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A European predandard and an intermediate represantation
fadilitated exchange of two independenty athored compositional
knowledge bases one formel and autoretically dassfied, the
other menually dassfied. The exchange highlights different
drengths and weaknesss in each approach, and dffers a
mechanismfor partial, mutual quality assurance

INTRODUCTION

May new terminologies currently in devdopment (eg.
DICOM SNOMED Microglossary, SNOMED RT*, LOINC,
ICNP 3, Read Thesaurus®), have adopted some form of
compaositiond technique in preference to the enumerdtive
gpproach embodied by traditiond schemessuch asICD or the
Read Codes verson 1 or 2. The dinicd expressvity of
enumerative schemes is limited by whether gppropriete,
pecific terms dready exis in the scheme. Compodtiond
schemes offer greatly increased expressvity by dlowing
complex desriptions to be fashioned from gructured
oollections of more basic terms.

Standardisation work in Europe reflects this move to
compaostiond techniques. The European Committee for
Standardisation (CEN) hes produced severd sandards and
pre-gandards following ENV 12264, itsdf a pre-stlandard for
representing terminologies @ a semantic network®.  Of
paticular rdlevance to the work described in this paper is
CEN ENV 1828, a pre-gandard proposng a compositiond
structurefor dassifications of surgical procedures’.

The increasad expressve power of a compogtiona gpproach
comes a a price the task of maintaning integrity and
coherence in an informa scheme quickly becomes too
complex to rdy on human procesing power done
Converdy, fully formd representations of a scheme are
difficult for authorsto mester.

Within Europe, two large organisations have independently
been deveoping separate compositiond schemes for surgica
procedures. the GALEN Organisgtion, and the NHS Centre
for Coding and Classfication (NHS CCC). Both centres have
basad their schemes roughly on ENV 1828, but otherwise
have used different gpproaches

In the GALEN gpproach®’®, the semantics of individua
aurgica procedure rubrics are fird ‘dissected into an
intermediate representation. This ams to protect the authors
from the complexity of the find scheme. Dissections are then
transformed automatically into a Description Logic, GRAIL®.
The find dassfication of rubrics is derived automaticaly by
the GRAIL dasdfication engine Correct dassfication

depends primarily on the quality of the semantic dissection of
esch rubric and, more Sgnificantly, the qudity and richness of
the reference modd of medicine and anatomy to which those
dissections are then mapped and within which they become
integrated.

The GALEN Organisation is the commercid outgrowth of
the GALEN programme This European Union funded
research has developed compogtiond terminologies and the
tools and methodol ogiesto maintain and ddliver them. Results
from ealier projects - the GRAIL formdism, GALEN
Common Reference Modd (CRM), High Leve Ontology and
Terminology Servers - are providing support for this task. '
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In the NHS CCC approach, the dassfication of rubrics is
manualy determined. The semantic meaning of the rubricsis
described laer in a st of qudifie-vdue pars Such
‘aomisgtion’ of the meaning is largdy independent of the
classfication process, dthough a series of post hoc procedures
ae usd to identify some incondgencies between the
atomisation and the classification.

The NHS CCC, funded by the United Kingdom Department
of Hedth, is respondble for the maintenance and further
development of the Read Codes. Additiond functions indude
management of the UK Surgical Procedure Classfication
(OPCH) and acting as the UK co-ordinaing centre for
ICD10 implementation. From 1992-95, the NHS CCC
managed a saries of multi-professond Tems Projects™
desgned to capture naturd dinical language to be
incorporated into the new Read Thesaurus.

In the Thesaurus’, concepts are labdled with terms and
meaningless coded identifiers and accommodated in a
directed acydic grgph based on sub-type rddionships A
template teble uses object-attribute-vaue triples to assign
semantic definitions and to provide partidly compogtiona
functiondlity by specifying optiond qudifiers

This paper reports on an experiment undertaken jointly with
the NHS CCC and GALEN. It aimed to determine:



Hgure 1 : Trandformation of READ templatesinto dissectionsin the GALEN intermediate representation

Extract of ‘atomic qudlifier deta

transformation of same data

71000|Transethmoidal hypophysectomy|X9002|Approach|X812M|Transethmoidal|9|A|F
: CCCi : 71000|Transethmoidal hypophysectomy|X900S|Method|X793K|Excision - action|9|A|F
filefrom NHS In templeteflle 71000|Transethmoidal hypophysectomy|X9019|Site|Xa06A|Pituitary structure|9|A|F

GALEN ‘dissection’ resulting from | RUBRIC ‘Transethmoidal hypophysectomy’
SOURCE ‘READ’ CODE ‘71000’

READ_MAIN excision action
HAS_APPROACH transethmoidal
SITE pituitary structure

- Whether the GALEN intermediate representation, desgned
initidly for primary authoring, could be used as an exchange
format between GALEN and Resd.

- Whether such exchange would enable the content or
classfication of both sysemsto be compared and, thus, detect
incondstencies or errorsof fact in ether resource.

METHODOLOGY

Read TemplateFiles

At the condusion of the Clinicd Terms Projects, ligs of
aurgical procedures from fifteen speddty pands were
integrated into a Sngle, anatomicaly based branch of the
hierarchy. Non-clinica concepts from earlier versons of the
Read Codes were ds0 incorporated, but with an optional
rather than current datus The surgicd procedures were
manudly dassfied usng thefallowing principles

- Multiple dassfication was atempted for dl current
concepts, by assigning dl appropriate current subordinates

- Optional concepts were assigned to asingle parent only (to
reflect the andyticd functiondity of earlier Reed Code
varsons) and no atempt was made to assign full sts of
ubordinatesto optional concepts.

An anatomicd dte was initialy assgned to each procedure
using the template table'®. Subsequently, additional intrinsic
characterigtics were asigned based broadly on the ENV 1828
modd®’. In this devdopment work, it was considered
important to progress one prototype sub-domain to completion
a an ealy dage A higarchy of dl operaions on the
endocrine sysem was sdected asit was of interest to anumber
of different specidties; induded a representative range of
aurgicd deads and other intrindc characterigtics, involved a
number of different body regions (intracranid, intra-
abdomind etc) and yet was of manegesblesze

Data for endocrine procedures were exported from the main
Read Code database, induding:

- An extract from the hierarchy table (holding parent/child
ubtype rdationships) for al endocrine surgica procedures
- An extract from the template table containing semantic

definitions (atomic dissections) for endocrine procedures

Trandormation to GALEN Disstions

The GALEN methodology® initialy paraphrases expressions
manudly to remove obvious ambiguity - eg. ‘amputation of
hand and foot' usudly meaning ‘amputation of the hand OR
foot' - then captures the semantics of the pargphrases as
compodtiond  ‘dissections  udng  an  intermediae
representation. This format can later be trandformed to the
underlying formalism, GRAIL®.

For this experiment, the atomic qudifier data provided by
NHS CCC was automdticdly trandformed directly into the
dyle of GALEN dissections (Figure 1). The transforming
dgorithm exploited the fact that both Reed and GALEN hed
independently complied with the CEN ENV 1828 pre-
dandard: in Reed, the atomic qudlifier linked to the rubric via
the ‘Method' atribute was rdiably equivdent to the ‘MAIN
deed’ of aGALEN dissction.

The reaulting ‘Read dissections were imported into a pre-
exiging software environment for processing dissections The
individud links (eg. SITE, EXTENT) and descriptors (eg.
excgon action, transsthmoidd) of the Read dissections were
extracted for mapping to their corresponding concepts within
the GALEN Common Reference Modd (CRM). Some de
novo moddling of endocrine anatomy in the CRM was
required to complete thistask.

With the link and descriptor mappings in place, Read
dissections were expanded into GRAIL and presented to a
GRAIL engine This dlowed a new, automatic dassfication
of the origind Read rubrics to be derived, by integrating
CCC's samantic dissections of eech rubric into the exiding
semartic content of the GALEN CRM.

RESULTS

I nter mediater epr esntation asexchangeformat

Theorigind Read template file contained 462 aomic qudifier
triples from which 162 GALEN-dyle dissctions were
extracted and imported into the GALEN toolset. 71 unique
descriptors from 398 occurrences and 7 unique links from 235



occurrences were idertified in these dissections.

Further processng of the dissections - mapping them to and
dassfying them within the CRM - required dl unique
descriptors and  links to be sgparady mapped to
corresponding  concepts in the CRM. Four principd
differencesin representationd style were identified during this
tak, reflecting both abitray choices and necessary
consaquences of the respective underlying formalisms These
differences divide into those thet prevented further processing
of affected dissections, and those that did not:

Represmtationa DifferencesPreventing Processing

Degree of atomisation. The authors in each scheme did not
aways make the same choices regarding whether, or how, to
decompose a given concept into condituent atoms. The
trestments of the modifiersunilateral/bilaterd illustratethis: in
Read, they modify the dructure operated upon, whils in
GALEN they modify the dead itsdlf. Further, the Read authors
do not express unilaerd/bilaterd as sparae atoms they
indeed remain embedded within primitive entities For
example, Read uses the primitive descriptor ‘bilaterd adrend
glands in dissecting ‘Bilaterd adrendlectomy’:

READ_MAIN excision action
SITE bilateral adrenal glands

By contragt, the equivalent GALEN dissection would be:

GALEN_MAIN excision action

HAS LATERALITY biateral

ACTS_ON adrenal gland
Automatic trandormation between such dissections - to
recognise them as samanticaly equivdent - would have
required linguigic and graph manipulation tools to manage
their semantic and dructurd differences. These tools were
outsde the scope of thislimited experiment.

Digunction & Conjunction. Deveopes of the Read
Thesaurus are condrained by the reguirement to presarve
forward compatibility from earlier versons of the scheme. For
this reason, rubrics such as ‘thyroid gland and parathyroid
gland operdions are preserved in the hierarchy, dthough
with an optional gatus In common with other enumerdive
scheme rubrics, the word ‘and’ is mideading here: the rubric
isadigunctive term, meaning operations on ether the thyroid
or the parathyroid gland, rather than operaions on both
Sructures concurrently.

The Read developers express such rubrics by creging a
digunctive descriptor term  within - the  thesaurus
correponding to the notion of adigunctive Sructures

READ_MAIN clinical action
SITE thyroid and parathyroid structures
In GALEN, by contrast, conjunctive and digunctive operators
must be made explicit:

GALEN_MAIN clinical action
ACTS_ON thyroid structure / parathyroid structure
Such dissctions, therefore, aso could not be autometicaly
transformed between schemeswithout new tools

Represmtational Differencesnat Preventing Processng
Negting. Read dissections typicdly have a flatter sructure
than those produced by GALEN-native authors

READ_MAIN excision action
SITE thyroid structure
SURGICAL_PATHOLOGY disorder of thyroid gland

GALEN_MAIN excising
ACTS_ON lesion
HAS_LOCATION thyroid gland
This occurs because recursive nesting of atomic qudifiers is
not supported by the Reed file format. This difference did not
affect dasdfication of the processed dissections within this
experiment.

Reflexivity. In the Read Thesaurus, part-whole rdaions are
reflexive. For example, in the Read thesaurus, the term
‘thyroid structuré subsumes both the organ as awhole aswell
asdl of its recognised anatomical subparts'®. GRAIL, on the
other hand, is irreflexive and so the GALEN CRM does not
provide aprecisdly equivaent termin such cases.

This difference in the formalisms was worked around within
this experiment by mapping Read's ‘thyroid dructuré to
[ThyroidGland] in the CRM. The GRAIL trandtivity
mechanism ensured that ‘thyroid procedure Hill subsumed
‘ procedure on part of thyroid', even though the descendants of
the two dementary thyroid concepts in ther respective
anatomica hierarchiesare not the same.

Comparison of Classfication

149 of the origind 162 Read dissections were successfully
converted to GRAIL and dassfied. Thirteen dissections were
not processad: three used descriptors whose meaning reguired
clarification with an expert; ten could not be processad further
without manua editing to trandform a representationd
difference - four employed desriptors with embedded
bilaterd/unilaterd and Sx contained digunctive descriptors.
Manud editing of these ten was not performed to dlow an
assessment of the auitability of the intermediiate representation
& a tagat for direct, automatic exchange. The machine-



derived dassfication of the 149 processed dissections was
compared with the manud dassfication of the same 149
rubrics as provided by the NHS CCC.

Agreed (Common) Classfications. The two dassfications
were agreed on 95 parent-to-child-rubric rdationships.

Missd Classfications Eight relaionships were present in
the Read hierarchy but were not confirmed by the GRAIL
dasdfier. 52 rdationships found by the GALEN dassfier
were not presant in the manudly asserted Read hierarchy.
Five main causes of missad dassficationswereidentified:

Read dissection errors: Correct classfication can not occur if
the semantic information in the Reed dissections is incorrect.
Two ‘Read only’ rdationships were missed in the derived
hierarchy because, in both cases, a property asribed to a
parent had not been carried through to its child.

Twenty-four ‘GALEN only’ rddionships were inferred
because five Read dissections each contaned a sngle
semantic omisson. The GRAIL concept generated from such
erroneous semantic information is necessarily more generd
than the rubric's true meaning. The concept's derived
classfication is correspondingly higher in the hierarchy:
purioudy with repect to the rubric’s meaning as understood
by humans, but correct with respect to the meaning as it was
presented to the computer. In this higher position, it acquires
children it did not previoudy have - often the terms that were
origindly itssblings

For example, both dissections for partid- and totd subgternd
thyroidectomy omitted to mention their gpproach dement, so
that the generated GRAIL concepts actudly corresponded to
the more general notions of partid- and total thyroidectomy,
regardiess of gpproach. The two terms between them acquired
deven fdse children, induding ‘Hemithyroidectomy’ and
‘Lobectomy of thyroid gland’. The remaining three semantic
omissons were ‘excison of thyroglossd fidula did not
indude fidula as the pathology atom (three fase children);
‘removd of thyroid nodule did not indude the nodule (sx
fdse children); ‘Surgicd biopsy of endocrine sysem NOS
did not indude *“NOS - Operaion’ as a dassfication aom
(four false children).

Incorrect descriptor-to-CRM mappings a sngle ‘Read-only’
relaion and two ‘GALEN only’ reaions were dtributed to
incorrect mappings of two desriptors to the CRM. For
example, the Read descriptor ‘ modification’ had been mapped
to the very generd CRM nation of ‘any form of surgery’,
when a more correct and ecific interpretation would have

been *any form of morphologica change'.

Differences of opinion between anatomical modds Two
‘Read only’ rdlations arose because of differences of opinion
regarding anatomy. One concerned Reed's dlassfication of
the thymus as an endocrine gland; dthough dinicdly
cusomary, some anaiomicd thinking does not support this
and it is not present in the GALEN modd. Eight ‘GALEN
only’ parent-child rdaions a<o reflected anatomica dipute:
9x of these concerned the thyroglossd tract and associated
Sructures and lesons, which GALEN moddled as part of the
thyroid gland whilst Reed did not.

Errors or incondgencies in underlying knoMedge modes
The dasdfier missad two ‘Read only’ rddions because of
errorsin ether the Read or GALEN modd. In one, persgtent
patent thyroglossal duct was not flagged as pathologicd and
(therefore) not known to be a subtype of thyroglossd duct
pathology in the CRM. In the other, moddling in the Read
thesaurus was incondstent regarding the notions ‘excisng’
and ‘removing’; as primitives, exasing was given as amore
ecific form of removing. However, one rubric reading
‘removing of...” had been dasdfied manudly as more
pecific than one reading ‘excisng of...”. Nine ‘GALEN
only’ relaions gopeared judifiable on forma and semantic
grounds. Study of the rubrics themsdves confirmed they
might be genuine omissons from the Read hierarchy. For
example, ‘Endocrine surgical biopsy’ might  reasonably
subsume biopses of the adrend, parathyroid and thyroid
glands.

GALEN transtivity and partonony: the GRAIL trangtivity
mechanisn has the effect tha ‘excison of gland’ will
ubsume ‘excison of pat of gland. One ‘Read only’
classfication was attributed to thiswhilst nine* GALEN only’
paent-child  relaions aose  ‘parathyroidectomy’,
‘thyroidectomy’, ‘ hypophysectomy’ and ‘adrendectomy’ each
erroneoudy subsumed excison of lesons locaed in the
corresponding gland, whilgt ‘thyroid indson’ dso in error
subsumed ‘incison of thyroid leson'.

The GRAIL dassfier dso suggested that Read's endocrine
urgery chapter might expand to include rubrics from other
chapters in the Read scheme. For example, it suggested that
‘Endocrine sysem procedure might subsume dl testicular
and dl ovarian surgery, as the CRM conddered these to be
endocrine organs, and the Read dissections had defined
endocrine surgery as any surgery on any endocrine organ.
Few dinicians, however, would accept this dassfication. This
example illugrates how unexpectedly subtle semantics in



goparently familiar rubrics may be missed in a formd
goproach, if taken out of context. A mechaniam exids to
cgpture such didtinctions, but they must first be detected.

Misdassfications Eight misclassfications arose asareault of
semantic omission in the Read dissections Two ‘inverted
classfications were encountered, in which the parent-child
relaionship between two rubrics in the Read hierarchy was
precisgly inverted in the derived GALEN hierarchy. In one a
‘totd excigon of ..." rubric was not supplied with the atomic
qudifier for edent:total. In the other a rubric reading
‘removd of thyroid nodulé had been given the aomic
qudifier method:excigng.

Sx pars of two different procedure rubrics were identified
where both had an identical Read dissection. These had been
projected to the same concept in the derived hierarchy.

DISCUSSON

This prliminary experiment demondrates thet, at leest in this
cae, a knowledge base authored in the context of one
compastiond modd may be re-expressed within another
dmilar modd. It dso shows how difficulties may derive from
technicd differences in the underlying formaisms such as
conjunction and digunction, or in authoring syle such as
degree of atomisation.

The experiment showed that a common sandard and an
intermediate  representation can  facilitate  interchange.
However, devils reman in the detaled samantics such as
those for ‘bilaterd’ or ‘excison’. Whether dl such semantic
issueswill ever be sandardised remainsin doubt.

The knowledge authoring process in  compodtiond
goproaches is a very expendve undertaking. Our experience
uggests that forma, automatic classfication and manud
cassficaion have different drengths and  wesknesses
Exchanging information between schemes provides a new
and powerful mechanism by which each can sysemdicaly
contribute to quality assurance and verification of the other.

Formd dasdfication detects many missed dasdfications
andyticd erors and omissons of the manud approach.
However, the formd modd on its own without qudification
may suggest dinicaly spurious dassfications (eg. Testicular
Surgery under Endocrine Surgery). Similarly, dassfications
may be missed that remain dinicdly cusomary even though
they may no longer be formdly judifisble (eg. Thymic
urgery under Endocrine Surgery).  The manud classfication
provides an effective and necessary check on theforma modd

both for correctness and for dinical appropriateness'®.

In summary, our experience suggests that trandformation
between independently developed compodtiond systems is
possible but nat trivia, and that the resolution of discrepancies
between the reaulting dassfication dructure can provide a
ussful quaity assurance mechanism for both. The experiment
is being repested with 2500 imported Read dissections
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