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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.

Thisarticle,publishedasanOpenAccessarticleonJanuary7,2021inthegoldOpenAccessjournal,InternationalJournalofE-Healthand
MedicalCommunications(convertedtogoldOpenAccessJanuary1,2021),isdistributedunderthetermsoftheCreativeCommonsAt-

tributionLicense(http://creativecommons.org/licenses/by/4.0/)whichpermitsunrestricteduse,distribution,andproductioninanymedium,
providedtheauthoroftheoriginalworkandoriginalpublicationsourceareproperlycredited.
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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;
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Hartwig,2015;Kraff&Ladd,2016).Inhumansubjects,estimatesofSARlevelsarenottrivialbecause
bodySARisinfluencedbyseveralvariablessuchastypeofRFpulse,repetitiontime,configuration
ofanatomicareaexposed,amongothers(Formica&Silvestri,2004;Shellock&Crues,2004).MR
scannerscanprovideanestimateofSARbyusingtheenergydepositedbyaRFpulseasafunction
ofthepatient’sweight,insertedbytheoperatorbeforestartingtheexam,anddataonthetransmit
coilcoveragetocomputetheglobalaverageSAR.Continuouscomputationisusedtoensurethat
SARvaluesarewithinguidelinelimits(Hartwig,2015;Tsai,Grant,Mortele,Kung,&Smith,2015).
ImplementationofSARestimatesandguidelinesliesonequipmentmanufacturers(Bottomley,2008).
ClinicalMRscannersestimateSARbasedonproprietarycalculationsthatinvolvepatientdataentries
bytheMRtechnologist(Bottomley,2008;Qian,El-Sharkawy,Bottomley,&Edelstein,2013).

DICOM(DigitalImagingandCommunicationsinMedicine)isthestandardforthecommunication
andmanagementofmedicalimaginginformationandrelateddata.DICOMusesspecificnomenclature
basedonamodelofthereal-worldcalledtheDICOMInformationModel.Thedataofthereal-world
isperceivedasaDICOMobjectwith respectiveattributes,called InformationObjectDefinition
(IOD).AnIODcanbeperceivedasacollectionofdescriptiveattributes.Thelistthatcollectsall
attributesistheDICOMDataDictionary,ensuringconsistencyinattributenaming,formattingand
processing.Eachattributeisassociatedwithauniquenumerictag.TheMRimageconstitutesan
IOD,wheresomeattributesarecommonwithotherimagingmodalities,suchastheonesrelatedto
PatientID,andotherareMRspecificattributes.DuetotheDICOMstandard,afterimageacquisition,
whole-bodySARvaluesremainstoredasmetadataintheDICOMtag(0018,1316),aswellasother
technical and image descriptors (National Electrical Manufacturers Association, 2019; Pianykh,
2012).AnotherimportantconceptrelatedwiththeDICOMstandardisPACS(PictureArchivingand
CommunicationSystems).PACSaremedicalsystemswhichprovidestorage,retrieval,management,
distributionandpresentationofmedicalimages.TheuniversalformatforPACScommunicationis
DICOM,guarantyinginteroperability(Pianykh,2012).AsoftwarenamedDicooglewasusedinthis
worktomanageandextractmetadata.DicoogleworksasaPACSarchiveandisDICOMconformant,
incorporatinganewwaytostoreandretrievemetadata,speciallyincasesoflarge-scaleimaging
studiesthatrequireDICOMtaggedinformation(Costaetal.,2011).

Asearchoftheexistingliteraturerevealedfewstudiesthatdealwithrealpatientandequipment
calculatedSARvalues,trustingthemethodsimplementedbymanufacturers,whichare,infact,the
onesusedineverydayclinicalpractice,relyingonSARtosuperviseRFtransmissionpower(Kraff&
Ladd,2016).MostoftheacademicstudiesevaluateSARusingtheoreticalorexperimentaldosimetry.
Numerical methods using computational simulations on human models to calculate SAR, e.g.,
theFDTD(finitedifferencetimedomain)method,areafocusofresearchinthisfield(Cao,Park,
Cho,&Collins,2015;Hartwig,2015;Hartwigetal.,2013).DirectcomparisonbetweenpSqwith
well-definedacquisitionparametersandunderstrictconditionsortestingnewpSqtoachieveSAR
reductionarealsopreviousresearchapproaches(Conil,Hadjem,Lacroux,Wong,&Wiart,2008;
Maliketal.,2015;Shah,Kaffanke,&Romanzetti,2009;Srinivasanetal.,2016;Wang&Collins,
2010).TemperaturechangescanbeinfluencedbytheweightinputintheMRsystem(Onoetal.,
2019)andSARcanrevealintrasubjectvariability(Meliadò,vandenBerg,Luijten,&Raaijmakers,
2019).Inaddition,thereisagapinknowledgeregardingtheinterrelationsoftheequipmentreported
whole-bodySARvalueswithpatientspecificparameterssuchasweightorbodymassindex(BMI)
andimageacquisitionparameters.

Giventhescenario,thisworkpresentsitselfasanexploratoryapproachofequipmentreported
whole-body SAR values stored in DICOM metadata. The use of a large repository enabled the
considerationofadequatestatisticalmethodsthataskforadedicatedclarification.Toperformdata
representation,boxplotdiagramswerechosen.Patientweightisdividedintosixcategories(M1to
M6),patientBMIintofourcategories(BMI1toBMI4)andfemaleandmalesexcategories.Specific
methodstoassessthestatisticaldifferencebetweencategoriesinlargesampleswerestudied.For
example,anon-parametrichypothesistestapproachwastested,providingap-valueandclassification
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assignificantornon-significant.However,statisticalsignificanceturnsouttobelimitedinformationin
adatasetthatbyitsdimensionassuressignificance,i.e.,thep-valuecanbemadesmallbyincreasing
thesamplesize(Kalinowski&Fidler,2010).Analternativenon-parametricmeasurecalledCliff’s
delta(δ),wascalculatedandusedtoinformthemagnitudeofthedifferencebetweentwogroupsof
observations.Thisiscalledameasureofeffectsize,thatprovidesthemagnitudeoftheeffectand
islessbiasedtowardsamplesize.Effectsizeismorereliableinalargesampledataset,wherethe
probabilityoffindingastatisticallysignificantresultincreasesconsiderably(Khalilzadeh&Tasci,
2017;Macbeth,Razumiejczyk,&Ledesma,2011).Inthiswork,theCliff’sdeltameasureofeffect
sizeiscalculatedtoallpairedgroupsinweight,BMIandsexcategoriesforeachMRpulsesequence.

METHoDS

Thefollowingparagraphsdescribetheappliedmethodology.Asummaryflowchartcanbefoundin
Figure1.

Data Acquisition, organization, and Preparation
ArepositoryofpreviouslyacquiredMRimagesofa3Tscannerwithhigh-performancegradients
(maximumamplitude,45mT/m;risetime,200µs;slewrate,200T/m/s;FOV,50cm)wasthesource
of the metadata. A remote installation of Dicoogle software (www.dicoogle.pt) was performed
andconnectiontotherepositoryallowedtheindexingprocess.TheDicoogleplatformenabledthe
collectionofallDICOMmetadataassociatedtoeachimage,organizingitinapatient-study-series-
image hierarchy. Following the indexing process, the extraction of metadata was performed via
comma-separatedvalue(.csv)files.MetadataextractionwasperformedintheDicoogleplatform,
consideringsegmentedtimeframes(annually)byusingtheStudyDateDICOMtagasafilteranda
selectedlistofextractedDICOMtags.

The.csvfileswereworkedinExcel2016®giventheparticularitiesofthedata.Thefirststep
ofthisprocesswastoimportthe.csvfilesusingtheGetandTransformDatatool,selectingthepath
ofthecorrespondingstoragefolder.Aconnectionwascreatedtoeach.csvfile.UsingtheEditing
mode,anewquerywasaddedtoeach.csvfile.Eachonewasimportedas.csvtoobtainaccesstoits
content.Atthisstage,anExcelquerywascreatedforeach.csvfile.Tohaveallthemetadatainone
query,theseveral.csvfileswerecombinedusingtheAppendtool,withtheassurancethatcolumn
organization(i.e.,DICOMtagsextracted)wasthesameforevery.csvfileextractedfromDicoogle.
Thebenefitof thisapproach is thecreationofaquerywith themetadata informationcombined
withoutloadingittoanExcelsheetsinceitwouldexceedthemaximumnumberofrows(thesame
asthenumberofimages)inaworksheet.

The Editing mode was further used in the combined query, allowing a first preview of the
data, filteringandremovingduplicates in thecolumncontent.Filteringwasperformedtoassure
thatresearchmodeinscanningsequencewasnotconsideredandtheexclusionofblankfieldsin
patientsizetag.Metadataregardingimagedphantomswereidentifiedandexcluded.Theremovalof
duplicateswasperformedonthreelevels,givenbytheDICOMtagsPatientID,StudyInstanceUID,
and SeriesInstanceUID, on which the population, studies, and SAR values were characterized,
respectively,gatheringthreeseparateworksheets.

Once theaboveprocesswasapplied, someformattingactionswereperformed.UsingExcel
formulas,datawasformattedforcorrectidentificationofnumericalfields,withspecificattentionon
metricunits.Furthermore,fournewdatacolumnswereadded:categoricalpatientweight(kg)given
therangesM1<60,60≤M2≤69,70≤M3≤79,80≤M4≤89,90≤M5≤99,andM6≥100;
BMIwascalculatedgiventheformulaweight/height2(kg/m2);patientswerecategorizedaccordingto
BMIgiventherangesBMI1<18,50;18,50≤BMI2≤24,99;25≤BMI3≤29,99;and30≥BMI4;
finally,acolumnwithamorereadableidentificationofpulsesequenceswasadded.Excelformulas
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allowedfastandautomaticclassificationforweightandBMIvaluesaccordingtotheabovedefined
categoriesforalldatarows.

Data Characterization
Theinitialmetadatarepositoryconsistedof61663seriesof3620studiesregarding3086patients.
Thesamplewaschosenregardingthehighestcountofstudiesperformed:approximately71%were
headstudiesand18%wereabdominopelvicstudies.Foreachstudytype,specificallyweightedpulse
sequenceswereselectedgiventhehighestseriescount(Table1).

Data Representation and Statistical Analysis
MATLABsoftware(versionR2016b,64bits,TheMathWorksInc.,Natick,MA,USA)wasusedto
performthefollowingtasks.Boxplotdiagramswereusedtorepresentthedata.Eachpulsesequence
wascharacterizedbythreeboxplots:SARvs.patientweightcategory,SARvs.BMIcategory,and
SARvs.sex.EffectsizeusingCliff’sdeltawascalculatedandclassifiedasinsignificant(|δ|<0,147),
small(0,147≤|δ|<0,33),moderate(0,33≤|δ|<0,474),andlarge(|δ|≥0,474)(Ma,Chen,Yang,
Zhou,&Xu,2016).

RESULTS 

Theabdominopelvicsamplegatheredatotalof17812series(610patientsfrom658studies)andthe
headsampleatotalof29907series(2130patientsfrom2519studies,).

FromTable1itispossibletoobservethatcollecteddatacorrespondstoawidepatientpopulation.
Intheabdominopelvicstudies,therearerecordsofadultpatientsonly,whereasheadstudiesinclude
under-agepatients.Foreitherstudytype,SARlimitswereneverexceededconsideringguidelines
forwhole-bodySARupto1stlevelcontrolledmode(4W/kg).

weight and BMI: Abdominopelvic Studies
RegardingabdominopelvicstudiesinFigure2,TseT2wpresentsthehighestmeanandmedian,with
approximately50%ofSARrecordsabove2W/kg, i.e.,seriesacquiredinthe1st levelcontrolled
operatingmodeforwhole-bodySAR.TheremainingpSqarefoundtohavefewerrecordsabove
thatthreshold.

FromFigures3and4,inEpipSq,theM2andBMI2categoriesareslightlyelevatedcompared
tocorrespondingcategories.AmoderateδbetweenM2/M3,M2/M4,andM2/M6wasfound.The
BMI2/BMI3andBMI2/BMI4pairshaveamoderateCliff’sclassification.

InHasteT2wpSq,theupperextremeandQ3valuesdecreasewithincreasingweightandBMI
categories.AmoderateδisfoundbetweenM6andallotherweightcategories.InBMI2,approximately
aquarteroftherecordsareabove2W/kg;thisvaluedecreasesinBMI3andBMI4.Amoderateδ
wasfoundinthepairBMI2/BMI4.

TurningtoSpaceRT2wpSq,boxlocationisalikeforweightandBMIcategories.Alargeδwas
foundbetweenM2/M5andmoderatebetweenM3/M5.IntheBMIcategories,valuesabove2W/kg
aresimilaracrossallcategories.

InFlashT1wpSq,thepositionofQ1,lowerextreme,median,andmeantendtoregisterlower
valueswithincreasingweightandBMIcategory(exceptforM6).AmoderateδwasfoundinM2/
M4,M2/M5,andM2/M6.AδclassifiedasmoderatewasfoundinBMI2/BMI4.

For TseT2w pSq, a large range of values in the M3, M4, and M5 categories is observed. In
weightandBMIcategories,boxplotvaluestendtoregisterprogressivelysmallervaluesascategory
increases.Approximatelyhalfoftherecordsarelocatedabove2W/kginBMI2andBMI3,witha
lowerpercentageinBMI4.AmoderateδisfoundinBMI2/BMI4.
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weight and BMI: Head Studies
Regardingheadstudies,SARvaluesthatcharacterizeeachSqParehighlydifferentandtheexistence
ofnumerousoutliersimpelledtheseparationintotwoboxplotdiagramswiththeappropriatescaleon
theverticalaxis.InFigure2,SARvaluesrecordedforheadstudiesaremainlybelowthefirstlevel
controlledoperatingmode.TsetypepSqrecordthehighestmeansandmedians,withaboxlocated
higheronthey-axis.

FromFigures3and4,inTurboFlashMPRAGEpSqitcanbeobserved,fromtheM1toM4category,
aprogressivelywiderrangeofvalues,althoughboxlocationisalike.TheM6categoryislocated
higheronthey-axis,whichisconfirmedwithamoderateδbetweenM6andallothercategories.
TheBMI2,BMI3andBMI4categorieshavesimilarboxlocations.

InEpiFidpSq,theM1andBMI1categoriesstandoutfromtheremainingcategoriesdueto
higherupperextremevalue,Q3,andmean.ThisdifferenceisconfirmedwithaCliff’sclassification

Figure 1. Summary flowchart of applied methodology. Three main steps highlighted: data extraction, preparation and organization; 
data characterization and data representation and statistical analysis.
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ofmoderatebetweenM1/M6,BMI1/BMI2,andBMI1/BMI4,andlargebetweenBMI1/BMI3.The
M6recordsalargeδcomparedwiththeotherremainingcategories.

SpaceIRT2wshowsthatM4,M5,andBMI4categoriesfallinaslightlyhighermeanandmedian.
AmoderateδisfoundbetweenM3/M5,BMI2/BMI4,andBMI3/BMI4.

Table 1. Brief characterization of the demographic and technical parameters of the analyzed data for each study type 
(abdominopelvic and head studies)

Abdominopelvic studies Head studies

Numberofseries

Epi
HasteT2w
SpaceRT2w
FlashT1w
TseT2w

1157
1014
252
14280
1109

TurboFlashMPRAGE 6640

EpiFid 12653

SpaceIRT2w 1120

SpaceT2w 76

Epi 3550

FlashT1w 2066

TseT2w 1969

TurboIRT2w 1527

TseRT2w 306

Female 2575 Female 15774

Male 15237 Male 14133

Total 17812 Total 29907

Mean Range Mean Range

Age(years) 62 20–98 46 12days–93

Height(meter) 1.69 1.5–1.92 1.67 0.5–1.96

Weight(kg) 81 60–120 76 2.5–115

BMI(kg/m2) 28 21–42 27 10–41

SAR(W/kg) 1.797 0.020–3.999 0.237 0–3.483

Figure 2. SAR vs. pulse sequence boxplot for abdominopelvic (left) and head (center and right) studies sorted by ascending median
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RegardingSpaceT2wpSq,themoststrikingresulttoemergeistheelevatedboxesfortheM1and
BMI1categories.ObservationofM2toM5andBMI2toBMI4concludesaprogressivelyincreased
boxposition.AlargeδisfoundinM2/M4,M2/M5,M3/M5,andBMI2/BMI4andamoderateδin
M2/M3,M4/M5,BMI2/BMI3andBMI3/BMI4.

InEpipSqitcanbenoticed,onceagain,thattheM1andBMI1categoriesarelocatedinhigher
SARvalues,withconfirmationbyalargeδbetweenBMI1andremainingcategories.ObservingM2
toM5andBMI3toBMI4,theboxpositionisalike,withtheexceptionofM6,slightlyelevated.A
moderateδwasfoundbetweenM2/M6andM5/M6andlargeδinM3/M6.

InFlashT1wpSq,theM1categoryemergeswithanelevatedbox,confirmedwithalargedifference
whenpairedtoM2,M5,andM6.IntheBMIcategories,BMI3recordsaslightlyhighermeanand
median,butresultsinasmallδwhenpairedtoBMI2andBMI4.AmoderateδwasfoundinM1/
M3,M2/M5,M4/M5andM5/M6.

TseT2wandTurboIRT2warealikeintheirSARdistributionamongweightandBMIcategories.
DifferencesbetweenM1orBMI1andtheremainingcategoriesareconfirmedwithmoderateorlarge
δvaluesinTseT2wpSq.

Finally,boxesinTseRT2wpSqareinasimilarrangeofSARvalues,eitherinweightorBMI
categories,whereonlysmallorirrelevantCliff’sclassificationwasfoundbetweencategories.

Sex: Abdominopelvic and Head Studies 
FromFigure5,theoverallscenario,ineitherstudytypeandrespectivepSq,isthatSARvaluestend
tobeslightlyhigherinmaleindividuals.AnexceptioncanbefoundinFlashT1wpSq,wherethefemale
boxplotisslightlyelevated.Regardingδforabdominopelvicstudies,aclassificationoflargeisfound
inSpaceRT2wpSq,smallinFlashT1wandHasteT2w,andirrelevantinEpiandTseT2wpSq.Forhead
studies,female/malecomparisonswerereportedwithamoderateCliff’sclassificationinSpaceIRT2w
andSpaceT2w;allotherpSqreportasmallδ.

DISCUSSIoN

Thepresentworkinvestigatedtherelationshipbetweenwhole-bodySARvaluesandpatientspecific
characteristics:bodyweight,BMI,andsex.AlargerepositoryfromaMRscannerwasanalyzed
accordingtothevaluesstoredinDICOMmetadata.ItcanbeseenfromthedatainTable1that,in
abdominopelvicstudies,GREpSq(FlashT1w)areusedmostlytoacquireT1weightedimageswhereas
SEpSq(TseT2wandHasteT2w)areusedtoacquireT2weightedimages.Thisusageisconsistentwith
routinepracticesinabdominalstudiesreportedbyAkisiketal.(2007).Similarly,forheadstudies,
mostT2-weightedacquisitionsareperformedbySEpSq(TseRT2w,TurboIRT2w,TseT2w,SpaceT2w,and
SpaceIRT2w),andT1weightingbyGREpSq(FlashT2wandTurboFlashMPRAGE).

Withrespecttoabdominopelvicstudies(Figure2),EpipSqrecordsthelowestmedian,followed
by,inascendingorderofmedian,HasteT2w,SpaceRT2w,FlashT1wand,finally,TseT2w.Bitaretal.(2006),
report thatSE-typepSq,whichuse90°and180° flipangles,areassociatedwithahigherSAR,
comparedtoGREpSq.Infact,wecanobservefromFigure2thatTseT2wrecordshigherSARvalues,
namelyhalfofitabove2W/kg.However,FlashT1wappearsnext,withasimilarpositiontoSpaceRT2w,
despiteusingmuchlowerflipangles.SpaceRT2wpSqhaslowerSARvaluescomparedtoTseT2was
mentionedbyNakauraetal.(2013)inastudyofcolonangiographyandMugler(2014),whereit
isstatedthatSpacepSqallowedthereductionofSARduetotheuseofvariableflipanglesinthe
refocusingpulse,beinganoptimizedvariantofaTsepSq.Inanidenticalscenario,headstudiesdata
fromSpacepSqsuggestanoptimizedversionoftheTsevariants,withlowerSARvalues.

Concerningpatientspecificcharacteristics(Figures3and4),observationofabdominopelvic
datasuggeststhatSARvaluestendtodecreasewithincreasingbodyweightandBMIcategory.This
scenariostoodoutinTseT2w,FlashT1w,andHasteT2wpSq,illustratedbyagradualdecreaseofupper
limit,upperquartileandpositionoftheboxplots.
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Regardingearlierfindings(El-Sharkawy,Qian,Bottomley,&Edelstein,2012),itwasshown
thatthemeasureddepositedpower(inwatts)varieslinearlywithBMIforaPhilipsMRIscanner
anditissuggestedthattheSiemensMRIscannermodelseemstodependonthesubject’sweight.
ThegoalofthisstudywastomakeanindependentRFpowermeasurementtotesttheaccuracyof
scanner-reportedSAR.SARvs.weightplotsareshownforeachmanufacturer,comparingscanner
predictionsandmeasurements,butnotrendsaredelineated.Itispossibletohypothesizethatdeposited

Figure 3. SAR vs. weight category boxplot for abdominopelvic (top) and head (center and bottom) studies. For abdominopelvic 
studies in SpaceRT2w pulse sequence and for head studies in TseRT2w pulse sequence there is no data for M6 category. For head 
studies, SpaceIR and Space pSq register only one single value in M6, so comparison to remaining categories was not performed.
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powervs.BMIlinearrelationshipcouldalsobefoundforSARvs.BMI,sinceSARisameasureto
estimateRFpowerdeposition.Thistrendiscontrarytoourfindings,whereSARtendstodecrease
withBMIcategories.InthestudyofMeliadòetal.(2019),noclearrelationshipbetweenBMIandthe
peakSARwasfound.Inthisstudy,imagesof23volunteersenabledthecreationofmodelsthatwere
usedtoassessintersubjectandpeaklocalSARvariabilityforprostateimagingat7T.Nevertheless,
itisalsoreferredthatforhigherBMIvalues,theworst-casepeaklocalSARvalueseemstodecrease
with the increase inBMI.Forabdominopelvicstudies,ourobservationsconfirmthescenarioof
thedecreaseofwhole-bodySARvalueswiththeincreaseinBMIcategory.Meliadòetal.referthat

Figure 4. SAR vs. BMI category boxplot for abdominopelvic (top) and head (center and bottom) studies. For head studies in 
FlashT1w and TseRT2w pulse sequences there is no data for BMI1 category.
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bodycross-sectionalarea,thattypicallyincreaseswithweightandheightofthesubject,seemsto
influencetheworst-casepeaklocalSARvalue,asthismaybeattributedtotheincreaseintheaverage
thicknessofthesubcutaneousfatlayerinthepelvis.Asimilarcausemightbehypothesizedforour
study,explainingtrendsofweightandBMIinabdominopelvicstudiesandwhythesetrendsareless
visibleinheadstudies,asthecross-sectionalareacouldnothavesuchavariability.

Ontheotherhand,headstudiesshoweddifferentscenariosregardingdistinctpulsesequences,
beinglesscertaintofindacleartrendorpatternregardingSARandbodyweight/BMIvalues.In
general,SARvaluesinheadstudiesarelow,withmostseriesreportingvaluesbelow1W/kg.Inhead
studies,M1andBMI1categoriesappearwithamoderateorlargeCliff’sclassification,representing
anobservabledifferenceof thesecategories incomparisonwith the remaining.Amore focused
observationofthemetadatarealizedthepresenceofneonates(12to15daysold,6patients,assigned
asM1andBMI1simultaneously)andchildren(agebelow16years,23patientsassignedasM1,with
4ofthemassignedasBMI1).ItwasobservedforTurboFlashMPRAGEthattheoutliervaluesbetween
0,155W/kgand0,204W/kg(visibleinbothM1andBMI1categories)correspondtoestimatesfor
neonates.ForEpiFid,inbothM1andBMI1,valuesbetweenthethirdquartileandupperextreme
valuecorrespondtorecordsforneonates;italsorecordsvaluesthatareoffthescale,from0,875W/
Kgto2,533W/kgforthesameabove-mentionedpopulation.SpaceT2wpSqrecordsforM1andBMI1
categoriescorrespondonlytoneonates.ForEpi,intheM1category,valuesbetweenthethirdquartile
andtheupperextremevaluecorrespondonlytoneonates;similarscenariofoundfrommeantoupper
extremevalueintheBMI1category.ForTseT2wpSq,thescenarioissimilartoEpi,butthehigher
recordsarealsofoundinchildren.Asdescribed,somespecificSARvaluesarehigherinneonates
orchildrencomparedtoadults.

Inreviewingtheliterature,Chavhanetal.(2009)reporttheexperienceinacquisitionofMRimages
inchildrenwherenosignificantbodyheatingwasseen.Ontheotherhand,Machataetal.(2009)
reportanincreaseofbodycoretemperaturein3Texaminations;itissuggestedthattheguidelines
developedforawakeadultsmaynotbesuitedforevaluationofthermoregulationinsedatedchildren,
whomaythereforebeatincreasedpossibilityforclinicallysignificantRFabsorptionandheating.
AssumingbodytemperatureincreasesarecausedbyRFenergydeposition,SARvaluesshouldbe
revisedtopreventhyperthermiaininfantsandsmallchildren.Adifferentstudy(Maliketal.,2015)
assessedhowSARpredictionsrelatedtoadultscanberelatedtoneonates.ExposuretoRFenergy
wassimulatedinaneonatalanatomicmodel,wherewhole-bodyandheadSARwascomparedto
adultSARvaluesacquiredfromrealequipmentcalculations.Incontrasttoourfindings,Maliketal.
foundthatSARestimatesproducedbyanMRscannerwereconservativeforneonates,i.e.,SARis

Figure 5. SAR vs. sex boxplot. Illustrates the SAR distribution for female and male patients according to each pSq for abdominopelvic 
(left) and head (center and right) studies.
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lowerinneonatesthaninadultsunderequivalentRFconditions.Theuseofneonatespecificmodels
asameanofimprovingMRimagequalityinthispopulationhasbeensuggested.

Inthecurrentwork,forcertainpSq,neonatesorchildrenSARvaluesarehighercomparedto
adults.Asmallsamplesizeforchildrenandneonatesiscoveredsocautionmustbeapplied,andweare
notconfidentinfurtherextrapolationofourfindings.Apossibleexplanationforthisscenariomight
bethatSARvaluesarehigherinchildpatientsforsafetyreasons,limitingacquisitionparameters,
leaningontheworst-casescenario.Ontheotherhand,themodelsforSARestimationmightnotbe
suitedforneonatesandchildrenanatomy.

Regardingsex(Figure5),thegeneralpatternisthatmalepatientspresenthigherSARvalues
comparedwithfemales,withspecialrelevanceinSpaceRT2w,SpaceT2w,andSpaceIRT2wduetothe
largeandmoderateCliffclassifications.

ItisinterestingtonotethatmoderateandlargeCliff’sdeltaclassificationmostlyoccursinthe
comparisonofthemostoppositecategories,e.g.,forabdominopelvicstudiespairM2/M6andBMI2/
BMI4,andforheadstudies,M2/M6andBMI1/BMI4.Itseemspossiblethatthelargerangeofweight
valuesenablestonoticethedifferencebetweenSARvalues,ascloselyrelatedweightcategoriesseem
tohaveamodestdifferencereveledbyinsignificantorsmallCliff’sdelta.

Overall,ispossiblethatthefindingsofBMIandsexfollowthepatternobservedforweight:BMI
iscloselyassociatedwithweight,andcomparisonoffemale/malecanbealsoassociatedwithweight
sincemaleindividualshaveahighermeanbodyweight,resultinginhigherSARvalues.Therefore,
bodyweightisamajorpatientrelatedfactor,ifnottheonlyone,interferinginthecalculationof
SARvalues.

OnesecondaryuseofthismetadataanalysisofSARvaluescouldbequalityandsafetyassessment
oftheprotocolsimplementedintheMRscanner,providingvisualizationofthevariabilityoftheSAR
values,enablingasearchforoptimizationandbetterpracticesregardingadequateprotocoldecision
accordingtopatientthermoregulatoryconditions.Infact,itcanbeobservedthatcertainpSqhavea
highervariabilityintheSARvalues,namelyFlashinabdominopelvicstudies,andTurboFlashand
EpiFidinheadstudies,matchingtheoneswiththehigherseriescount(Table1),thatis,themost
performed.

Theadditionalgoalrelatedwithdatahandlingitselfpresentedsomeinterestingfeedback.The
processof.csvextractioninDicoogleplatformwassegmentedintimeframesbecausetheplatform
wasnotabletoextractasingle.csv.forallindexedfilesgivenitscomputationalweight.Eventhough
theselectedrepositoryinvolvedonlyoneMRmachinefromoneinstitution,iswaspossibletoidentify
somestandardizationconstrains,namelyinstudyidentification,pulsesequenceID,phantomID,and
otherDICOMtagsrelatedtomanuallyintroducedfields.Theprocessofidentifyingandexcluding
phantomswastimeconsumingsinceastandarddenominationwasnotimplemented.DICOMstandard
statesthatpatientsizeunitsaremeterbutcasesofvaluesincentimeterswerefound.Additionally,
pSq identification inPulseSequenceNameDICOM tagor study typegivenbyStudyDescription
DICOMtaghavedifferentdenominationforthesametopic,e.g.,theexistenceofsymbols,adoption
ofdifferentlanguagesorabbreviations.Thisscenarioindicatesseverallimitationsforanalysisofa
large-scaledataset,namelyintheautomaticclassificationoffieldsinExcel.Theinconsistenciesfound
inthemetadataproducedineverydaypracticehinderitsuseforqualitycontrolofSARlimitations
andforprotocoloptimizationofMRexams.Thereis,therefore,adefiniteneedforgreaterandbetter
standardizationintheidentificationofwidelydiverseimagecharacteristics.Theapplicationofbetter
data-recordingpracticescoupledwithimprovedautomaticinputtoeasetheusageoftheproduced
metadataonalargescaleisimportanttofostertheencounterofimagingmodalitieswiththerecent
datausageandanalysisera.
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CoNCLUSIoN 

ThefindingsconfirmthatTse-typepSqpresentthehighestSARvalues.Inaddition,itisconfirmed
thatSARestimatesarerelatedwithpatient-specificcharacteristics,moreevidentinabdominopelvic
studies,whereSARtendstodecreasewithincreasingbodyweightandBMIcategory.SARestimates
forunder-agepatients inheadstudiesarehigherwhencompared toadults.This isvisible in the
comparisonofM1andBMI1with the remainingcategories,either inboxplotvisualanalysisor
inCliff’sdeltacalculations.Limitationsrelyondataretrievedfromonlyoneequipmentandfew
recordsonchildrenandneonates.Asfutureobjectives,itwouldbeinterestingtoanalyzethiswork
onalargerscale,withdatafromdifferentinstitutionsandequipment,aswellasexperimentingother
softwaretoolstoeasethehandlingofsuchdata.Ontheotherhand,analyzeotherdatasourcesto
validatethescenariofoundinthisworkrelatedtochildrenandneonates.Inaddition,extractionand
analysisofmanufacturer-specificSARmetadatacouldprovidemoreinsightaboutlocalizedSAR
estimatesandnotonlywhole-bodySARthatwasanalyzed in thiswork.Theanalysisofa large
repositorysuggeststhatbetterpracticesrelatedtomanualentriesofdatashouldbeimplementedto
assurecorrectestimationofpatient-dependentparameterssuchasSARandtopromotesecondary
usageofeverydayproducedmetadata.

ACKNowLEDGMENT 

Thisresearchreceivednospecificgrantfromanyfundingagencyinthepublic,commercial,ornot-
for-profitsectors.



International Journal of E-Health and Medical Communications
Volume 12 • Issue 1 • January-March 2021

29

REFERENCES

Akisik,F.M.,Sandrasegaran,K.,Aisen,A.M.,Lin,C.,&Lall,C.(2007).AbdominalMRimagingat3.0T.
Radiographics,27(5),1433–1444.doi:10.1148/rg.275075023PMID:17848701

Bitar,R.,Leung,G.,Perng,R.,Tadros,S.,Moody,A.R.,Sarrazin,J.,McGregor,C.,Christakis,M.,Symons,
S.,Nelson,A.,&Roberts,T.P.(2006).MRpulsesequences:WhatEveryRadiologistWantstoKnowbutIs
AfraidtoAsk.Radiographics,26(2),513–537.doi:10.1148/rg.262055063PMID:16549614

Bottomley,P.A.(2008).TurningUptheHeatonMRI.Journal of the American College of Radiology,5(7),
853–855.doi:10.1016/j.jacr.2008.04.003PMID:18585665

Cao,Z.,Park,J.,Cho,Z.-H.,&Collins,C.M.(2015).NumericalEvaluationofImageHomogeneity,Signal-
to-noiseRatio,andSpecificAbsorptionRateforHumanBrainImagingat1.5,3,7,10.5and14Teslainan
8-channelTransmit/receiveArray.Journal of Magnetic Resonance Imaging,41(5),1432–1439.doi:10.1002/
jmri.24689PMID:24976608

Chavhan,G.B.,Babyn,P.S.,Singh,M.,Vidarsson,L.,&Shroff,M.(2009).MRimagingat3.0Tinchildren:
Technical differences, safety issues, and initial experience. Radiographics, 29(5), 1451–1466. doi:10.1148/
rg.295095041PMID:19755605

Conil,E.,Hadjem,A.,Lacroux,F.,Wong,M.F.,&Wiart,J.(2008).VariabilityanalysisofSARfrom20MHz
to2.4GHzfordifferentadultandchildmodelsusingfinite-differencetime-domain.Physics in Medicine and 
Biology,53(6),1511–1525.doi:10.1088/0031-9155/53/6/001PMID:18367785

Costa,C.,Ferreira,C.,Bastião,L.,Ribeiro,L.,Silva,A.,&Oliveira,J.L.(2011).Dicoogle-anOpenSourcePeer-
to-PeerPACS.Journal of Digital Imaging,24(5),848–856.doi:10.1007/s10278-010-9347-9PMID:20981467

El-Sharkawy,A.-M.M.,Qian,D.,Bottomley,P.A.,&Edelstein,W.A.(2012).Amultichannel,real-timeMRIRF
powermonitorforindependentSARdetermination.Medical Physics,39(5),2334–2341.doi:10.1118/1.3700169
PMID:22559603

Eurostat.(2019).Healthcare resource statistics - technical resources and medical technology.Retrievedfrom
https://ec.europa.eu/eurostat/statistics-explained/index.php/Healthcare_resource_

Fiedler, T. M., Ladd, M. E., & Bitz, A. K. (2018). SAR Simulations & Safety. NeuroImage, 168, 33–58.
doi:10.1016/j.neuroimage.2017.03.035PMID:28336426

FoodandDrugAdministration(FDA).(2014).Criteria for Significant Risk Investigations of Magnetic Resonance 
Diagnostic Devices - Guidance for Industry and Food and Drug Administration Staff.Retrievedfromhttps://
www.fda.gov/regulatory-information/search-fda-guidance-documents/criteria-significant-risk-investigations-
magnetic-resonance-diagnostic-devices-guidance-industry-and

Formica,D.,&Silvestri,S.(2004).Biologicaleffectsofexposuretomagneticresonanceimaging:Anoverview.
Biomedical Engineering Online,3(1),11.doi:10.1186/1475-925X-3-11PMID:15104797

Hartwig,V.(2015).EngineeringforsafetyassuranceinMRI:Analytical,numericalandexperimentaldosimetry.
Magnetic Resonance Imaging,33(5),681–689.doi:10.1016/j.mri.2015.02.001PMID:25660641

Hartwig,V.,Tassano,S.,Mattii,A.,Vanello,N.,Positano,V.,Santarelli,M.F.,Landini,L.,&Giovannetti,
G.(2013).ComputationalAnalysisofaRadiofrequencyKneeCoilforLow-FieldMRIUsingFDTD.Applied 
Magnetic Resonance,44(3),389–400.doi:10.1007/s00723-012-0388-8

InternationalCommissiononNon-IonizingRadiationProtection(ICNIRP).(2004).Medicalmagneticresonance
(MR)procedures:Protectionofpatients.Health Physics,87(2),197–216.doi:10.1097/00004032-200408000-
00008PMID:15257220

Kalinowski,P.,&Fidler,F.(2010).InterpretingSignificance:TheDifferencesBetweenStatisticalSignificance,
EffectSize,andPracticalImportance.Newborn and Infant Nursing Reviews; NAINR,10(1),50–54.doi:10.1053/j.
nainr.2009.12.007

Khalilzadeh,J.,&Tasci,A.D.A.(2017).Largesamplesize,significancelevel,andtheeffectsize:Solutions
toperilsofusingbigdataforacademicresearch.Tourism Management,62(October),89–96.doi:10.1016/j.
tourman.2017.03.026

http://dx.doi.org/10.1148/rg.275075023
http://www.ncbi.nlm.nih.gov/pubmed/17848701
http://dx.doi.org/10.1148/rg.262055063
http://www.ncbi.nlm.nih.gov/pubmed/16549614
http://dx.doi.org/10.1016/j.jacr.2008.04.003
http://www.ncbi.nlm.nih.gov/pubmed/18585665
http://dx.doi.org/10.1002/jmri.24689
http://dx.doi.org/10.1002/jmri.24689
http://www.ncbi.nlm.nih.gov/pubmed/24976608
http://dx.doi.org/10.1148/rg.295095041
http://dx.doi.org/10.1148/rg.295095041
http://www.ncbi.nlm.nih.gov/pubmed/19755605
http://dx.doi.org/10.1088/0031-9155/53/6/001
http://www.ncbi.nlm.nih.gov/pubmed/18367785
http://dx.doi.org/10.1007/s10278-010-9347-9
http://www.ncbi.nlm.nih.gov/pubmed/20981467
http://dx.doi.org/10.1118/1.3700169
http://www.ncbi.nlm.nih.gov/pubmed/22559603
https://ec.europa.eu/eurostat/statistics-explained/index.php/Healthcare_resource_
http://dx.doi.org/10.1016/j.neuroimage.2017.03.035
http://www.ncbi.nlm.nih.gov/pubmed/28336426
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/criteria-significant-risk-investigations-magnetic-resonance-diagnostic-devices-guidance-industry-and
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/criteria-significant-risk-investigations-magnetic-resonance-diagnostic-devices-guidance-industry-and
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/criteria-significant-risk-investigations-magnetic-resonance-diagnostic-devices-guidance-industry-and
http://dx.doi.org/10.1186/1475-925X-3-11
http://www.ncbi.nlm.nih.gov/pubmed/15104797
http://dx.doi.org/10.1016/j.mri.2015.02.001
http://www.ncbi.nlm.nih.gov/pubmed/25660641
http://dx.doi.org/10.1007/s00723-012-0388-8
http://dx.doi.org/10.1097/00004032-200408000-00008
http://dx.doi.org/10.1097/00004032-200408000-00008
http://www.ncbi.nlm.nih.gov/pubmed/15257220
http://dx.doi.org/10.1053/j.nainr.2009.12.007
http://dx.doi.org/10.1053/j.nainr.2009.12.007
http://dx.doi.org/10.1016/j.tourman.2017.03.026
http://dx.doi.org/10.1016/j.tourman.2017.03.026


International Journal of E-Health and Medical Communications
Volume 12 • Issue 1 • January-March 2021

30

Kim,S.J.,&Kim,K.A. (2017).Safety issuesandupdatesunderMRenvironments.European Journal of 
Radiology,89,7–13.doi:10.1016/j.ejrad.2017.01.010PMID:28267552

Kraff,O.,&Ladd,M.E.(2016).MRSafetyUpdate2015:WhereDotheRisksComeFrom?Current Radiology 
Reports,4(34),1–7.doi:10.1007/s40134-016-0163-y

Ma,W.,Chen,L.,Yang,Y.,Zhou,Y.,&Xu,B.(2016).Empiricalanalysisofnetworkmeasuresforeffort-aware
fault-pronenessprediction.Information and Software Technology,69,50–70.doi:10.1016/j.infsof.2015.09.001

Macbeth,G.,Razumiejczyk,E.,&Ledesma,R.D.(2011).Cliff’sDeltaCalculator:Anon-parametriceffect
sizeprogramfortwogroupsofobservations.Universitas Psychologica,10(2),545–555.doi:10.11144/Javeriana.
upsy10-2.cdcp

Machata,A.M.,Willschke,H.,Kabon,B.,Prayer,D.,&Marhofer,P.(2009).Effectofbrainmagneticresonance
imagingonbodycore temperature in sedated infants andchildren.British Journal of Anaesthesia,102(3),
385–389.doi:10.1093/bja/aen388PMID:19174372

Malik,S.J.,Beqiri,A.,Price,A.N.,Teixeira,J.N.,Hand,J.W.,&Hajnal,J.V.(2015).Specificabsorptionrate
inneonatesundergoingmagneticresonanceproceduresat1.5Tand3T.NMR in Biomedicine,28(3),344–352.
doi:10.1002/nbm.3256PMID:25594939

Meliadò,E.F.,vandenBerg,C.A.T.,Luijten,P.R.,&Raaijmakers,A.J.E.(2019).Intersubjectspecific
absorptionratevariabilityanalysisthroughconstructionof23realisticbodymodelsforprostateimagingat7T.
Magnetic Resonance in Medicine,81(3),2106–2119.doi:10.1002/mrm.27518PMID:30414210

Mugler,J.P. III. (2014).Optimizedthree-dimensionalfast-spin-echoMRI.Journal of Magnetic Resonance 
Imaging,39(4),745–767.doi:10.1002/jmri.24542PMID:24399498

Nakaura,T.,Kidoh,M.,Maruyama,N.,Kawahara,T.,Namimoto,T.,Sakai,Y.,Harada,K.,&Yamashita,Y.
(2013).UsefulnessoftheSPACEpulsesequenceat1.5TMRcholangiography:Comparisonofimagequality
andimageacquisitiontimewithconventional3D-TSEsequence.Journal of Magnetic Resonance Imaging,38(5),
1014–1019.doi:10.1002/jmri.24033PMID:24105679

National Electrical Manufacturers Association. (2019). Digital Imaging and Communications in Medicine 
(DICOM) Standard: PS3.3 2019d - Information Object Definitions.Retrievedfromhttps://www.dicomstandard.
org/current/

Ono,A.,Arao,S.,Takata,S.,Gotanda,T.,Gotanda,R.,&Tabuchi,A.(2019).EffectofWeightInputinMagnetic
Resonance Imaging System on Radio-Frequency-Induced Heating of Metallic Implants. In L. Lhotska, L.
Sukupova,I.Lacković,&G.S.Ibbott(Eds.),World Congress on Medical Physics and Biomedical Engineering 
2018(pp.11–14).Singapore:SpringerSingapore.doi:10.1007/978-981-10-9038-7_3

Pianykh,O.S.(2012).Digital Imaging and Communications in Medicine (DICOM): A Practical Introduction 
and Survival Guide(2nded.).Springer-VerlagBerlinHeidelberg.doi:10.1007/978-3-642-10850-1

Qian,D.,El-Sharkawy,A.-M.,Bottomley,P.,&Edelstein,W.(2013).AnRFdosimeterforindependentSAR
measurementinMRIscanners.Medical Physics,40(12),122303.doi:10.1118/1.4829527PMID:24320534

Shah,N.J.,Kaffanke,J.B.,&Romanzetti,S.(2009).RepetitiontimeandflipanglevariationinSPRITEimaging
foracquisitiontimeandSARreduction.Journal of Magnetic Resonance (San Diego, Calif.),199(2),136–145.
doi:10.1016/j.jmr.2009.01.036PMID:19447652

Shellock,F.G.,&Crues,J.V.(2004).MRProcedures:BiologicEffects,Safety,andPatientCare.Radiology,
232(3),635–652.doi:10.1148/radiol.2323030830PMID:15284433

Srinivasan,S.,Kroeker,R.M.,Gabriel,S.,Plotnik,A.,Godinez,S.R.,Hu,P.,Halnon,N.,Finn,J.P.,&Ennis,
D.B.(2016).Free-BreathingVariableFlipAngleBalancedSSFPCardiacCineImagingwithReducedSARat
3T.Magnetic Resonance in Medicine,76(4),1210–1216.doi:10.1002/mrm.26011PMID:26509846

Stralka,J.P.,&Bottomley,P.A.(2007).APrototypeRFDosimeterforIndependentMeasurementoftheAverage
SpecificAbsorptionRate(SAR)DuringMRI.Journal of Magnetic Resonance Imaging,26(5),1296–1302.
doi:10.1002/jmri.21141PMID:17969145

http://dx.doi.org/10.1016/j.ejrad.2017.01.010
http://www.ncbi.nlm.nih.gov/pubmed/28267552
http://dx.doi.org/10.1007/s40134-016-0163-y
http://dx.doi.org/10.1016/j.infsof.2015.09.001
http://dx.doi.org/10.11144/Javeriana.upsy10-2.cdcp
http://dx.doi.org/10.11144/Javeriana.upsy10-2.cdcp
http://dx.doi.org/10.1093/bja/aen388
http://www.ncbi.nlm.nih.gov/pubmed/19174372
http://dx.doi.org/10.1002/nbm.3256
http://www.ncbi.nlm.nih.gov/pubmed/25594939
http://dx.doi.org/10.1002/mrm.27518
http://www.ncbi.nlm.nih.gov/pubmed/30414210
http://dx.doi.org/10.1002/jmri.24542
http://www.ncbi.nlm.nih.gov/pubmed/24399498
http://dx.doi.org/10.1002/jmri.24033
http://www.ncbi.nlm.nih.gov/pubmed/24105679
https://www.dicomstandard.org/current/
https://www.dicomstandard.org/current/
http://dx.doi.org/10.1007/978-981-10-9038-7_3
http://dx.doi.org/10.1007/978-3-642-10850-1
http://dx.doi.org/10.1118/1.4829527
http://www.ncbi.nlm.nih.gov/pubmed/24320534
http://dx.doi.org/10.1016/j.jmr.2009.01.036
http://www.ncbi.nlm.nih.gov/pubmed/19447652
http://dx.doi.org/10.1148/radiol.2323030830
http://www.ncbi.nlm.nih.gov/pubmed/15284433
http://dx.doi.org/10.1002/mrm.26011
http://www.ncbi.nlm.nih.gov/pubmed/26509846
http://dx.doi.org/10.1002/jmri.21141
http://www.ncbi.nlm.nih.gov/pubmed/17969145


International Journal of E-Health and Medical Communications
Volume 12 • Issue 1 • January-March 2021

31

Tsai,L.L.,Grant,A.K.,Mortele,K.J.,Kung,J.W.,&Smith,M.P.(2015).APracticalGuidetoMRImaging
Safety: What Radiologists Need to Know. Radiographics, 35(6), 1722–1737. doi:10.1148/rg.2015150108
PMID:26466181

Wang,Z.,&Collins,C.M.(2010).EffectofRFPulseSequenceonTemperatureElevationforaGivenTime-
AverageSAR.Concepts in Magnetic Resonance. Part B, Magnetic Resonance Engineering,37B(4),215–219.
doi:10.1002/cmr.b.20172PMID:21116480

http://dx.doi.org/10.1148/rg.2015150108
http://www.ncbi.nlm.nih.gov/pubmed/26466181
http://dx.doi.org/10.1002/cmr.b.20172
http://www.ncbi.nlm.nih.gov/pubmed/21116480


International Journal of E-Health and Medical Communications
Volume 12 • Issue 1 • January-March 2021

32

APPENDIX A

AbbreviationsUsedinThisWork

·.csv:comma-separatedvalues
·µs:microsecond
·BMI:bodymassindex
·cm:centimeter
·DICOM:DigitalImagingandCommunicationsinMedicine
·Epi:echoplanarimaging
·FDA:FoodandDrugAdministration
·FDTD:FiniteDifferenceTimeDomain
·Fid:freeinductiondeca
·Flash:fastlowangleshot
·FOV:fieldofview
·GRE:gradientech
·Haste:half-Fourieracquisitionsingle-shotturbospin-echo
·ICNIRP:InternationalCommissiononNon-IonizingRadiationProtection
·IEC:InternationalElectrotechnicalCommission
·IR:inversionrecovery
·kg/m2:kilogrampersquaremeter
·kg:kilogram
·MPRAGE:magnetizationpreparedrapidgradientecho
·MR:magneticresonance
·mT/m:militeslapermeter
·PACS:PictureArchivingandCommunicationSystems
·pSq:pulsesequence(s)
·RF:radiofrequency
·SAR:specificabsorptionrate
·SE:spinecho
·Space:samplingperfectionwithapplicationoptimizedcontrastsusingdifferentflipangleevolutions
·SpaceR:SpaceandRESTORE(tradenameforadrivenequilibrium(fastrecovery)pulse);
·T/m/s:Teslapermeterpersecond
·T:tesla
·T1w:T1weighted
·T2w:T2weighted
·Tse:turbospinecho
·W/kg:wattsperkilogram
·δ:Cliff’sdelta
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