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Abstract

Objectives: To automatically extend
downwards an existing biomedical termi-
nology using a corpus and both lexical
and terminological knowledgéJ ethods:
Adjectival modifiers are removed from
terms extracted from the corpus (three
million noun phrases extracted from
MEDLINE), and demodified terms are
searched for in the terminology (UMLS
Metathesaurus, restricted to disorders and
procedures). A phrase from MEDLINE
becomes a candidate term in the Metathe-
saurus if the following two requirements
are met: 1) a demodified term created
from this phrase is found in the terminol-
ogy and 2) the modifiers removed to cre-
ate the demodified term also modify
existing terms from the terminology, for a
given semantic category. A manual re-
view of a sample of candidate terms was
performed.Results: Out of the 3 million
simple phrases randomly extracted from
MEDLINE, 125,000 new terms were
identified for inclusion in the UMLS.
83% of the 1000 terms reviewed manually
were associated with a relevant UMLS
concept. Discussion: The limitations of
this approach are discussed, as well as ad-
aptation and generalization issues.
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1 Introduction

Although providing a reasonable coverage of the
clinical subdomain, Chute et al. (1996) showed
that terminological resources such as the Interna-
tional Classificaton of Diseases, SNOMED Inter-
national or the UMLS Metathesaurus do not
capture all the concepts needed for representing
clinical concepts in patient records. In a subsequent
study, Chute and Elkin (1997) suggested that quali-
fiers (including adjectival modifiers) be available
as a separate axis, in order to both increase the ex-
pressivity of a terminology and reduce its com-
plexity by limiting the number of pre-coordinated
terms.

In this study, rather than reducing the complex-
ity, we use modification phenomena in order to
investigate a corpus-based methodology for auto-
matically discovering new terms for inclusion in a
controlled vocabulary. In other words, our objec-
tive is to acquire hyponyms for terms in an original
vocabulary that appear in the literature but are not
present in the original vocabulary.

2 Background

Terms play a major role in a variety of natural lan-
guage processing (NLP) applications, including
machine translation, text understanding, automatic
indexing, and information retrieval. Taking advan-
tage of the availability of large corpora, automatic
terminology acquisition methods were developed,
for example, by Bourigault and Jacquemin (1999).
Word affinities generally play a central role in
these methods. Grefenstette (1994) defines three
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orders of word affinities. “First order affinities de- In order to address the large size of the
scribe collocates of words, second-order affinitieSletathesaurus, we limited our study to a signifi-
show similarly used words, and third-order affinicant subdomain of clinical medicine: disorders and
ties create semantic groupings among similgrocedures (currently about 615,000 unique terms,
words”. In term extraction, this analysis is oftercorresponding to some 157,000 disorder concepts
applied to maodifiers in order to establish groups aind 95,000 medical procedure concepts).
terms modified by a given modifier or the list of all In the UMLS, each concept is categorized by
possible modifiers for a given term. semantic types (ST) from the semantic network.
Hersh et al. (1996) demonstrated the feasibilitylcCray et al. (2001) designed groupings of STs
of applying natural language processing techniquéisat provide a partition the Metathesaurus and,
to a corpus of clinical narratives from an electronitherefore, can be used to extract consistent sets of
medical record (EMR) system. Although the termsoncepts corresponding to a subdomain, such as
extracted were compared to existing terms in tradisorders or procedures.
UMLS, the goal of this study was vocabulary dis- Disorder and procedure terms were restricted to
covery, but not the automatic integration of newlyerms suitable for natural language processing, ex-
discovered terms into the terminology. cluding, for example, such terms alsdominal in-
The automatic extension of an existing resourgary, NOS The notation “NOS”, meaning “not
based on a corpus has also been studied. For etherwise specified”, is a marker for underspecifi-
ample, Habert et al. (1998) propose a method foation often found in terminological resources.
extending an existing specialized semantic lexicoWhen identified in the Metathesaurus, obsolete and
Although related to these studies, our objectiveuncated terms were also excluded. 477,491
is to automatically extend downwards an existingnique terms were selected for further processing.
biomedical terminology using a corpus and a com-
bination of lexical, syntactic, and terminological3 Methods
knowledge.
The approach we propose for discovering candi-
In this study, the textual source, or corpus, idates for Metathesaurus concepts is to compare
MEDLINE®?, the U.S. National Library of Medi- Phrases extracted from MEDLINE to current
cine’s (NLM) premier bibliographic databaseUMLS phrases. We capitalize on differences in
MEDLINE contains over eleven million referencegnodification structure between the MEDLINE
to articles from more than 4,600 worldwide jourPhrase and the UMLS phrase to determine candi-
nals in life sciences with a concentration on bigJates for inclusion in the Metathesaurus. The cru-
medicine. cial difference is between a phrase containing
We use the Unified Medical Language Systemadjectival modification and a similar phrase “de-
(UMLS®) Metathesaur(®® as the terminology to modified” by removing its adjectives. .
be extended. The Metathesaurus, also developed” Phrase from MEDLINE becomes a candidate
by NLM, is organized by concept or meaning. Aerm in the Metathesaurus if the following two re-
concept is defined as a cluster of terms represefitlirements are met: 1) a demodified term created
ing the same meaning (synonyms, lexical variant§0m this phrase is found in the terminology and 2)
acronyms, translations). For example, names fgimilarly modified terms exist in the terminology,
the disease multiple sclerosis includeltiple scle- for @ given semantic category. For example, the
rosis MS, ‘multiple sclerosis, NOStlisseminated Phrasepancreatic bronchogenic cyst a candidate
sclerosis andsclérose en plaque3he 13 edition term for a disorder in the Metathesaurus because
(2002) of the UMLS Metathesaurus contains ovdtronchogenic cystexists in the Metathesaurus
1.5 million unique English terms drawn from mordconcept: C0006281) and other Metathesaurus dis-
than sixty families of medical vocabularies, an@rder terms are modified by the same adjective
organized in some 775,000 concepts. pancreatic(e.g.,pancreatic hemorrhage

3.1 Processing phrasesfrom MEDLINE

Recently, Srinivasan et al. (2002) performed a

! .nim.nih.gov/pubs/factsheets/medline.html . X .
LT - govipubsfiactsheetsimediing. itm shallow syntactic analysis on the entire MEDLINE
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collection, using only titles and abstracts in Engn order to select those consisting of one or more
lish. Although their goal was to find Metathesaurumodifiers followed by a head noun.
concepts in MEDLINE citations, an interesting Demodified terms were created by removing
side-effect of their analysis was the production afvery possible combinations of modifiers in the
some 175 million noun phrase types that are avaiterms. The same process was applied to disorder
able for further research. and procedure terms in the Metathesaurus in order
From these phrases, we selected the subsett@obtain a list of allowable adjectival modifiers for
“simple” phrases, i.e., noun phrases excludinthese two categories. Such modifiers in the
prepositional modification or any other compleXMetathesaurus serve as a filter for MEDLINE
feature. Examples of simple MEDLINE nounphrases, since finding a similarly modified term in
phrases includabdominal aneurysmal aortitend the UMLS is one of the two requirements for can-
radical aggressive tumor resectio®ut of some didate terms. Demodified terms created fracai-
forty million simple noun phrases, we randomhdental arterial perforations include arterial
selected a subset of three million phrases to perforations accidental perforationsandperfora-
used as our corpus, representative of the notions
phrases found in MEDLINE. Demodified terms derived from MEDLINE
The phrases in our sample were then submittg@tirases whose modifiers are all allowable are then
to an underspecified syntactic analysis describedapped to the Metathesaurus. In this example,
by Rindflesch et al. (2000) that draws on a stochasethaccidentalandarterial are adjectives found in
tic tagger (see Cutting et al. (1992) for details) abe Metathesaurus in disorder or procedure terms.
well as the SPECIALIST Lexicon, a large syntactid he second requirement for candidate terms is that
lexicon of both general and medical English that iat least one associated demodified term be mapped
distributed with the UMLS. Although not perfect,to a concept in the Metathesaurus. Two terms from
this combination of resources effectively addressesir example map to Metathesaurus concepts-
the phenomenon of part-of-speech ambiguity iral perforations and perforations The termacci-
English. dental perforationsdoes not map to any concept
The resulting syntactic structure identifies thand is therefore eliminated from further process-
head and modifiers for the noun phrase analyzddg. The last step ensures that, in case of multiple
Each modifier is also labeled as being adjectivallemodified terms, the finest-grained is selected.
adverbial, or nominal. Although all types of modi-Arterial perforationsis selected oveperforations
fication in the simple English noun phrase weréor this reason.
labeled, only adjectives and nouns were selected Figure 1 illustrates the sequence of methods
for further analysis in this study. For example, thased in the study and the interactions between
termcatastrophic cervical spinal cord injuriesas processing MEDLINE phrases and Metathesaurus

analyzed as: terms. It also presents the number of MEDLINE
[[mod([catastrophic,adj]), phrases and Metathesaurus terms present before
nmod([cervical,adj]), and after each of the six steps detailed below.
nod([ spi nal , adj]),
nod( [ cord, noun]), Stepl. Mapping phrasestothe UMLS

head([injuries, noun])]] . .
A similar analysis was performed on UMLSIN order to identify MEDLINE phrases that already
terms for disorders and procedures. exist in the Metathesaurus, all MEDLINE phrases

in our sample were mapped to the UMLS by first

3.2 Comparing MEDLINE phrasesto UMLS attempting an exact match between input term and
phrases Metathesaurus concept. If an exact match failed,
normalization was then attempted. This process

. : o . Makes the input and target terms potentially com-
Starting with a random subset of three million SIM5atible by eliminating such inessential differences

ple noun phrases from MEDLINE, we EXCIUdeis inflection, case and hyphen variation, as well as

those_that were already present in the UMLS tWord order variation. Duplicate names were re-
mapping them to the Met_athesaur_us. We then P¢foved from each set prior to mapping to the
formed a shallow syntactic analysis of the phraS(%fMLS

The method we use can be summarized as follo



Step 2. Identifying (adj +, noun*, head) phrases modified by this modifier, i.e., that a similarly

Since this method is based on adjectival modific£rJOCIIerol term exists in the Metathesaurus.

tion, the syntactic analysis was used to restrict tk\l/% | Pr:]%%ﬁ'f?::g dg/lrl?c[)?[LellllTlEe?ohr:astisthvghl?ssteofagflif/:[/l-_
original sets of MEDLINE phrases and Metathe- e 9 :
|gle modifiers are excluded from further analysis,

r rm hr n rms having th f§ . .
saurus terms to phrases and terms having the ecause, by definition, there will be no similarly

lowing structure(adj +, noun*, head). .. modified term in the Metathesaurus.
The phrase is required to start with an adjectival

modifier, possibly followed by other adjectives andstep 5. Searching for demodified terms in the
end with a head noun, possibly preceded by othgfetathesaurus
nouns. This specification excludes both simple .
terms (e.g., one isolated noun) and complex term&1€ second requirement for a MEDLINE phrase to
not suitable for our analysis. become a cand_ldate term is that a Qemodlfled term
created from this phrase be found in the terminol-
Step 3. Creating demodified terms ogy. Using only MEDLINE phrases whose adjec-
tival modifiers all belong to the list of allowable
rTFnodifiers, the demodified terms created from these
hrases are mapped to the UMLS using the proce-
ure previously described. MEDLINE phrases with
no demodified term mapped to a UMLS concept
dre definitely excluded. Demodified terms map-

;ﬁgﬁgio;ze ezeg]ggrllCswr?(];nsg(rjnzct'i[\%?sotrzne?yth ng to concepts in categories other than disorders
» €SP y J ? procedures are also eliminated.

the leftmost are removed. Since most of them are As explained earlier, the compatibility of the

semantlca_llly valid, we found it convenl_ent to kee.'?nodifiers of the candidate terms is checked against
all demodified terms for further analysis. Demodl—he list of allowable modifiers for the category of

fied terms with incorrect semantics will be filteredy -\ b ocoiiris concept(s) to which a demodi-
10 an existing concent Fed term mapped. In some cases, a cadidate term
9 pL. is eliminated because the modified term maps to a

bei-rl;hethneurr?l?r?lrbg: gfergggglt?\?altenr]ggif:iri 1F’O"rnexglisorder concept, while its modifiers are compati-
9 _adject! IR ble with procedures (or the other way around).

ample, the ternchronic sciatic constriction injury

starts with the two adjectival modifiechronicand  step 6. Hooking candidate terms to the termi-

sciatic so that the following three demodifiedng|ogy

terms are generatedciatic constriction injury . _ .
The remaining step consists of finding the appro-

chronic constriction injuryandconstriction injury \ _ _ |
Although there is no need to demodify UMLSPriate hook in the terminology for the candidate
term. Based on the fact that modification is nor-

terms in this study, the removal of adjectival modi* : _ : _
fiers was used to establish a list of adjectives o1/l associated with a hyponymic relation, tenta-

curring in disorder and procedure terms. ThedlY€ parents for the candidate term will be those
adjectives constitute the list of allowable modifierdat map to the demodified terms generated from

for the two categories of terms studied. this term. B
When only one demodified term maps to a

Step 4. Searching for similarly modified terms  Metathesaurus concept, this concept is selected as
in the Metathesaur us the tentative parent for the candidate term. When

several demodified terms map to Metathesaurus

In this study, one requirement for candidate temksoncepts the preference is given to the concept

IS th‘.”‘t a similarly T“Od'f'ed term be present in th‘?hat is likely to be closest to the term. As a surro-
terminology. The list of allowable modifiers com- . e
ate for closeness, we use the following heuristics:

puted fro_m Meta_thesaurus terms at the p_revio the fewer modifiers removed, the closer the
step provides a simple way to implement this “Merms, and 2) the candidate term and the demodi-

straint. For a given category, an allowable modifi : - .
- . ied term are closer if the modifier removed is the
indicates that some terms from this category are

O, a set of demodified terms {TT,,...,T,} is cre-
ated by removing from term O any combinationg
of adjectival modifiers found in it. While the struc-
ture of the demodified terms remains syntacticall



leftmost modifier. In the rare cases where severtile cases. The list of the most frequent modifiers in
demodified terms are deemed equally close to tleisting terms and candidate terms for disorders
candidate term, they are all selected as tentatigad procedures is given in Table 1.

parents. In 78% of the cases, only one demodified term
was generated from the original phrase. Two de-
4 Evaluation modified terms were generated in 17% of the

_ cases. In 61% of the cases, only the leftmost adjec-
A subset of 1000 candidate terms was randomf),e was removed. The first two adjectives in the
selected to evaluate this method. The existence ofgrase were removed in 29% of the cases.
hyponymic relationship between the candidate oyt of the 1000 candidate terms reviewed as
term and the Metathesaurus concept(s) selectedigonyms of some Metathesaurus concept, 834

valid mappings for the demodified terms creategjere considered relevant, 28 more or less relevant,
from the candidate term was evaluated by a manygig 138 not relevant.

review performed by the authors. A secondary ob-

jective of this evaluation was to gain insights aboy§ Discussion

how these methods could be tuned in order to pre-

vent inaccurate mappings and select the most udgiis study confirms the observations made in two

ful candidate terms. previous studies taking advantage of adjectival
The following classification was used to demodification phenomena in various tasks related to

scribe the quality of the hyponymic relationshigerminologies, in particular to suggest hyponymic

between the candidate term and the Metathesauretations among medical terms [Bodenreider et al.

concept(s) selected: “relevant” means that th@001)] and to assess the consistency of a biomedi-

hooking of the candidate term to the terminologgal terminology [Bodenreider et al. (2002)].

was relevant, even if a more specific concept was Although a larger-scale evaluation would be re-

available; “non relevant” means that none of thquired to fully assess the results, the major finding

Metathesaurus concepts selected was a correctthat the method is effective at automatically

hook for the candidate term; “more or less relddentifying many new terms for inclusion into an

vant” means that the Metathesaurus concepts sxtended terminological resource. However, the

lected were not irrelevant as hooks, but werevaluation revealed some limitations which are

distant ancestors, i. e., too general for the relatioanalyzed below. Adaptation and generalization

ship to be fully informative. Finally, for polyse-issues will be addressed as well.

mous candidate terms, it was not possible to =

evaluate the quality of the relationship with cerl-imitations

tainty. The errors discovered during the manual review
illustrate some of the limitations of this method.
5 Results More exactly, these limitations are common to

. . many NLP applications. Although acronyms were
Out of the 3 million randomly selected S|mples metimes associated with their correct meaning in
MEDLIN.E phrases, 12.5’464 phrases were select Metathesaurus, in the set of terms reviewed
as candidate terms with (at least) one IVIe'["’lthesarﬂémuaIIy, the presence of acronyms was responsi-
rus concept to hook them to. Details about t e for 22% of the non-relevant associations. For
number of phrases selected at each step of t

processing are given in Figure 1 ample, the MEDLINE termindividual black

S . ats, whose two adjectival modifiers are allowable
The total number of adjectival modifiers founo{j )

in a MEDLINE phrase ranged from 1 to 7. Phras isease modifiers, is wrongly identified as a hypo-

, m of recurrent acute tonsillitisoecause the ac-
with one (42% of the phrases) or two (46% of th - - -
phrases) modifiers predominated. The candid ?onym RATis associated (as a synonym) with the

a&?seasegecurrent_a:ute _bnsillitis in the Metathe-

M aurus. In some cases, failure to identify the correct

o : o to _

me d(i)fingrm?rL gg(r;sef Itrr]1 66% of tpﬁ Crisedshgi arnd tr rt of speech also resulted in inaccurate associa-
0 de_s lud d° t?] Ieﬂcasets. de')f' of 35(;) ions (e.g.,controlling stressto stresswherecon-

moved include € leftmost modihier in °0 rolling was actually not an adjective). Not all



truncated terms present in the Metathesaurus syno-Moreover, additional refinement could be
nyms of some concepts are identified as suchrought to this method. For example, when de-
When not identified, truncated terms are used fonodified terms are created, the removal of adjec-
the mapping, sometimes resulting in inaccuratitves could be restricted to the leftmost, thus
associations. For example, the candidate t@im maximally preserving the structure of the remain-
nary proteinis wrongly associated with the con-ing noun phrase, and therefore limiting the risks of
cept protein measurementbecause protein is association with a semantically distant concept.
considered a synonym for the procedpretein Finally, using statistical information about the
measuremerih the Metathesaurus. distribution of adjectival modifiers could provide a
Sometimes, the association is not inaccuratsurrogate for the strength of the association. For
but the concept associated with the candidate teewrample, knowing that many diseases can be acute,
is very general, and the relationship weakly inforif this adjective is found in the corpus as the modi-
mative. For example, once demodifiegplastic fier of a disease concept, this association could be
syndromeis associated witlsyndrome a concept accepted with a confidence proportional to the
close to the top of the hierarchy. Althouglastic relative frequency of this modifier for all diseases,
syndromeis a valid hyponym ofsyndrome it in the case of acute for a disease, a high confi-
would be more accurately categorized as a kind dénce.
hematologic syndrome, which requires domain o
knowledge unavailable here. Generalization

Finally, in some cases, because hyponymy ishe method presented was voluntarily restricted to
the Only relation considered, the association of tAe domain of disorders and procedureS, to adjecti_
candidate term with a Metathesaurus concept, &la| modification, and to the biomedical literature.
though relevant, is not necessarily the closest pos- Generalizing to other domains would pose no
sible. For example, the teroolonic Vaginal fistula prob|ems as |0ng as terms of their termin0|ogy is
is correctly associated with its hypernywraginal amenable to natural language processing tech-
fistula, but fails to be identified as a synonym ohjques and modification phenomena. This would
the concepffistula of vagina to large intestine include domains such as anatomy or physiology.
Practically, in a completely automatic setting, thejowever, domains such as molecular biology, with
use of this algorithm could result in Creating Se\/rnany gene and gene product names, and chemis-
eral concepts for the same meaning. try, with many chemical names would probably
yield fewer candidate terms.

Nominal modification is common in English
This algorithm can be tuned from a strict modeand in principle can be addressed with a methodol-
allowing fewer phrases to automatically becomegy similar to the one discussed here. Nominal
candidate terms, but with greater precision, to modifiers often express a quality more closely re-
relaxed mode, selecting a larger number of candated semantically to the head than do adjectives.
date terms when recall is the priority. The latteDetails in the methodology would be adjusted to
would require some supervision prior to integratingccommodate this characteristic.
the candidate terms into the terminology. Generalization to other corpora such as patient

Almost all the limitations mentioned above camecords and electronic textbooks of medicine
be addressed. Terms containing acronyms could Wweuld likely yield additional terms.
identified and eliminated before mapping to the
Metathesaurus. Part of speech taggers trained on aFinally, although this method relies on features
terminology would more accurately identify theof the UMLS such as the semantic categorization
part of speech of words that can be both adjective$ the concepts, it could also be applied to other
and nouns. Truncated Metathesaurus terms shotédminologies that do not provide this feature, such
be systematically excluded from the index used fa@s the Medical Subject Headings (MeSH). In this
mapping. Methods for identifying synonymy basedase, the concept hierarchy itself could be used as a
on derivational variation or other techniques couldurrogate for the categorization. For example, if
also be investigated. the candidate terrhronic rheumatic feveis asso-

ciated with the MeSH termmheumatic fever its

Tuning



category is disease because the polyhierarchicceﬂtting D. R., Kupiec, J., Pedersen, J. O., ahui§iP
structure in whictrheumatic feveiis involved ul- ™ 1995) A practical part-of-speech taggeProceed-
timately converges to the top of the C hierarchy, ings of the Third Conference on Applied Natural
i.e., the terndiseases Language Processing, 133-140.
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Table 1. Most frequent modifiersidentified in existing terms (UMLYS)
and candidateterms (MEDLINE) for disordersand procedures.

Disorder terms Procedureterms

MEDLINE UMLS MEDLINE UMLS
severe congenital using surgical
chronic acute clinical serum
acute accidental two diagnostic
primary intentional routine dental
human chronic conventional local
recurrent pulmonary surgical therapeutic
pulmonary malignant initial total
multiple cerebral human patient
two renal total percutaneous
malignant benign standard cardiac
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Figure 1. Summary of the methodsfor comparing MEDLINE phrasesto UML Sterms.




