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IMPROVEDMAGNETICTRAJECTORYPREDICTION 

ANDPOSITIONIDENTIFICATION 

PRIORITY 

100011 ThisapplicationclaimsthebenefitofprioritytoU.S.ProvisionalApplication 

No.63/083,624,filedSeptember25,2020,whichisincorporatedbyreferenceinitsentirety 

intothisapplication.  

SUMMAllY 

[0002J Brieflysummarizedembodimentsdisclosedhereinaredirectedtotrackable 

medicaldeviceswithimprovedmagneticlocationororientationidentificationandimproved 

trajectoryprediction.  

[0003J Magneticbasedtrackingsystemssuchasthoseusedtotrackmedicaldevices, 

needlescathetersorthelikerelyondetectingmagneticfieldofamagnetizablecomponent 

associatedwiththetrackablemedicaldevice.Inanembodimentthetrackablemedicaldevice 

canincludeacatheterplacementsystemhavinganeedlethatcanbemagnetizedtoprovidea 

magneticfield. Themagnetictrackingsystemcanbeconfiguredtodetectastrengthor 

signatureofthemagneticfieldtodeterminealocationorientationortrajectoryofaneedleof 

thecatheterplacementsystem.  

[0004J Howeveradditionalcomponentsofthecatheterplacementsystemthatarealso 

signatureofthesesecondarymagneticfieldscanobscureorinterferewiththestrengthor 

signatureofthefirstmagneticfieldinhibitingtheperformanceofthetrackingsystemto 
e 

accuratelydeterminethelocationorientationortrajectoryoftheneedle.Disclosedhereinare 

medicaldevicesincludinganeedleformedofamagnetizablematerialandadditional 

componentsformedofanon-magnetizablematerialtoinhibitobstructionorinterferenceofthe 

firstmagneticfieldfromtheneedle.  

100051 Howeverreplacingcomponentsformedofmagnetizablematerialswiththe 

samecomponentsformedofnon-magnetizablematerialspresentsadditionalproblems.Non

magnetizablematerialspresentdifferentmechanicalpropertiesandassuchtheperformance 

ofthesecomponentscanvarygreatlyleadingtoreducedfunctionorfailureofthemedical 

deviceoverall.Alsodisclosedhereinarecomponentsformedofnon-magnetizablematerials 
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formedofamagnetizablematerialscanprovideadditionalmagneticfields.Thestrengthor
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andconfiguredtoprovidethesamemechanicalperformanceascomponentsformedofthe 

magnetizablematerials.  

100061 Disclosedhereinisatrackablecatheterplacementsystemincludinganeedle 

formedofamagnetizablematerialandmagnetizedtoproduceamagneticfieldhavingoneor 

bothofamagneticfieldstrengthandamagneticfieldsignaturedetectablebyasensorofa 

trackingsystemandaspringformedofanon-magnetizablematerialandconfiguredtodisplay 

thesamemechanicalperformancepropertiesasaspringformedofthemagnetizablematerial.  

[0007J Insomeembodimentsthenon-magnetizablematerialincludescopper, 

berylliumanalloyincludingcopperandberylliumorasilvercoatedcopperberylliumalloy.  

Insomeembodimentsthemagnetizablematerialincludes17-7precipitationhardenedstainless 

steel.InsomeembodimentsthespringincludesawirecorediameterofO.O113+0.001inches.  

Insomeembodimentsthespringincludesbetween30and37activecoils. Income 

embodimentsthespringincludesasolidlengthofbetween0.45inchesand0.49inches.In 

someembodimentsthespringincludesacoilpitchangleofbetween12degreesand16 

degrees.  

[0008J Insomeembodimentsthespringincludesaspringdiameterof0.205+0.005 

inches.Insomeembodimentsthespringincludes3deadcoilsatadistalendand2deadcoils 
S 

ataproximalend.Insomeembodimentsthespnngincludesadistalflareddiameterof0.215 
inches.Insomeembodimentsthetrackingsystemincludesapassivemagnetictrackingsystem 

systemincludesanelectro-magnetictrackingsystemconfiguredtodetectamagneticfield 

signatureoftheneedle.  

[0009J Alsodisclosedisamethodoftrackingacatheterplacementsystemincluding, 

providingacatheterplacementsystemhavinganeedleformedofamagnetizablematerialand 

aspringformedofanon-magnetizablematerialandconfiguredtodisplaythesamemechanical 

propertiesasaspringformedofthemagnetizablematerialmagnetizingthecatheterplacement 

systemproducingamagneticfieldfromtheneedlehavingamagneticfieldstrengthora 

magneticfieldsignatureanddetectingthemagneticfieldbyasensorofatrackingsystem.  

100101 Insomeembodimentsthenon-magnetizablematerialincludescopper, 

berylliumanalloyincludingcopperandberylliumorasilvercoatedcopperberylliumalloy.  

Insomeembodimentsthemagnetizablematerialincludesaferrousmaterialsteelstainless 
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configuredtodetectamagneticfieldstrengthoftheneedle.Insomeembodimentsthetracking
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steel,304-stainlesssteelor17-7precipitationhardenedstainlesssteel.Insomeembodiments, 

thespringincludesawirecorediameterof0.0113+0.001inches.Insomeembodimentsthe 

springincludesbetween30and37activecoils.Insomeembodimentsthespringincludesa 

solidlengthofbetween0.45inchesand0.49inches.Insomeembodimentsthespringincludes 

acoilpitchangleofbetween12degreesand16degrees.  

100111 Insomeembodimentsthespringincludesaspringdiameterof0.205+0.005 

inches.Insomeembodimentsthespringincludes3deadcoilsatadistalendand2deadcoils 
S 

ataproximalend.Insomeembodimentsthespnngincludesadistalflareddiameterof0.215 
inches. Insomeembodimentsthemethodfurtherincludesdeterminingoneofalocation 

orientationortrajectoryoftheneedle.Insomeembodimentsthetrackingsystemincludesa 

passivemagnetictrackingsystemconfiguredtodetectamagneticfieldstrengthoftheneedle.  

Insomeembodimentsthetrackingsystemincludesanelectro-magnetictrackingsystem 

configuredtodetectamagneticfieldsignatureoftheneedle.  

[0012J Alsodisclosedisamethodofmanufacturingatrackablemedicaldevice 

includingprovidingamedicaldeviceincludinganeedleextendingfromadistalendofabody 

andaspringdisposedwithinthebodytheneedleconfiguredtoaccessavasculatureofapatient 

andformedofoneof304-stainlesssteelor17-7precipitationhardenedstainlesssteelthe 

springincludingcopperandberylliumplacingaportionofthemedicaldevicewithina 

magnetizerthatincludesamagneticelementmagnetizingtheneedleandthespringand 

DRAWThTGS 

[0013J Amoreparticulardescriptionofthepresentdisclosurewillberenderedby 

referencetospecificembodimentsthereofthatareillustratedintheappendeddrawings.Itis 

appreciatedthatthesedrawingsdepictonlytypicalembodimentsoftheinventionandare 

thereforenottobeconsideredlimitingofitsscope.Exampleembodimentsoftheinvention 

willbedescribedandexplainedwithadditionalspecificityanddetailthroughtheuseofthe 

accompanyingdrawingsinwhich: 

[0014J FIG.lAshowsaperspectiveviewofanexemplarymedicaldevice in 

accordancewithembodimentsdisclosedherein.  

3 

providingafirstmagneticsignalfromtheneedle.



WO2022/067108 PCT/IJS2021/052066 

I00151 FIG.lBshowsanexplodedviewofanexemplarymedicaldevicein 

accordancewithembodimentsdisclosedherein.  

100161 FIG.2Ashowsanexemplarytrackingsystemusedtotrackamedicaldevice 
S 

includingmagnetizablecomponentsinaccordancewithembodimentsdisclosedherein.  

[0017J FIG.2Bshowsanexemplarytrackingsystemusedtotrackamedicaldevice 
S 

includingnon-magnetizablecomponentsinaccordancewithembodimentsdisclosedherein.  

[0018J FIG.3showsconfigurationdetailsofanexemplaryspringinaccordancewith 

embodimentsdisclosedherein.  

[0019J FIG.4Ashowsaperspectiveviewofanexemplarymagnetizerthatcan 
S 

magnetizethemedicaldeviceofFIG.lAinaccordancewithembodimentsdisclosedherein.  

[0020J FIG.4BshowsanexplodedviewthemagnetizerdeviceofFIG.4Ain 

accordancewithembodimentsdisclosedherein.  

[0021J FIG.5Ashowsaperspectiveviewofasensorofatrackingsystemincluding 

thex-axisandthez-axisinaccordancewithembodimentsdisclosedherein.  

[0022J FIG.SBshowsasideviewofasensorofatrackingsystemincludingthez-axis 

andthey-axisinaccordancewithembodimentsdisclosedherein.  

S 

devicesinaccordancewithembodimentsdisclosedherein.  

DESCRIPTION 

[0024J Beforesomeparticularembodimentsaredisclosedingreaterdetailitshouldbe 

understoodthattheparticularembodimentsdisclosedhereindonotlimitthescopeofthe 

conceptsprovidedherein.Itshouldalsobeunderstoodthataparticularembodimentdisclosed 

hereincanhavefeaturesthatcanbereadilyseparatedfromtheparticularembodimentand 

optionallycombinedwithorsubstitutedforfeaturesofanyofanumberofotherembodiments 

disclosedherein.  

[0025J Regardingtermsusedhereinitshouldalsobeunderstoodthetermsareforthe 

purposeofdescribingsomeparticularembodimentsandthetermsdonotlimitthescopeofthe 

4 

[0023J FIGS.6A-6Dshowbarchartsoftheresultsfromtestingexemplarymedical
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conceptsprovidedherein.Ordinalnumbers(e.g.,firstsecondthirdetc.)aregenerallyused 

todistinguishoridentifydifferentfeaturesorstepsinagroupoffeaturesorstepsanddonot 

supplyaserialornumericallimitation.Forexample,"first" "second" and"third"featuresor 

stepsneednotnecessarilyappearinthatorderandtheparticularembodimentsincludingsuch 

featuresorstepsneednotnecessarilybelimitedtothethreefeaturesorsteps.Labelssuchas 

"left" "right,""top,""bottom" "front" "back,"andthelikeareusedforconvenienceandare 

notintendedtoimplyforexampleanyparticularfixedlocationorientationordirection.  
S 

Insteadsuchlabelsareusedtoreflectforexamplerelativelocationonentationordirections.  

Singularformsof"a,""an and"the"includepluralreferencesunlessthecontextclearly 

dictatesotherwise.  

100261 Withrespectto"proximal, aproximalpo~ion~~oraproximalendportion 

offorexampleaneedledisclosedhereinincludesaportionoftheneedleintendedtobenear 

aclinicianwhentheneedleisusedonapatient.Likewiseaproximallength"offorexample, 

theneedleincludesalengthoftheneedleintendedtobeneartheclinicianwhentheneedleis 

usedonthepatient.A"proximalend"offorexampletheneedleincludesanendoftheneedle 

intendedtobeneartheclinicianwhentheneedleisusedonthepatient.Theproximalportion 

theproximalendportionortheproximallengthoftheneedlecanincludetheproximalendof 

theneedle;howevertheproximalportiontheproximalendportionortheproximallengthof 

theneedleneednotincludetheproximalendoftheneedle.Thatisunlesscontextsuggests 

otherwisetheproximalportiontheproximalendportionortheproximallengthoftheneedle 

[0027J Withrespectto'distal,"a"distalportion"ora'distalendportion"offor 

exampleaneedledisclosedhereinincludesaportionoftheneedleintendedtobenearorina 

patientwhentheneedleisusedonthepatient.Likewisea"distallength"offorexamplethe 

needleincludesalengthoftheneedleintendedtobenearorinthepatientwhentheneedleis 

usedonthepatient.A"distalend"offorexampletheneedleincludesanendoftheneedle 

intendedtobenearorinthepatientwhentheneedleisusedonthepatient.Thedistalportion 

thedistalendportionorthedistallengthoftheneedlecanincludethedistalendoftheneedle 

howeverthedistalportionthedistalendportionorthedistallengthoftheneedleneednot 

includethedistalendoftheneedle. ThatS 
isunlesscontextsuggestsotherwisethedistal 

portionthedistalendportionorthedistallengthoftheneedleisnotaterminalportionor 

terminallengthoftheneedle.  

5 

isnotaterminalportionorterminallengthoftheneedle.
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100281 Toassistinthedescriptionofembodimentsdescribedhereinandasshownin 

FIG.lAalongitudinalaxisextendssubstantiallyparalleltoanaxiallengthofaneedle102.  

Alateralaxisextendsnormaltothelongitudinalaxisandatransverseaxisextendsnormalto 

boththelongitudinalandlateralaxes.  

[0029J Asusedhereinamagneticstrength"isdefinedasanabsolutemeasurementof 

amagneticfieldstrength.Asusedhereinamagneticsignatureisdefinedasadifferencein 

oneormoreparametersthatdefineanelectro-magneticfield.Forexampleawavelengthwave 

frequencywaveamplitudecombinationsthereoforthelike.  

[0030J Unlessdefinedotherwisealltechnicalandscientifictermsusedhereinhavethe 

samemeaningascommonlyunderstoodbythoseofordinaryskillintheart.  

[0031J FIGS.lA-lBshowdetailsofanexemplarymedicaldevice100generally 

includinganelongatecanriulaorneedle102extendingalongalongitudinalaxisandsupported 

ataproximalendbyahubhousingorelongatebody104.Inanembodimentthemedical 

device100canincludeacatheterplacementsystemneedlecannulatrocarstyletguidewire, 

orsimilarelongatemedicaldeviceincludingaportionconfiguredtobeinsertedsubcutaneously 

intoapatient.InanembodimentthecatheterplacementsystemcanbeanACCUCATHTM 

catheterplacementsystemorthelike.Asusedhereinanexemplarymedicaldevice100may 

alsobereferredtoasacatheterplacementsystem100howeverthisisnotintendedtobe 

limiting.Similarlythebody104isalsonotintendedtobelimitingandcanalsoincludevarious 

willbeappreciatedthatasusedhereintheterm medicaldevice"isexemplaryandnot 

intendedtobelimitingandembodimentsdescribedhereincanbeusedforanydevicethatcan 

betrackedbyamagnetictrackingsystem.Forexampletrackabledevicesusedwithinthe 

constructionindustrysurveyingorthelike.  

[0032J Inanembodimenttheneedle102candefinealumen106extendingalongthe 

longitudinalaxisandprovidingfluidcommunicationbetweenadistaltip108oftheneedle102 

andaproximalend110oftheneedle102.Inanembodimenttheneedle102orcannulacan 

defineasharpeneddistaltip108.Inanembodimentthemedicaldevice100canincludea 

catheter120,sheathorsimilartubulardevicedisposedonanoutersurfaceoftheneedle102.  

Thecatheter120canbesupportedbyacatheterhub122.Thecatheter120canbeselectively 

detachablefromtheneedle102. Inanembodimentthemedicaldevice100canincludea 

6 

handleshousingsconnectorsextensionlegsorsimilarsupportorconnectingstructures.It
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secondelongatemedicaldevicee.g.aguidewire112,orthelikeextendingthroughtheneedle 

lumen106.Inanembodimentthesecondelongatemedicaldevicecanbeformedofanon

magnetizablematerialasdescribedherein.  

100331 Inanembodimenttheneedle102canbeslidablyengagedwiththebody104 
e 

alongthelongitudinalaxis.Inanembodimentthemedicaldevice100canincludeaneedle 

retractionsystem130.Theneedleretractionsystem130canbeconfiguredtowithdrawthe 

needle102proximallyintothebody104afterthecatheter120hasbeenplacedsuccessfully.  

Advantageouslytheneedle102canbewithdrawnintothebody104tomitigateaccidental 

needlestickinjuriesand/ormitigatecontaminationoffluidse.g.blooddisposedthereon.  

[0034J Theneedleretractionsystem130canincludeanactuator132andabiasing 

member134,e.g.compression spnngorthelikedisposedwithinaportionofthebody104.  

Thebiasingmember134canbecoupledtotheneedle102andcanbiastheneedle102towards 

aretractedpositiondisposedwithinthebody104.Theactuator132canbeconfiguredtoretain 

theneedle102inanextendedpositionwhereaportionoftheneedle102isdisposeddistally 

ofadistalendofthehousing104,e.g.asshowninFIG.1. Actuatingtheactuator132can 

allowthebiasingmember134tourgetheneedletowardstheretractedpositionwithinthebody 

104.Furtherdetailsofcatheterplacementsystemsincludingneedleretractionsystemscanbe 

foundinU.S.PatentNo.5,865,806wU.S.PatentNo.5,911,705,U.S.PatentNo.8,728,035 

U.S.PatentNo.9,162,037wandU.S.PatentNo.10,220,191,eachofwhichareincorporatedby 

[0035J Inanembodimentthemedicaldevice100canincludeabloodflashindicator 

136influidcommunicationwiththeneedle.Thebloodflashindicator136canbeconfigured 

toindicatewhenadistaltipoftheneedle108hasaccessedavasculatureofapatient.Inan 

embodimentthemedicaldevice100canincludeaguidewireadvancementassembly140 

slidablyengagedwiththebody104andconfiguredtoselectivelyadvanceaguidewire112 

throughaneedlelumen106andintoavasculatureofthepatient. Inanembodimentthe 

medicaldevice100canincludeacap114disposedovertheneedle102extendingfromthe 

distalendofthebody104,andselectivelyremovabletherefromandconfiguredtoprotectthe 

needle102duringstorageortransport.  

[0036J Inanembodimentaportionofthemedicaldevice100canbemagnetizede.g.  

needle102 andusedwithvarioustrackingsystemsthatemployoneormoretracking 

7 

referenceintheirentiretyintothisapplication.
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modalities. Exempianymodalitiescanincludeultrasoundpassive("permanent")magnetic 

trackingelectro-magnetictrackingcombinationsthereoforthelike.  

100371 FIGS.2A-2Bshowdetailsofanexemplarytrackingsystem220.Thetracking 

system220cangenerallyincludeaprobe222communicativelycoupledtoaconsole226.The 

probe222canincludeanultrasoundtransducerandoneormoresensors224.Theultrasound 

transducercanbeconfiguredtoemitandreceiveacousticsignalstoprovideanimageofa 

subcutaneoustargetlocatione.g.atargetvesselorthelike.Theoneormoresensors224can 

beconfiguredtodetectoneormoremodalitiese.g.magneticfieldelectro-magneticfieldor 

thelike. Inanembodimentthetrackingsystem220canutilizeanultrasoundmodalityto 

imageasubcutaneoustargetareaandalsouseamagneticmodalitytotrackapositionofthe 

medicaldevice100relativetotheprobe222.Thetrackingsystem220canfurtherincludea 

console226havingadisplayconfiguredtoshowboththeimagedsubcutaneoustargetareaas 

wellasthepositionofthemedicaldevice100relativetothetargetarea.  

[0038J Inanembodimentthemedicaldevice100,oraportionthereofcanincludea 

magnetizablematerialforexampleametalalloycompositesteelstainlesssteel,304-stainless 

steel,17-7PrecipitationHardenedStainlessSteel("17-7PH55"),orsimilarmagnetizable 

material.Inanembodimenttheneedle102ofthemedicaldevice100canbeformedofa 

magnetizablematerialandcanbemagnetizedtoprovideapassive("permanent")magnetic 

field.Inanembodimentthemedicaldevice100canincludeonemorecomponentsconfigured 

toproduceanelectro-magneticfieldfromtheneedle102.Assuchthemagnetizedmedical 

220. Thetrackingsystem200candetectandanalyzethestrengthand/orsignatureofthe 

magneticfieldanddetermineapositionorientationortrajectoryofthemedicaldevice100 

relativetothetrackingsystem220.  

[0039J Furtherdetailsofsuchmulti-modaltrackingsystemscanbefoundforexample, 

inU.S.8,388,541,U.S.8,971,994,U.S.9,492,097,U.S.9,636,031, U.S.10,238,418, 

U.S.10,966,630, U.S. 11,027,101, U.S. 2018/0116551, U.S. 2018/0304043, 

U.S.2019/0069877,U.S.2019/0099108,U.S.2020/0054858,U.S.2020/0237255,and 

U.S.2020/0345983,eachofwhichareincorporatedbyreferenceintheirentiretyintothis 

application.  

8 

device100createsamagneticfieldthatcanbedetectedbytheprobe222ofthetrackingsystem



WO2022/067108 PCT/IJS2021/052066 

100401 WithcontinuedreferencetoFIG.2Aanexemplarymedicaldevicecaninclude 

oneormorecomponentse.g.spring134,whichareseparatefromthemagnetizedneedle102, 

andalsoformedofamagnetizablemateriale.g.steel. Theoneormorecomponentscan 

includespringsclipsneedlesafetyclipsguidewireadvancementassembliesbloodflash 

indicatorsportionsthereoforsimilarstructuresthatrelyonsteelorsimilarferrousmaterialto 

providepreferredmechanicalpropertiesandprovideadesiredperformanceofmechanical 

functions.Thesecomponentsalthoughmaynotbeintentionallymagnetizedmaystillprovide 

asecondmagneticsignal242thatisdifferentinstrengthand/ormagneticsignaturefromthe 

firstmagneticsignal240oftheneedle102.  

[0041J Thesecondmagneticsignal242ofthecomponentscanobscureorinterferewith 

thefirstmagneticsignal240oftheneedle102,makingthefirstmagneticsignal240harderto 

distinguishandreducingtheaccuracyofthetrackingsystem220topredictalocation 

onentationortrajectoryoftheneedle102.  

[0042J Inanembodimentthesecondmagneticsignal242canobscurethestrengthof 

thefirstmagneticsignal240byprovidingasecondmagneticsignal242havingasecond 

magneticfieldstrength. Thissecondmagneticfieldstrengthor"backgroundnoise can 

reducethesignaltonoiseratiobetweenthefirstmagneticsignal240relativetothebackground 

noisemakingthefirstmagneticsignal240hardertodistinguishorobscuringthefirstmagnetic 

signal240altogether.  

interferewiththesignatureofthefirstmagneticsignal240. Forexamplewherethefirst 

magneticsignal240isprovidedasanelectro-magneticwavehavingadistinctmagnetic 

signaturethesecondmagneticsignal242caninterferewiththefirstmagneticsignal240 

throughconstructiveordestructivewavesorthelike.Theobstructionorinterferenceofthe 

firstmagneticsignal240bythesecondmagneticsignal242canbetermedasprovidinga 

"dirty"signalthatcanreducetheaccuracyofthetrackingsystem220indeterminingalocation 

orientationortrajectoryofthemedicaldevice100.  

[0044J AsshowninFIG.2Binanembodimentthemedicaldevice100caninclude 

componentsformedofanon-magnetizablemateriale.g.non-magnetizablespring334.  

Exemplarynon-magnetizablematerialscanincludenon-ferrousmetals alloysplastics, 

polymerscopperberylliumcopperberylliumalloyssilvercoatedcopperberylliumorthe 

9 

[0043J Inanembodimentthesecondmagneticsignal242ofthecomponentscan
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like.Thenon-magnetizablecomponents334providelittleornomagneticsignalandassuch, 

themedicaldevice100providesonlythefirst,"clean magneticsignal240,e.g.fromthe 

needle102. Thefirstmagneticsignal240isunobstructedand/orun-interferedbyany 

secondarymagneticsignals.Thesignalstrengthisdiscernableaboveareducedbackground 
S noisei.e.alargersignaltonoiseratioandthesignatureofthesignalisnotinterferedwith.  

Thisincreasestheaccuracyoftrackingsystem220totrackandpredictthelocationorientation 

ortrajectoryofthemedicaldevice100.  

100451 Itisimportanttonotehoweverthatnon-magnetizablemetalsalloysplastics, 

polymerscopperberylliumcopperberylliumalloyssilvercoatedcopperberylliumorthe 

likedisplaydifferentmechanicalpropertiesfromthatofmagnetizablematerialse.g.steel, 

stainlesssteel,304-stainlesssteel,17-7PHSSorthelike.Exemplarymechanicalproperties 

canincludedensityminimumtensilestrengthmodulusofelasticity(stretch),modulusof 

torsion(compression),sheerstrengthmalleabilitycombinationsthereoforthelike.Assuch 

themechanicalperformanceofthenon-magnetizablecomponentscandiffersubstantiallyfrom 

non-magnetizablecomponentsleadingtoreducedperformanceorfailureofthemedicaldevice.  
[0046J FIG.3andTable1belowshowconfigurationdetailsofa S 

spnng330formedof 

amagnetizablemateriale.g.304-stainlesssteelandconfigurationdetailsofaspring334 

formedofanon-magnetizablemateriale.g.silvercoatedcopperberyllium. Forexample, 

Table1belowshowsconfigurationdetailsforanexemplarymagnetizablespring330andan 

exemplarynon-magnetizablespring334.Thenon-magnetizablespring334canbeformedof 

magnetizablespring330formedof304-stainlesssteel.Table1belowcomparesthedifferences 

inspnngdesignbetweenamagnetizablespring330andanon-magnetizablespring334.  

TableI:ExampleDifferenceinSpringConfiguration 

ExamleDifferenceinSrinDesin 
SpringMaterial Magnetizable Non-magnetizable 

Spring330 Spring334 
302 WireCore-Diameter[in] 0.010+0.001 0.0113+0.001 
304 ActiveCoils[#] 44 33.5 
306 SolidLength[in] 0.510 0.472 
308 PitchAngle[deg] 11.35 14.2 
310 S 0.195+0.003 0.205+0.005 
312 DeadCoilsatDistalend[#] 4 3 
314 DeadCoilsatProximalend[#] 2 2 
316 DistalFlaredDiameter[in] 0.212 0.215 
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silvercoatedcopperberylliumandprovidethesamemechanicalperformanceasthe
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100471 FIG.3showsanexemplary spnngindicatingtheconfigurationmeasurements 

listedinTable1. Thewirecorediameterparameter(in.)302isthediameterofthewirethat 

formsthe spnng330334.Theactivecoilsparameter(#)304isthenumberofactivecoils 

withinspring330,334.Asshowntheseactivecoils304aredisposedbetweendeadcoils312, 

314disposedateitherendofthespring330,334.Howeveritwillbeappreciatedthatthe 

spring330,334canincludeoneormoreactivecoils304atoneoftheproximalendordistal 

endorcanincludeoneormoredeadcoils312,314disposedatamid-pointofthespring330, 

334.Asolidlengthparameter(in.)306,isthelongitudinallengthofthespringfromaproximal 

endtoadistalend.Apitchangleparameter(deg)308,istheangleofthecoil304,312,314 

relativetoanaxisthatextendsperpendiculartothelongitudinalaxisofthespring330,334.A 

springdiameterparameter(in.)310istheouterdiameterofthespringextendingalonganaxis 
thatextendsperpendiculartothelongitudinal S 

axis.Thedeadcoils(it)atthedistalend312, 

andthedeadcoils(it)attheproximalend314parametersarethenumberofcoilsthatextend 

substantiallyperpendiculartothelongitudinalaxisanddisposedatthedistalendandproximal 

endr espectively.Thedistalflareddiameterparameter(in.)316isthewidestdiameterofthe 

springextendingalonganaxisthatextendsperpendiculartothelongitudinalaxisatoneorboth 

oftheproximalendandthedistalend.  

[0048J Advantageouslythedifferenceinconfigurationofthenon-magnetizablespring 

334fromthatofthemagnetizablespring330providesaspringthathasthesamemechanical 

performancewithlittleornochangeintheoveralldimensionsofthespring.Forexamplea 

wire-coreofthespringcanmodifyamechanicalperformanceofthenon-magnetizablespring 

334tobeequaltothatofamagnetizablespring330whilemaintainingadiameterorlengthof 

thespringassubstantiallythesame. Advantageouslythenon-magnetizablespring334, 

configuredassuchcanbeusedinexistingdesignsofmedicaldevice100toprovidethesame 

mechanicalperformancewithouthavingtoreconfigurethedimensionsofthemedicaldevice 

100toaccommodateacompletelydifferentspring.  

[0049J AsshowninFIGS.4A-4Binanembodimentanexemplarymethodof 

magnetizingthemedicaldevice100isprovided.AsshowninFIG.4Aamagnetizationdevice 

("magnetizer")150isprovidedthatincludesoneormoremagneticelements152. The 

magneticelement152canincludeeitherpermanentmagnetselectro-magnetsorcombinations 

thereof Themagnetizationdevice150canbeconfiguredtoalignthemedicaldevice100 
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differenceinoneofthenumberofactivecoilsapitchangleofthecoilsorthediameterofthe
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relativetothemagneticelements152atapredeterminedorientation.Themagnetizationdevice 

150thenexposesthemedicaldevice100,oraportionthereoftothemagneticelements152to 

magnetizethemedicaldevice100. Exposureofthemedicaldevice100tothemagnetic 

elements152alignstheelectronsofthemetallicportionsofthemedicaldevice100andimparts 

amagneticfieldonthemedicaldevice100.Inanembodimentthefieldlinesofthemagnetic 

fieldarealignedwithanaxisofthemedicaldevice100. Furtherdetailsofexemplary 

magnetizingdevicescanbefoundinU.S.Pub.No.2018/0310955whichisherebyincorporated 

byreferenceinitsentirety.  

[OO5OJ Advantageouslymagnetizingthemedicaldevice100directlyprovidesa 
S 

simplifiedmanufactureprocessreducingcomplexityandimprovingmanufactunngspeedand 

costs. Thisisrelativetoamedicaldevicethatincludesaseparatepermanentmagnetic 

materialincludedwiththemedicaldevice100toprovideamagneticfield. Forexample, 

providinganeedle102ofamedicaldevice100formedofafirstmateriale.g.304stainless 

steelandincludingapermanentmagnetformedofasecondmateriale.g.ferriterequires 

increasedcomplexityincombiningthetwocontrastingmaterialsintotheonedevice.Further 
thedevicerequiresaligningthemagneticfieldwiththe S 

onentationoftheneedle102.Similarly, 

formingamedicaldevice100includinganelectromagneticelementrequiresyetfurther 

complexityinmanufacturingandrequiresapowersource.  

100511 Aswillbeappreciatedoneormorecomponentsofthemedicaldevice100can 

becomemagnetizedwhenthemedicaldevice100isplacedinproximitytothemagnetizer150.  

differentlyrelativetothemagneticelements152ofthemagnetizer150,thesecondarymagnetic 

signal(s)242impartedontheseoneormorecomponentscaninterferewiththeprimary 
S magneticsignal240oftheneedle102asdescribedherein.  

[0052J Inanembodiment amedicaldevice100isprovidedincludinganon

magnetizablespring334beingformedofacopperberylliumcopperberylliumalloysilver 

coatedcopperberylliumorcombinationsthereofandconfiguredasdescribedinTable1.  

Advantageouslythenon-magnetizablespring334canbeparticularlyresistanttobeing 

magnetizedwhenthemedicaldevice100isexposedtothemagnetizer150,therebyreducing 

oreliminatinganysecondarymagneticsignal242orbackgroundnoise"fromthespring334.  

Furtherthespring334formedofcopperberylliumoralloysthereofandconfiguredas 

describedinTable1,canprovidethesameouterdimensionsandthesamemechanical 
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Sincetheseadditionalcomponentse.g.magnetizablespring134,arepositionedandaligned
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performanceasthemagnetizablespring134formedofsteelstainlesssteel,304stainlesssteel, 

orthelike.Assuchthenon-magnetizablespring334canbeplacedwithinthemedicaldevice 

100withoutanyfurtherredesignorreconfigurationofthemedicaldevice100reducing 
inventoryandassociatedcostsinmanufacturingandlogistics.  

Table2:Compositioncomparisonof]7-7StainlessSteeland304StainlessSteel 

Chemical 17-7StainlessSteel(%) 304StainlessSteel(%) 
Chromium 16.0 - 18.0 18.0 - 20.0 

Nickel 6.50 - 7.75 8.0 - 10.5 
Aluminum 0.75 - 1.50 0.00 
Manganese upto 1.00 up to 2.0 

Silicon upto 1.00 upto0.75 
Carbon upto0.09 upto 0.08 

Phosphorus upto0.04 up to 0.045 
Sulfur upto0.03 upto 0.03 

Nitrogen 0.00 upto0.10 
Iron makes up the remainder makes up the remainder 

100531 Inanembodimentthemedicaldevice100canincludeaneedle102formedof 

17-7PH55.Table2abovecomparesthechemicalcompositionof17-7StainlessSteelwith 

thatof304StainlessSteel.Inanembodimentthe17-7stainlesssteelasdetailedinTable2, 

isfurthertreatedusingaprecipitationhardeningprocess.Theprecipitationhardeningprocess 

generallyincludesapplyingasolutiontreatmentthatincludesheatingthe17-7stainlesssteel 

treatmentwhichincludesrapidlycoolingthesolution-soakedmetal.Thisisfollowedbyan 

agingprocesswhichincludesheatingthemetaltoarelativemediumtemperaturefollowedby 

rapidcooling.Theprecipitationhardeningprocesscanbeperformedinavacuumoraninert 

atmosphereandcanincludetemperaturesrangingfrombetween900degreesand1150degrees 

Fahrenheit. Howeveritwillbeappreciatedthathigherandlowertemperaturesarealso 

contemplated.Inanembodimenttheprocesscanrangeinlengthtimefromonetoseveral 

hoursdependingontheexactmaterialandcharacteristicsdesiredalthoughshorterandlonger 

timesarealsocontemplated. Theprecipitationhardeningprocessof17-7stainlesssteel 

provides17-7PH55whichincludesuniformlydispersedparticleswithinthemetal'sgrain 

structure.Thiscanhindermotionoftheparticlesandtherebyprovidingimprovedmechanical 

strengthproperties.  
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toarelativelyhightemperatureandtreatingwithasolution.Thisisfollowedbyaquenching
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100541 The17-7PHSScandisplaycomparableorimprovedmechanicaland 

corrosionresistantpropertiestothatofstandard304stainlesssteel("304SS").Further,17-7 

PHSScandemonstrateimprovedmagneticpermeabilityallowingtheneedle102ofthe 

medicaldevice100todevelopastrongermagneticfieldrelativetodevicesformedof304 

stainlesssteelwhensubjectedtothesamemagnetizationmethodsusingthemagnetizer150, 

asdescribedherein.  

100551 Advantageouslydevicesformedof17-7PH55providesurprisinglyimproved 

trackingpropertiesrelativetosimilardevicesformedof304stainlesssteelAssuchmedical 

devicesformedof17-7PH55canprovideimproveddrop-outdistanceofapproximately 

doublethedistanceanimprovedpairingdistanceofapproximatelydoublethedistancean 

improvedtruepositionvs.calculatedpositionbyreducingtheerrordistancebyuptohalfor 

animprovedimmunitytomagneticinterference. Theimprovedimmunitytomagnetic 

interferencecanbeshownbyreducingtheerrordistancefrombetween340~and5700,asseen 

indevicesformedof304stainlesssteeldowntolessthan30oasseeninsimilardevicesformed 

from17-7PH55,asdescribedinmoredetailherein.(SeeTable4).Furthertherewasless 

variationinmagneticfieldstrengthbetweenindividualneedlesformedof17-7PH55when 

subjectedtothesameprocessesofmagnetization.Furtherneedlesformedof17-7PHSSwere 

moreresistanttodemagnetization.Wordeddifferentlythestrengthofmagneticfieldswere 

morereliable.Assuchinanembodimentamedicaldevice100isprovidedincludinganeedle 

102formedof17-7PH55andaspring334formedofcopperberylliumoralloysthereofand 

magnetizer150toimpartastrongandstablemagneticsignal240ontheneedle102and 

minimizinganysecondarymagneticsignals242beingimpartedonthespring334. This 

providesahighsignal-to-noiseratiobetweentheprimarymagneticsignal240andthe 

secondarymagneticsignal242improvingaccuracyandreliabilityoftrackingtheneedle102 

usingmulti-modaltrackingsystems220,asdescribedherein.  

[0056J Thisinventionisfurtherillustratedbythefollowingexemplaryexperiment(s), 

whicharenottobeconstruedinanywayasimposinglimitationsuponthescopethereofOn 

thecontraryitistobeclearlyunderstoodthatresortmaybehadtovariousotherembodiments, 

modificationsandequivalentsthereofwhichafterreadingthedescriptionherein, maysuggest 

themselvestothoseskilledintheartwithoutdepartingfromthespiritofthepresentinvention 

and/orthescopeoftheappendedclaims.  
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configuredasdetailedinTable1. Assuchthemedicaldevice100canbemagnetizedbya
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Experiment 

100571 Thisexemplaryexperimentshowssuperiorityinthemagnetictracking 

propertiesofexemplaryneedlesformedof17-7PHSScomparedwithexemplaryneedles 

formedof304stainlesssteelwhenmagnetizedbyproximitytoamagneticsourceasdisclosed 

herein.  

Scope 

[0058J Theseexemplarytestresultsillustrateadifferenceinmagnetictracking 

performancebetweenthreeexemplarymagnetizedneedles.  

Materials 

[0059J ThethreeexemplaryneedletypesthatweretestedincludeA)a210needle 

formedof304stainlesssteeleB)an180needleformedof304stainlesssteel;andC)an180 

needleformedof17-7PHSS.Thespecificationsofthethreetypesofneedlesusedinthe 

experimentaresetforthbelowinTable3: 

Table3:Specificationsoft/weetypesofneedlesusedintheexperiment 

Specifications Needle A Needle B Needle C 
Gauge(0) 210 180 180 
Material 304 Stainless Steel 304 Stainless Steel 17-7 PH SS 

configuredfordetectingamagneticfield.Themagnetictrackingpropertieswerequantified 

basedonthepositionofthetestneedle102relativetothesensor224inthree-dimensional 

space.FIGS.SA-SBshowthexyandz- axesasdefinedinthreedimensionalspacerelative 

tothesensor224ofthetrackingsystem220.Thexandz- axesextendhorizontallyandextend 

normallyrelativetoeachothertheyaxisextendsverticallyrelativetothexz axes.Thex 

yandz- axesintersectatacenterpoint218wherethesensor224islocated.  

Methods 

[0061J Themedicaldevice(s)100tobetestedincludedthreeseparateneedles102of 

eachneedletypeABC(SeeTable3),i.e.needleA.1,A.2,A.3,B.1,B.2etc.foratotalof 

nineneedles.Asusedhereina"truedistanceisdefinedasadistancethatisdirectlymeasured 

inthree-dimensionalspace.Asusedhereinacalculateddistanceisdefinedasadistancethat 
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[0060J Thetrackingsystem220includesaprobe222andamagneticsensor224
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ismeasuredbyatrackingsystem220,suchasthosedescribedhereininthree-dimensional 

space.  

100621 Test1)Drop-OutDistance: Asusedherein adrop-outdistanceisthe 

maximumcalculateddistancebetweenthemagnetizedneedle102andthesensor224before 

thesensor224cannolongerdetectthepresenceoftheneedle102.Thetestneedle102was 

pairedwiththetrackingsystem220andthenmovedawayfromthesensor224untilthetracking 

system220failedtodetecttheneedle102i.e.becameunpaired.Thelastknownpositionof 

theneedle102wasthenrecordedfromthetrackingsystem220.  

[0063J Test2)PairingDistance:Asusedhereinapairingdistanceisthemaximum 

truedistancebetweentheneedle102andthesensor224,atwhichthetrackingsystem220can 

detectthepresenceoftheneedle102i.e.asuccessfulpairing.Thetestneedle(s)102were 

positionedatapredeterminedlocationasdefinedbythexyandz axesandasuccessful 

painngatthelocationwasrecorded.Theneedle102wasthenplacedatdifferentpredetermined 

locationsthatwereprogressivelyfurtherfromthesensor224,untilthetrackingsystem220 

couldnolongerpairwiththeneedle102.Thelastknownsuccessfulpairingdistanceforeach 

needle102wasrecorded.  

[0064J Test3)Truepositionvs.Calculatedposition: Asusedhereinthetrue 

positionvs.calculatedpositionisdefinedasacomparisonbetweenthetruelocationofthe 

needle102asmeasuredbytruedistanceinthree-dimensionalspacecomparedwiththe 

needle102isplacedatapredeterminedlocationasdefinedbythexyandz axesandpaired 

withthetrackingsystem220.Thetruepositionasdefinedbythexyz-axesisthencompared 

withthecalculatedpositionasdefinedbythetrackingsystem220andthedifferencesrecorded.  

[0065J Test4)ImmunitytoMagneticInterference: Asusedhereinimmunityis 

definedaschangesinducedbythepresenceofamagneticinterferencesource.Thechanges 

measuredweredifferencesbetweenthetruepositionvs.thecalculatedposition.Theneedle 

102waspairedwiththetrackingdevice220andpositionedatapredeterminedlocationas 

definedbythexyandz axes.Thetruelocationandthecalculatedlocationwererecorded 

withoutamagneticinterferencesourcepresent.Aconstantsourceofmagneticinterference 

(e.g.apermanentmagnet)wasintroducedandthedifferencebetweenthetruepositionvs.the 
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calculatedpositionoftheneedle102,asmeasuredbythetrackingsystem220.Initiallythe
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calculatedpositionwasre-recordedandcompared. Inanembodiment themagnetic 

interferencesourcewaspositionedfurtherfromthesensor224thantheneedle102.  

Data 

100661 FIGS.6A-6Dshowbarchartsillustratingthedatacollected.Thedataisfroma 

totalof9totalneedleswith3needlesofeachtypeasdescribedherein.FIG.6Ashowsthe 

drop-outdistanceforeachneedle. FIG.6Bshowstheaveragedpairingdistanceforeach 

needle.FIG.6Cshowsthedifferencebetweenthetruepositionandthecalculatedpositionfor 

eachneedle.FIG.6Dshowsapercentagechangeinerrorincalculatedpositioninthepresence 

ofamagneticinterferencesource. Itisimportanttonotethatthedatapresentedhereinis 

exemplaryonlyandshouldnotbeconsideredaslimitingtothescopeoftheinvention.  

Results 

[0067J Advantageouslyitwasfoundthatneedlesformedof17-7PHS5,e.g.needle 

Cdisplayedadropoutdistanceandapairingdistancethatwassubstantiallydoublethedrop 

outdistanceandpairingdistanceofneedlesformedof30455,e.g.needleAandneedleB.  

Furthertheimmunityofthe17-7PH55needlesneedleCtoaninterferencesourcewas 

improvedbybetween15to25times.Assuchthecalculatedpositionoftheneedlevariedless 

than30ointhepresenceofthemagneticinterferencesource.Thiscompareswithachangeof 

between340oand570oofthecalculatedpositionforthe30455needlesinthepresenceofthe 

samemagneticinterferencesource. Theresultsoftheexemplarytestsareshownbelowin 

Table4:Resultsoftheexemplarytests 

Tests Needle A Needle B Needle C 
Dro -Out mm 27.0 23.9 50.3 p ci ______ ______ 

Pairin mm 25.0 20.0 50.0 g( I ____________________________________ 

Immunity (mm) 7.2 12.9 0.5 
_____________ error 34.1 56.4 2.5 

TrueVsCaR.(mm) 0.4 1.7 0.4 

[0068J Basedontheseexemplaryresultsneedlesformedof17-7PH55outperforms 

needlesformedof304stainlesssteelinthemeasuredaspectsofmagneticbasedtracking.  

Overalltheneedlesformedof17-7PH55offeragreaterwindowofusewhenusedwith 

magnetictrackingsystemsandareconsiderablylessaffectedbymagneticinterference.  
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100691 Whilesomeparticularembodimentshavebeendisclosedhereinandwhilethe 

particularembodimentshavebeendisclosedinsomedetailitisnottheintentionforthe 
e 

particularembodimentstolimitthescopeoftheconceptsprovidedherein. Additional 
adaptationsand/ormodificationscanappeartothoseofordinaryskillintheartandinbroader 

aspectstheseadaptationsand/ormodificationsareencompassedaswell. Accordingly, 

departuresmaybemadefromtheparticularembodimentsdisclosedhereinwithoutdeparting 
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fromthescopeoftheconceptsprovidedherein.
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CLAIMS 

Whatisclaimedis: 

1. Atrackablecatheterplacementsystemcomprising: 

aneedleformedofamagnetizablematerialandmagnetizedtoproducea 

magneticfieldhavingoneorbothofamagneticfieldstrengthanda 

magneticfieldsignaturedetectablebyasensorofatrackingsystemand 

aspringformedofanon-magnetizablematerialandconfiguredtodisplaythe 

samemechanicalperformancepropertiesasaspringformedofthe 

magnetizablematerial.  

2. Thetrackablecatheterplacementsystemaccordingtoclaim1whereinthenon

magnetizablematerialincludescopperberylliumanalloyincludingcopperandberylliumor 

asilvercoatedcopperberylliumalloy.  

39 Thetrackablecatheterplacementsystemaccordingtoanyoneofclaims1-2, 

whereinthemagnetizablematerialincludes17-7precipitationhardenedstainlesssteel.  

4, Thetrackablecatheterplacementsystemaccordingtoanyoneofclaims1-3, 

whereinthespringincludesawirecorediameterof0.0113+0.001inches.  

5, Thetrackablecatheterplacementsystemaccordingtoanyoneofclaims1-4, 

6. Thetrackablecatheterplacementsystemaccordingtoanyoneofclaims1-5, 

whereinthespringincludesasolidlengthofbetween0.45inchesand0.49inches.  

7. Thetrackablecatheterplacementsystemaccordingtoanyoneofclaims1-6, 

whereinthespringincludesacoilpitchangleofbetween12degreesand16degrees.  

8. Thetrackablecatheterplacementsystemaccordingtoanyoneofclaims1-7, 

whereinthespringincludesaspringdiameterofO.205+0.005inches.  

9. Thetrackablecatheterplacementsystemaccordingtoanyoneofclaims1-8, 

whereinthespringincludes3deadcoilsatadistalendand2deadcoilsataproximalend.  

19 

whereinthespringincludesbetween30and37activecoils.
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10. Thetrackablecatheterplacementsystemaccordingtoanyoneofclaims1-9, 

whereinthespringincludesadistalflareddiameterof0.215inches.  

11. Thetrackablecatheterplacementsystemaccordingtoanyoneofclaims1-10, 

whereinthetrackingsystemincludesapassivemagnetictrackingsystemconfiguredtodetect 

amagneticfieldstrengthoftheneedle.  

12. Thetrackablecatheterplacementsystemaccordingtoanyoneofclaims1- 11, 

whereinthetrackingsystemincludesanelectro-magnetictrackingsystemconfiguredtodetect 

amagneticfieldsignatureoftheneedle.  

13. Amethodoftrackingacatheterplacementsystemcomprising: 

providingacatheterplacementsystemcomprising: 

aneedleformedofamagnetizablematerialsand 

aspringformedofanon-magnetizablematerialandconfiguredtodisplay 

thesamemechanicalpropertiesasaspringformedofthemagnetizable 

materials 

magnetizingthecatheterplacementsystem 

producingamagneticfieldfromtheneedlehavingamagneticfieldstrengthor 

amagneticfieldsignaturesand 

detectingthemagneticfieldbyasensorofatrackingsystem.  

includescopperberylliumanalloyincludingcopperandberylliumorasilvercoatedcopper 

berylliumalloy.  

15. Themethodaccordingtoanyoneofclaims13-14whereinthemagnetizable 

materialincludesaferrousmaterialsteelstainlesssteel,304-stainlesssteelor17-7 

precipitationhardenedstainlesssteel.  

16. Themethodaccordingtoanyoneofclaims13-15,whereinthespringincludes 

awirecorediameterof0.0113+0.001inches.  

17. Themethodaccordingtoanyoneofclaims13-16,whereinthespringincludes 

between30and37activecoils.  
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14. Themethodaccordingtoclaim13whereinthenon-magnetizablematerial
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18. Themethodaccordingtoanyoneofclaims13-17,whereinthespringincludes 

asolidlengthofbetween0.45inchesand0.49inches.  

19. Themethodaccordingtoanyoneofclaims13-18,whereinthespringincludes 

acoilpitchangleofbetween12degreesand16degrees.  

20. Themethodaccordingtoanyoneofclaims13-19,whereinthespringincludes 

aspnngdiameterofO,205+0.005inches.  

21. Themethodaccordingtoanyoneofclaims13-20,whereinthespringincludes 

3deadcoilsatadistalendand2deadcoilsataproximalend.  

22. Themethodaccordingtoanyoneofclaims13-21,whereinthespringincludes 

adistalflareddiameterofO.215inches.  

23. Themethodaccordingtoanyoneofclaims13-22,furtherincludingdetermining 

oneofalocationorientationortrajectoryoftheneedle.  

24. Themethodaccordingtoanyoneofclaims13-23,whereinthetrackingsystem 

includesapassivemagnetictrackingsystemconfiguredtodetectamagneticfieldstrengthof 

theneedle.  

25. Themethodaccordingtoanyoneofclaims13-23, whereinthetrackingsystem 

includesanelectro-magnetictrackingsystemconfiguredtodetectamagneticfieldsignatureof 

26. Amethodof S 

manufactunngatrackablemedicaldevicecomprising: 

providingamedicaldeviceincludinganeedleextendingfromadistalendofa 

bodyandaspringdisposedwithinthebodytheneedleconfiguredtoaccess 

avasculatureofapatientandformedofoneof304-stainlesssteelor17-7 

precipitationhardenedstainlesssteelthespringincludingcopperand 

beryllium 

placingaportionofthemedicaldevicewithinamagnetizerthatincludesa 

magneticelement; 

magnetizingtheneedleandthespring;and 

providingafirstmagneticsignalfromtheneedle.  
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theneedle.
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