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ABSTRACT

Exposure to radiofrequency (RF) energyduring amagnetic resonance imaging exam is a safety
concernrelatedtobiologicalthermaleffects.Estimationofthespecificabsorptionrate(SAR)isdone
bymanufacturerscannerintegratedtoolstomonitorRFenergy.Thisworkpresentsanexploratory
approachofDICOMmetadatafocusedinwhole-bodySARvalues,patientdependentparameters,
andpulsesequences.Previouslyacquiredabdominopelvicandheadstudieswereretrievedfroma3
Teslascanner.Dicoogletoolwasusedformetadataindexing,mining,andextraction.Specifically
weightedpulse sequenceswere relatedwithweight,BMI,andgender throughboxplotdiagrams
andeffectsizeanalysis.AdecreaseofSARvalueswithincreasingbodyweightandBMIcategories
isobservableforabdominopelvicstudies.Headstudiesshoweddifferenttrendsregardingdistinct
pulsesequences;inaddition,underagepatientsregisterhigherSARvaluescomparedtoadults.Male
individualsregistermarginallyhigherSARvalues.Metadatarecordingpracticesandstandardization
needtobeimproved.
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INTRoDUCTIoN 

Theimagingmodalityofmagneticresonance(MR)involvestheabsorptionofradiofrequency(RF)
energybythehumanbody,comprisingoneofthemainpatientsafetyconcernsduringtheexamdueto
heatingriskoftissues.MonitoringRFabsorptionisachievedbytheestimationofspecificabsorption
rate(SAR)expressedinwattsperkilogram(W/kg)(Hartwig,2015).

SeveralstudiesdealwithSARvaluesovercomputationalsimulations,buttheusageoftheones
obtainedinrealpatientineverydayMRpracticearehardlyeveranalyzed.Guidelinesandreviews
addressSARasdependentof thepatientweight, introducedbytheMRtechnologist,butarenot
specificinwhatwayweightinfluencesSAR.TheonlywaytoassessSARduringtheMRexamis
totrustinthemethodsappliedbythemanufacturers,thatreturnanoutputofanestimatedSARthat
canlimitacquisitionconditionsaccordingtoguidelinevalues.
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Inthisrespect,thescopeofthisarticleistopresentanexploratoryapproachofwhole-bodySAR
valuesreportedbytheequipmentandstoredinDICOMmetadata.Itusesalargemetadatarepository
acquiredina3Teslascanner.SuchrepositorywasindexedinanopensourceplatformnamedDicoogle.
Datawasorganized,selected,andcharacterized.Abdominopelvicandheadstudieswereselectedfor
furtheranalysisaswellasspecificallyweightedpulsesequencesforeachstudytype.Whole-body
SARvalueswererelatedwithcategoricalpatientweight,categoricalBMI,andsex.Thisstudyalso
dealswithstatisticalanalysisregardinglargedatarepositories.

Theobjectivesofthisworkare,ononehand,relatedwithSARvaluesand,ontheotherhand,with
dataitself.Specifically,assessthescenarioregardingwhole-bodySARvaluesreportedbytheMR
scannerandacquiredinrealpatients,lookingfortrendsorpatternsregardinghumanphysicalfactors
(patientweight,BMI,andsex)andimageacquisitionparameters(pulsesequences).Simultaneously,
dealingwithalargerepositoryofMRmetadata,givenitsspecificconstrainssuchasdatahandling,
datadiversity,anddatastatisticalanalysis.

Thisarticleisorganizedasfollows.TheBackgroundsectionincludesthepresentationofthe
problem,relatednomenclatureandreferencetorelevantliteratureonthetopic.SectionofMethods
describes the applied approach, including a flowchart, regarding three separated topics: Data
acquisition,organization,andpreparation;Datacharacterization;andDatarepresentationandstatistical
analysis.SectionofResultsisdividedintothreematters:WeightandBMI:abdominopelvicstudies;
WeightandBMI:headstudies;andSex:abdominopelvicandheadstudies.Discussionsectionexamines
theobservedresults,referringtocomparativeliteraturewhenreasonable.EndingwithConclusion
section,wherethemainfindings,limitationsandfuturescopeareaddressed.

BACKGRoUND 

Magneticresonance(MR)isawidelyusedimagingmodalitywithsuperiorsofttissuecontrastand
flexibletoolsfordiagnosis,physiological,andfunctionalapplications(Kim&Kim,2017;Kraff&
Ladd,2016).InEurope,forthecountriesforwhichdataisavailable,therewasageneralincrease
between2011and2016inthenumberofMRscansconductedrelativetopopulationsize(Eurostat,
2019).

MRimageacquisitiondoesnotuse ionizingradiationandcomprisesan interactionbetween
threetypesofmagneticfieldswiththehumanbody:ahighstaticmagneticfield(B0),threegradient
magneticfields(Gx,Gy,andGz),andaradiofrequency(RF)field(B1)(Hartwig,2015).Thetiming
ofapplicationofgradientsandRFpulsesisdeterminedinaMRpulsesequence(pSq).Thereare
twofundamentaltypesofMRpSq:spinecho(SE)andgradientecho(GRE);otherMRsequences
arevariationsofthese,withdifferentparametersaddedon(Bitaretal.,2006).MRisconsidereda
safetechnologybutisnothazard-free.

Themagneticfieldsinvolvedinimageacquisitioncancausedangerousbiologicaleffectsforthe
patientifthehazardsarenottakenintoconsideration(Hartwig,2015;Stralka&Bottomley,2007).
Specifically,theRFpowerdepositionislinkedwiththermaleffects,duetotissueheatingcaused
bydirectabsorptionofenergyandinducedcurrents.ThesafetyaspectsregardingRFexposureare
regulatedviainternationalgovernmentandindustryguidelinespublishedbyICNIRP(International
CommissiononNon-IonizingRadiationProtection,2014),FDA(FoodandDrugAdministration,
2014), and the IEC (International Electrotechnical Commission), ensuring patient safety and
compliancewithsafeexposurelevels(Hartwig,2015).IntheIECstandard,whole-bodySARlimits
arespecifiedforthethreeMRoperatingmodes:normal(<2W/kg),1stlevelcontrolled(<4W/Kg)
and2ndlevelcontrolled(>4W/kg).OtherSARlimitsaredefinedfordifferentbodyregionsandfor
localizedSARestimations(Fiedler,Ladd,&Bitz,2018).

MonitoringRFenergyabsorptionisachievedbyestimationofthespecificabsorptionrate(SAR),
measuredinwattsperkilogram(W/kg).SARisusedinsafetystandardsandguidelinesandrepresents
aconvenientandcurrentwaytocontrolpossibletemperatureincreases(Formica&Silvestri,2004;



 

 

16 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/article/data-mining-of-mr-technical-

parameters/266236

Related Content

Compression of PPG Signal through Joint Technique of Auto-Encoder and

Feature Selection
 (2021). International Journal of Healthcare Information Systems and Informatics (pp.

0-0).

www.irma-international.org/article//279335

Evaluating Healthcare IT and Understanding the Work of Healthcare are

Entangled Processes
Joseph Schulman (2010). Health Information Systems: Concepts, Methodologies,

Tools, and Applications  (pp. 162-177).

www.irma-international.org/chapter/evaluating-healthcare-understanding-work-healthcare/49861

Single Case Studies as Seeds: Brain Models That Matter
Amy Price (2014). International Journal of User-Driven Healthcare (pp. 43-50).

www.irma-international.org/article/single-case-studies-as-seeds/115533

Data Analysis in Radiotherapy Treatments: Planning, Predicting, and

Assuring Treatment Quality
Ana Anacletoand Joana Dias (2018). International Journal of E-Health and Medical

Communications (pp. 43-61).

www.irma-international.org/article/data-analysis-in-radiotherapy-treatments/204542

Implementation of the Blue Ocean Strategy in Healthcare: The Case of

Greece
Antonia Mourtzikou, Marilena Stamouliand Dimitrios Emmanouil (2019). International

Journal of Reliable and Quality E-Healthcare (pp. 36-49).

www.irma-international.org/article/implementation-of-the-blue-ocean-strategy-in-

healthcare/223198

http://www.igi-global.com/article/data-mining-of-mr-technical-parameters/266236
http://www.igi-global.com/article/data-mining-of-mr-technical-parameters/266236
http://www.igi-global.com/article/data-mining-of-mr-technical-parameters/266236
http://www.irma-international.org/article//279335
http://www.irma-international.org/chapter/evaluating-healthcare-understanding-work-healthcare/49861
http://www.irma-international.org/article/single-case-studies-as-seeds/115533
http://www.irma-international.org/article/data-analysis-in-radiotherapy-treatments/204542
http://www.irma-international.org/article/implementation-of-the-blue-ocean-strategy-in-healthcare/223198
http://www.irma-international.org/article/implementation-of-the-blue-ocean-strategy-in-healthcare/223198

