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ABSTRACT

ThisarticlereportsanexperimentalstudytodeterminehowtousethestoredDigitalImagingand
CommunicationinMedicine(DICOM)metadatatoperformpopulationstudies.Asacasestudy,
itwasconsideredthreetypesofmedicalimagingstudies(i.e.routineheadcomputedtomography,
thoraxcomputedradiographyandthoraxdigital radiography)stored in thepicturearchivingand
communicationsystems(PACS)ofthreehealthcareinstitutions.ThefinalsampleconsistedofDICOM
metadatabelongingto1370360images,correspondingto109160medicalimagingstudiesperformed
on72716patients.Thestudyfollowedamethodologicalapproachthatallowstheidentificationofthe
numberofpatientswithperformedstudiesbyagegroupandgender,aswellastheaveragenumberof
studiesbypatient,agegroupandgenderineachoneofthethreehealthcareinstitutions.Theresults
showtherelevanceoftheaggregationandanalysesofDICOMmetadatastoredinheterogeneous
PACSfacilities.
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INTRODUCTION

Theenormousamountofinformationthatisacquired,storedandmanagedwithinheterogeneous
healthcareenvironments,supportedbycomplexhealthcareinformationnetworks,isincreasinglyused
tocontinuousimprovementofhealthcareprovision(Asche,Seal,Kahler,Oehrlein,&Baumgartner,
2017).

Theconstanttechnologicalevolutionhasgivenrisetoautomatictoolstoaccess,processand
analyseclinicalinformation.Inparticular,concerningmedicalimaging,thesetoolsallowremoteand
safeanalysesofclinicalinformationrelatedtomillionsofpeople,comparisonsofclinicaleffectiveness,
efficiency,andefficacy,disseminationofgoodpractices,and, therefore, the improvementof the
qualityofhealthcareprovision(DeVoeetal.,2011;Klaiman,Pracilio,Kimberly,Cecil,&Legnini,
2013).Inthiscontext,advancedprocessingmethods(e.g.artificialneuralnetworks)mightoptimise
theanalysisoflargeamountofhealthcaredata(Moreira,Rodrigues,Kumar,Al-Muhtadi,&Korotaev,
2017),whichmightbeuseful topromote thequalityofhealthcareprovision(Gholipour,Rahim,
Fakhree,&Ziapour,2015).

Thepopulationagingand,consequently,theincreasingprevalenceofchronicconditions,among
otherfactors(VanOostrometal.,2016),includingtechnologicaldevelopments,defensivemedicine,
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andtheneedtoperformalargenumberofmedicalimagingstudiesandtoachieveresultsinshort
periods(AmisJr.etal.,2007),requirestheimprovementofthemedicalimagingprocedures,which
isreinforcedbythefactthatmanyoftheseproceduresinvolvetheuseofionizingradiation(Thrall,
2009;Sachs&Long,2016).

Inadditiontotheoptimizationofexposurefactorstoincreasetheperformanceofthemedical
imagingpractice,anotheraspectthatshouldbeconsideredisthepatients’exposuretoX-radiation,
namelythenumberofmedicalimagingstudiesconductedduringtheirlifetime(Fabritiusetal.,2016).
Therefore, initiativesshouldbe taken to identify thecausesofduplicatedand repeated radiation
exposureswithinmedicalimagingstudies(Nol,Isouard,&Mirecki,2006;Prietoetal.,2009;Hendee
etal.,2010;Yuanetal.,2013),namelytakingadvantageoftheinformationthatispartoftheDigital
Imaging and Communication in Medicine (DICOM) metadata (Tsalafoutas & Metallidis, 2011;
Brady&Kaufman,2015).

The DICOM metadata data produced by different medical imaging modalities and distinct
equipmentmanufacturerscanbeusedinmultiplescenarios,namelyinefficiencymetricsforimaging
deviceproductivity(Huetal.,2011),ortoprovidedatafordifferentinitiativessuchas,forexample,
development of medical imaging performance indicators (Prieto et al., 2009); Jahnen, Kohler,
Hermen,Tack,&Back,2011;Dave&Gingold,2013)orbiomedicalresearch(Freymann,Kirby,
Perry,Clunie,&Jaffe,2012).

Important parameters such as image processing and image acquisition parameters, patient
doseandgeometricinformationarestoredinthePictureArchivingandCommunicationSystems
(PACS).Despitethesedatabeingstoredonthehealthcarerepositories,thetraditionalinformation
systemsarenotabletoaccessthem.ThesedifficultiescanbeovercomeusingtheDicoogle(Valente,
Silva,Godinho,&Costa,2016).Dicoogleisanopensourcesolutionthatallowsextractingtextual
informationfromthePACSandperformingflexiblequeriesoverDICOMmetadata.Theflexibility
toindexdifferentInformationObjectDefinition(IOD)(i.e.DICOMobjectstypeswithdifferentdata
elements)isduetothereplacementthetraditionaldatabasebyanindexationengine.Followingthis
approach,itispossibletoindexallexistentDICOMdataelements(text-based)withoutneedtocreate
newfields,newtables,andnewrelationsthatwouldbenecessaryforanon-proprietaryrelational
databaseapproach(Santosetal.,2015).

Withinthiscontext,thestudyreportedinthisarticlewasinformedbythefollowingresearch
question: is itpossible toperformpopulationstudiesbyaccessing,processingandanalysing the
DICOMmetadatastoredinthePACSofdifferenthealthcareinstitutionstotrackindividualradiation
exposurehistoryandtoobjectivelysupporthealthcaremanagementindicators?

Therefore,thestudyreportinthispaperaimedtoproposeandevaluateamethodbasedona
publicdomainsoftware,theDicoogle(Valenteetal.,2016),abletomanageDICOMmetadatastored
indifferentPACSofvarioushealthcareinstitutions,namelytosupportcontinuousimprovementof
clinicalprocedures.

Concerningtheexperimentalwork,theauthorsaccess,processandanalyseDICOMmetadata
storedinthePACSofthreehealthcareinstitutionsrelatedtothreeimagingmodalities(i.e.Computed
Tomography-CT,ComputedRadiography-CR,andDigitalRadiography-DX)and,morespecifically,
relatedtothreetypesofmedicalimagingstudies:routineheadCT,thoraxCRandthoraxDX.

Thisarticleisorganizedasfollows:Thefollowingsection,Background,addressesrelevantfactors
that influencetheavailabilityofrequiredinformationtocharacterizemedical imagingprovision,
especiallywhenvarioushealthcare institutionsare involved.ThesectionMethodsandMaterials
presentsthevariousphasesoftheexperimentalwork.ThesectionResultsandthesectionDiscussion
aredevoted,respectively,toresultspresentationanddiscussion.Finally,thesectionConclusionand
FutureWorkgatherstheconclusionandsomeprospectsforfuturework.
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