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ABSTRACT

ExtractingvaluableknowledgefromElectronicHealthRecords(EHR)representsachallengingtask
duetothepresenceofbothstructuredandunstructureddata,includingcodifiedfields,imagesand
testresults.Narrativetextinparticularcontainsavarietyofnoteswhicharediverseinlanguageand
detail,aswellasbeingfullofadhocterminology,includingacronymsandjargon,whichisespecially
challenginginnon-EnglishEHR,wherethereisadearthofannotatedcorporaortrainedcasesets.
ThispaperproposesanapproachforNERandconceptattributelabelingforEHRthattakesinto
considerationthecontextualwordsaroundtheentityofinteresttodetermineitssense.Theapproach
proposesacompositionmethodofthreedifferentNERmethods,togetherwiththeanalysisofthe
context(neighboringwords)usinganensembleclassificationmodel.Thiscontributestodisambiguate
NER,aswellas labeling theconceptasconfirmed,negated,speculative,pendingorantecedent.
ResultsshowanimprovementoftherecallandalimitedimpactonprecisionfortheNERprocess.
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INTRodUCTIoN

Electronichealthrecords(EHR)constituteanimportantresourcenotjustfortracingsinglepatient
historiesbut forpopulationstudieswithclinicaloradministrativepurposes.ThenatureofEHR,
however,presentsmultiplechallenges fordoingso. In fact,physiciansoftencomplain thatEHR
systemsareorientedtowardsinformationstorage,butlacktheabilitytoprovideinformationextraction
aswell,mainlyaconsequenceoftheunstructurednatureoftheinformation(Menasalvas,Rodriguez-
Gonzalez,Costumero,Ambit,&Gonzalo,2016).Actually,theextractiontaskinvolvesacombination
ofstructuredandunstructureddata,includingcodifiedclinicalclassifications,images,testresultsand
narrativetext,amongothers.Thispaperwillfocusontherecognitionofpre-establishedentitiesof
interestinEHRextractedfromclinicalsystems.Thisfallswithinthetaskofnamedentityrecognition
(NER),responsibleforextractingentitiesandrelationshipsbetweenthem,withinaspecificdomain,
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typicallyrelyingondictionaries,ontologiesandthesaurustodoso(Menasalvasetal.,2016).As
such,thispaperproposesanapproachtoNER,whichisaimedatimprovingprecisionandrecallby
combiningdifferentNERmethods.

There is a large body of work on methods and tools to process biomedical text in general
(Menasalvasetal.,2016).However,aspointedoutinLeamanet.al(Leaman,Khare,&Lu2015),
biomedical texts are a highly codified result edited for clarity and intended at a large audience,
whileclinicalnarrativetextscontainedinEHRarewrittenbyhealthcareprofessionalsaboutasingle
patientandareaimedatcolleaguesorthemselves.Thisimpliesavarietyofnotes,whicharediverse
inlanguageanddetail,aswellasadhocterminology,includingacronymsandjargon,farfrombeing
highlycodifiedandstandard.Inpractice,theseresultsinEHRsystemsarecountry,hospitalandeven
servicedependent(Menasalvasetal.,2016).Inaddition,EHRareoftenfilledundertimepressure
andwithlowmotivationduetothefactthatittakestimeawayfromactualpatientcareoreducation.
Asaresult,EHRnarrativetextusuallysuffersfromlowqualityreflectedin:variablesemantics,
structurewithoutformalsentences,missingpunctuation,missingexpectedwords,misspellingor
heterogeneousstylesandjargon(Menasalvasetal.,2016).Moreover,independentlyofthemotivation
orresultingquality,theclinicallanguageperseimpliesanadditionalseriesofchallenges,including
termvariability,ambiguityandcomplexity,lackoffine-grainedclassifications,resultsfollowedby
unitsordosages,incompletesyntacticcomponentsinsentences,aswellasdataavailability(Dong,
Qian,Guan,Huang,Yu,&Yang,2016).InNERterms,ambiguityisoneofthebiggestchallenges,
becauseconceptsofinterestarefrequentlyhypothetical,negatedorincludetemporalrelationships
(Menasalvasetal.,2016).Assuch,manyexistingnaturallanguageprocessing(NLP)approaches
becomeineffectiveorinsufficientforclinicalnarrativetext.

Moreover,despitenumerousNERproposalsforEHR,thevastmajorityarelimitedtomedical
textwritteninEnglish(Menasalvasetal.,2016).GiventhatNERreliesondictionaries,severalare
alreadyavailable,includingUnifiedMedicalLanguageSystem(UMLS),SystematizedNomenclature
ofMedicine-ClinicalTerms(SNOMED-CT)orInternationalClassificationofDiseases(ICD);these
arealsoinEnglishwitheithernotranslationsorlimitedversionsinotherlanguages.Inthecontextof
thispaper,EHRsbelongtoaSpanishspeakinghospitalandithasalreadybeenrecognizedthatfor
eventextractionfromEHRsinSpanish,thelackofannotatedcorporaisperhapsthemaindifficulty
(Casillas,Pérez,Oronoz,Gojenola,&Santiso,2016).Despitetherebeingwaystoavoidalanguage-
specificannotatedcorpusthroughsupervisedmachinelearning,trainingthemodelsiscostlyand
usingitincomplexlanguagesetsrunsintomajorperformanceissues(Dongetal.,2016).Inaddition,
thechoiceofinferencealgorithmsandmanagingheterogeneousmedicalfieldsfurthercomplicates
medicalNER(Casillasetal.,2016;Dongetal.,2016).

Thispaperproposesanapproachfordictionary-based,combinedNERaimedatimprovingentity
recalldealingwiththeaforementionedchallengesassociatedtoclinicalnarrativesextractedfromEHR
systems.Todoso,itpresentsaproposalthatcombinesthreedifferentNERtechniquesandtakesinto
considerationthecontextualwordsaroundtheentityofinteresttodeterminewhethertheconceptis
confirmed,negated,speculative,pendingoranantecedent.Toourbestknowledge,ourapproachis
thefirstincludingthislevelofdetailintheexpressionofsenseforthehealthcaredomaininSpanish.
Therestofthispapercontinueswithrelatedworks.Wethengoontopresenttheproposedstrategy
andpresenttheevaluationresultsofapplyingthestrategytoastandarddataset.Finally,wepresent
someconclusionsandsuggestsavenuesforfuturework.

BACKGRoUNd

Naturallanguageprocessingofmedicaltexthasawidevarietyoftoolsandmethods.Forourresearch
work,wemadeananalysisofsomerelevantworkinNERinthemedicalandbiomedicalfieldsin
Table1,whereweproceedtohighlightthefollowingcharacteristics:
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