the CRM - required all u
desaiptas and links to be separately mapped to
carespoding c the CRM Fr i
differences in reprentatioal sty were identified during
this r e both arbitary choices and necessary
conseances of the ive underlying fmalisns.

846



These differences divide into those that dfurter
prcssnof affected discinand those that did. not

dafindfdrece " n

Degree oo Theats in each did not
always make thes chices ding wheher, ar how,
to denpose a given cacept into cs it atxns. DIle
tIra tn s of the modiie la bilaal illurate this:
in Read, they modify the I qerated upon, whilst in
GALEN they modify the dd is Furer, the Read
autrs donotexpss uilatal/ilateral as separate atuns:
they instead m ed within prniie it hr
example, Read uses the pimitive 'bilateral
adrenal glands' in di g 'Bilateral y y':

READ MAIN scsionacion
SHEbkx

Bycontrast, the equivalentGALEN discinwould be-.

GALEN MAIN ecsion
HAS LA1ER4AJTYbWW
ACTS ONafena&nd

Autonatic transfiai bt t s - to
rec~nise them as smantically equivalent - wold have
required lnguistic andgraph manipulation tools to ma e
their semantic and ral These tools wer

atside the sope ofthis mited ment

Disjucto & Conjuncto Develoers (f the Read
Thesaurus ae ined by the t to pres6ve
ferward conipatibility fran earlier versions Cf the sheme.
or this eason, ruhics such as 'thyoid gland and

parath d gland perains' ae presved in the
hierarehy, althogh Withgan optional status. In IIm
with ote echeme rurics, the won! 'and' is
mis e: the rubric is a di te tm, meaning
perations on eixter the thydd ar the parathyoid gld,
radtr than qerations on both strctures rly.

The Read developers express s ruics by aing a
disjunctive descriptla term within the thesarus,
cdrresponding tothe noion fad e:

READ MAIN ciicalaicon
SHEtyd and p vcd Lres

In GALEN, by oatast, onj e and dis e
operatrs must bemade elicit

GALEN MAIN dircl acion
ACTS ONudR /iridre

Suchd cto a , also caild not be autaIcVy
transfonned bsc veen~ies withoat new tools.

Nesig. ead dic s typically have a flat s
than thoseprd by GALEN-native aumth:

READ MAIN scisionion
SflEtyucte
SURGICAL PATHOLOGYcdsocitotymdl ad

GALEN MAIN en
ACTS ON Wm

HAS LOCATINttrdd
his ocrs because nesting f aton is

not d by the Read fie fimat. Thisd did
not afc lai ti f the pcsed dissctios within
this

Refevity. In the ReadThesaus, part-whole rtinns are
reflexive. rF example, in the Read t rus, the tarm
thyaWd Su ' subsumes both the rgan as a whole as
wel as all Cf itsra a 8 GRAIL,
on theoter hand, i i e and so the GALEN CRM
does not provide ap equivalent term in such cases.

This diffieinm in the alisms was wcrked arcund
within this e t by mpping Read's '`thyoid
sxcue' to [Thrcidflandl in the CRVM The GRAIL
trastivit chanism ensured that 'thd eure' still
s med 'procue on part Cf thyrd', even the

dants Cf the twoelemetayt dchyr ps in their
respective hanatoical heardui are not the se.

149 Cf the aiginal 162 Read dsc s w seslly
converted to GRAIL and a iThirteen dissis
w= not prAceed: three used desWtas whose meanig
equired al with an expert; ten could not be
processed firdr withaut manual editng to tr f a
t lpff eIentafi difd"emuie - faur employed descrs with
embedded biaai /ilateral and six ctained disnct
dr Manual ing Cf thee tn was not perfamed
to allow an assessoxat Cf the sutability f the intmediat
rqx-sentati(n as a target fr direct, autai exchange.
The machinederived daificatio Cf the 149 processed
dissetinas was cnpaed with the manual ca tioa cf
these 149 rubrics as provided by theNHS CCC.

Agreed (Cmmon)C The twoclasa In

w agreed on 95 Parent-tduid-u raiosafihip.

Missed Clasifions Eit r in ere in
the Read hierarchy but w not c d by the GRAIL
classifie. 52 rationsips foind by the GALEN casifi
were not psent in the manually as red Read hiery.
Five main causes fmissedclasiflatiaus werentifiedw:

Read diection errors: Corect assifa can not xour
if the sema infiration in the Read disCios is
increct Two 'Read only' atonships wre missed in the
derived hierarchybecause, in both cases, apreasbed
to a parent had not been carried thraugh to its child.
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Twenty-fair 'GALEN only' arion s infe
because five Read diion each otained a single
s antce The GRAIL ccept rated frn
such erroneas seantic inmaion is ssarilyme
general than the rubric's true mean The concept's
dived a ic is igy high in e
hierarchy. spuriosly with respect to the nutric's as
understxxl by humans. but rect with repect to the
meaning as it waspe to the co-puter. In this high
position, it acquires cil it did not previously have -
(ten the tens that were nally its siblings.

Fr exampe, ns r a - and total
subsernlM thyridecamy omitted mei th approach
element so dtat the gerated GRAIL ccepts actually
ccresponded to the mae general nodaos cf parfal- and
total thyrodectoany, grdss C a . The two terms
between them qui eleven false ildr iling
mithyrcidectomy' and 't oy f thyid gland'.
Therai three semantic emissions ew: 'excision of
thyrcglossal fistula' did not include fistula as the patley
atom (three fal cil); 'removal (f thyroid nodule' did
not inude the nodule (six fa ld); 'Sugc bicpsy
Cf enocine SPm NOS' did not include 'NOS -
Operation' as a claifia atcm (fai flse cid).

Incorrect descriptor-to-CRM mappings: a sing 'Read-
cnly' relatio and two 'GALEN cnly' reatis wue
atrilxted to i mappings Ctwo d s to the
CRM Fc example, the Readd t 'modificon' had
been mapped to the very general CRM notion of 'any firm
of sugery', when a morecerrect and specific ineptat
wold have been 'anyifrm cfmaFphdeical change'.

Differences of opinion betwen anamical models: Two
'Read (nly' s aros beae cfdi fqpinio
regarding anatoniy. One c ned Read's afican Cf
the thymus as an endore gland; altigh cliniclly
customary, sone anateical inking does not supprt this
and it is not psent in the GALEN model. Eight 'GALEN
only' parent-chld rl ais also eected an ical
dispute: six Cf these concerned h tlsal tat and
associaesrtes and lesions, GALEN modlled
as part Cf the thyroid glandwht Read did not.

Errors or inconsistencies in underlying knwledge nodels:
The clasifier misse two 'Read only' reations because Cf
errcs in elther the Read er GALEN model. In one,
persisnt patent thyrcglossal duct was not flagged as
patolgical and (trfa e) not known to be a subtye Cf
thyroglossal duct patlegy in the CRMN In the other,
moelling in the Readthes wasin t gding
the notins 'exsng' and 'rumving'; as prmiies,
excising was given as a mor secf form Cf rem g

However, one nir reading 'removing cf...' had been
classified manually as moe specific than one reading
'excising cf...'. Nine 'GALEN only' rats appeared
justifiable on irmal and semantc grands. Study cf the
nrics es imed they might be gune
emissions from the Read hieraFfiy. Rr example,
'Endorn surial Iispsy' might resnal subue
biopsies cfthe adrenal, parathyroid and thyroid glands.

GALEN transitivity andpartonory: the GRAIL transitivity
mechanism has the elfc that 'excsion f gland' will
subu 'excisio cf part of gland'. One 'Read only'
cl fiaon was atited to this whilst nine 'GALEN
only' part-child rations arose: 'parathyrcidecmy',
'thyroidoctomy', 'hyphysectomy' and 'adralectony'
eah erronuslys ed exaCsion flesions located in the
ccrresponding gland, whilst 'thyroid incision' also in ernr
submed 'incisio fthyid lesion'.

The GRAIL clas also sug ted hat Read's edo e
sury chapter might epand to indcude rubrics fim othr
chapters in the Read sheme. Fr example, it s ted hat
'Endocne syste e' might s ue all lar
and all ovarian sugery, as the CRM cosidered these to be
endocrine aegans, and the Read dii had defined
endocrine surgey as any sugy on any d orine n.
ew cinicias, however, waild accpt this cla atin

This aple illusa how unepcedly sbde anis
in apparendy fimiliar ruics may be missed in a fnal
approach, if talkn ait cf cotext. A mechanm eists to
capture suc disintios but theymust first be de d

Miscassficatos. Eight msclassifclatins arose as a result
of semantic in the Read dissions: Two
'inverted' classifications w aer ed, in which the
parent-cild relationship between two nirics in the Read
hierarhy was precisely inverted in the derived GALEN
hierarchy. In one a 'total excision ...' ruric was not
supplied with the atnic quaifier fcr extent:otal. In the
other a nitric reading 'removal of thyrcid nodule' had been
given the atomic qualifiermetd:excising.

Six pairs cf two differt procedure nitrics were idenfied
where both had an ide Read diin. These had
beenp ed totes concept in thederd hieray.

DISCUSSION

This iminary exeiment demosrates that, at leas in
this case, a knowledge base in the context cfoe
compositional model may be re-xpssed witiin anodter
similar model. It also shows how diiculties may derive
from tenical diffenc in the underlying firmalisms
such as conjunction and dini o, r in authAing ste
such as deee cf ision.
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The ialowed thfat a cmmon standad and an
irmeiate representato can fixilitate inmeriange.
However, devils rma in the del smanic sl as
thosefor 'bilateral' r 'excision. Whee all sh s nc
issues will ever be ised remains in doubt.

The knowled ant g pcess inal
appr~x~hes is averyex esiv u. Ourexpe
sggests that formal, atatic and manual
classification have dint gths and weaknesses.
Exchanging inirmation betvi= shemes promides a new
and powerfu mechanism bywhich canysmaicl
cotribte to qualityasane and fatonfthe ote.

Pkma assification detects many mied a s,
analytical errrs and ins f the manual approch.
Ebwev, the fomal model on its wmn without qual a
may sggest clinilly spuris cla (e.g.
Tecular Su y Rine Su y). Similarly,
clasificns may be missed t an inically
custnary even, thngh twy may no laner be fmally

stifiable (eg. Thymic gy ud End Sury).
The manual classificatinn provkleS an and
necessary chekon the formal moddl bth fraunectns
andir cini aprr s19

In sumay, air exeinesugss tha trast to
between independendy develeped cnpositinal systens is
possible but not tivial, and that the al af

betw the sulting assification Suzxchree
can provide a usefu quality rance mechanism fr both.
The e is being aed wih 2500 imped Read
disscions.

AdmmeWts
Withb to WIin eGALEN-IN-USEcesxanmt

GALE[I-N-U5Eisfudedaspartofflvrecdk1fdteEC
HeadxeTe knaafireseazhxtA am.
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