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EXPANDABLESHEATHINCLUDINGREVERSEBAYONETLOCKINGHUB 

FIELD 

[0001]Thepresentapplicationisdirectedtoasheathforusewithcatheter-based 

technologiesforrepairingand/orreplacingheartvalvesaswellasfordeliveringanimplant, 

suchasaprostheticvalvetoaheartviathepatient'svasculature.  

BACKGROUND 

[0002]Endovasculardeliverycatheterassembliesareusedtoimplantprostheticdevices 

suchasaprostheticvalveatlocationsinsidethebodythatarenotreadilyaccessibleby 

surgeryorwhereaccesswithoutinvasivesurgeryisdesirable.Forexampleaorticmitral, 

tricuspidand/orpulmonaryprostheticvalvescanbedeliveredtoatreatmentsiteusing 

minimallymvasivesurgicaltechniques. Percutaneousinterventionalmedicalprocedures 

utilizethelargebloodvesselsofthebodyreachtargetdestinationsratherthansurgically 

openingtargetsite.Therearemanytypesofdiseasesstatesthatcanbetreatedvia 

interventionalmethodsincludingcoronaryblockagesvalvereplacements(TAVR)andbrain 

aneurysms.Thesetechniquesinvolveusingwirescathetersballoonselectrodesandother 

thindevicestotraveldownthelengthofthebloodvesselsfromtheaccesssitetothetarget 

site.Thedeviceshaveaproximalendwhichthecliniciancontrolsoutsideofthebodyanda 

distalendinsidethebodywhichisresponsiblefortreatingthediseasestate.Percutaneous 

interventionalproceduresofferseveraladvantagesoveropensurgicaltechniques.Firstthey 

requiresmallerincisionsiteswhichreducesscamngandbleedingaswellasinfectionrisk.  

Proceduresarealsolesstraumatictothetissuesorecoverytimesarereduced.Finally, 

interventionaltechniquescanusuallybeperformedmuchfasterandwithfewerclinicians 

participatingintheproceduresooverallcostsarelowered.Insomecasestheneedfor 

anesthesiaisalsoeliminatedfurtherspeedinguptherecoveryprocessandreducingrisk.  

[0003]Asingleproceduretypicallyusesseveraldifferentguidewirescathetersandballoons 

toachievethedesiredeffect.Oneatatimeeachtoolisinsertedandthenremovedfromthe 

accesssitesequentially.Forexampleaguidewireisusedtotracktothecorrectlocation 

withinthebody.Nextaballoonmaybeusedtodilateasectionofnarrowedbloodvessel.  

Lastanimplantmaybedeliveredtothetargetsite.Becausecathetersarefrequentlyinserted 

andremovedintroducersheathsareusedtoprotectthelocalanatomyandsimplifythe 

procedure.  
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[0004]Anintroducersheathcanbeusedtosafelyintroduceadeliveryapparatusintoa 

patient'svasculature(e.g.,thefemoralartery).Introducersheathsareconduitsthatsealonto 

theaccesssitebloodvesseltoreducebleedingandtraumatothevesselcausedbycatheters 

withroughedges. Anintroducersheathgenerallyhasanelongatedsleevethatisinsertedinto 

thevasculatureandahousingthatcontainsoneormoresealingvalvesthatallowadelivery 

apparatustobeplacedinfluidcommunicationwiththevasculaturewithminimalbloodloss.  

Oncetheintroducersheathispositionedwithinthevasculaturetheshaftofthedelivery 

apparatusisadvancedthroughthesheathandintothevasculaturecarryingtheprosthetic 

device.Expandableintroducersheathsformedofhighlyelastomericmaterialsallowforthe 

dilatingofthevesseltobeperformedbythepassingprostheticdevice.Expandableintroducer 

sheathsaredisclosedinU.S. PatentNo.8,790,387,entitled"ExpandableSheathfor 

IntroducinganEndovascularDeliveryDeviceintoaBody,"U.S.PatentNo.10,639,152, 

entitled"ExpandableSheathandMethodsofUsingtheSameU.S.ApplicationNo.  

14/880,109entitled''ExpandableSheath,~' U.S. ApplicationNo.16/407,057,entitled 

"ExpandableSheathwithElastomericCrossSectionalPortions" U.S. PatentNo.10,327,896, 

entitled"ExpandableSheathwithElastomericCrossSectionalPortionsU.S. Application 

No.15/997,587entitled"ExpandableSheathforIntroducinganEndovascularDelivery 

DeviceintoaBody, U.S. ApplicationNo.16/378,417,entitled"ExpandableSheath" the 

disclosuresofwhicharehereinincorporatedbyreference.  

[0005]Conventionalmethodsofaccessingavesselsuchasafemoralarterypriorto 

introducingthedeliverysystemincludedilatingthevesselusingmultipledilatorsorsheaths 

duringpreparationandbotharetheninsertedintothevessel.Duetotheneedforasmooth 

transitionfromtheintroducertothesheathitisvitalthatthechangeindiameterofthe 

introduceroccursdistaltothetipofthesheathsuchthatthetipofthesheathfitssnugly 

aroundthediameter.Duringinsertionofthesheathandintroduceritispossiblethatthe 

introducercanmovebackwardswithinthesheatheliminatingtheaforementionedsnugfit 

andcreatingalipbetweenthesheathtipandthesmallerouterdiameteroftheintroducer.  

Thislip/gapcanleadtoseverevesseltraumaduringinsertion.  

[0006]Moreoversomeproceduressuchasatransseptalapproachformitralvalve 

replacement/repair, requireprolongeddilationofincisionsinhearttissueanda 

curving/bendingofthesheathtoaccessthetreatmentsiteprolongingproceduretimeand 

recoveringandincreasingriskoftraumatovesselsandhearttissue.  
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[0007]Accordinglythereremainsaneedforfurtherimprovementsinexpandableintroducer 

sheathforendovascularsystemsusedtoimplantvalvesandotherprostheticdevices.  

SUMMARY 

[0008]Thesheathlockingsystemdisclosedhereincomprisesaanintroducerlockinghub 

compnsingahubbodyhavingaproximalendandadistalendanddefiningacentrallumen 

extendinglongitudinallybetweentheproximalendandthedistalendandalockingchannel 

disposedonthehubbody;andasheathlockingsleeveremovablycoupledtotheintroducer 

lockinghubthesheathlockingsleevecomprisingasleevebodyhavingaproximalendanda 

distalendanddefiningacentrallumenextendinglongitudinallybetweentheproximalend 

andthedistalendaguidedisposedonanoutersurfaceofthesleevebodywhereintheguide 

ismovablewithinthelockingchannelbetweenanunlockedpositionwherethesheath 

lockingsleeveisrotationallyandaxiallymovablewithrespecttotheintroducerlockinghub, 

andalockedpositionwherethesheathlockingsleeveisaxiallyfixedwithrespecttothe 

introducerlockinghub.  
S 

[0009]Amethodofdelivenngaprostheticdevicetoaproceduresiteisdisclosedhereinthe 

methodincludes:providinganintroducerlockinghubhavinganelongatedintroducer 

coupledtoahubbodyofthelockinghubtheintroducerlockinghubincludingalocking 

channeldisposedinthehubbody~advancingasheathlockingsleevetoapositionadjacenta 

distalendoftheintroducerlockinghubsuchthataguideprojectingfromanoutersurfaceof 

lockinghubthesheathlockingsleevecoupledtoanexpandabledeliverysheathwhere 

advancingthesheathlockingsleevetoapositionadjacentthedistalendoftheintroducer 

lockinghubincludesadvancingtheintroduceraxiallywithinthecentrallumenofthe 

expandabledeliverysheath~rotatingtheintroducerlockinghubinafirstdirectionwith 

respecttothelockingsleevetomovetheguidealongthelockingchannelintoalocked 

positiowinsertingthecoupledsheathandintroduceratleastpartiallyintothevasculatureof 

thepatient~rotatingtheintroducerlockinghubinaseconddirectionwithrespecttothe 

lockingsleevetoslidetheguidealongthelockingchannelintoanunlockedpositioir 

disengagingtheintroducerlockinghubfromthelockingsleeve~withdrawingtheintroducer 

fromthecentrallumenofthesheath~advancingamedicaldevicethroughthecentrallumen 

ofthesheath;anddeliveringthemedicaldevicetoaproceduresiteviathecentrallumenof 

thesheath.  

3 
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[0010]Amethodofsecuringadeliverysheathtoanintroducerinadeviceforprosthetic 

heartvalvedeliverydevicethemethodcomprising:providinganintroducerlockinghub 

havinganelongatedintroducercoupledtoahubbodyofthelockinghubtheintroducer 

lockinghubincludingalockingchanneldisposedinthehubbody~advancingasheath 

lockingsleevetoapositionadjacentadistalendoftheintroducerlockinghubsuchthata 

guideprojectingfromanoutersurfaceofthesheathlockingsleeveisreceivedwithina 

lockingchannelopeningontheintroducerlockinghubthesheathlockingsleevecoupledto 

anexpandabledeliverysheathwhereadvancingthesheathlockingsleevetoaposition 

adjacentthedistalendoftheintroducerlockinghubincludesadvancingtheintroduceraxially 

withinthecentrallumenoftheexpandabledeliverysheath~rotatingtheintroducerlocking 

hubinafirstdirectionwithrespecttothelockingsleevetomovetheguidealongthelocking 

channelintoalockedpositiowrotatingtheintroducerlockinghubinaseconddirectionwith 

respecttothelockingsleevetomovetheguidealongthelockingchannelintoanunlocked 

position.  

[0011]Anexpandableintroducersheathfordeployingamedicaldeviceisdisclosedherein.  

Thesheathcomprisingafirstlayerincludingacentrallumenextendingaxiallytherethrough; 

aresilientelasticlayerradiallyoutwardofthefirstlayertheelasticlayerbeingconfiguredto 

applyradialforcetothefirstlayer~andwhereinwhenamedicaldeviceispassedthroughthe 

sheaththediameterofthesheathexpandsfromaninitialdiametertoanexpandeddiameter 

aroundthemedicaldevicewhereinthesheathresilientlyreturnstotheinitialdiameterby 

radialforceappliedbytheelasticlayeruponpassageofthemedicaldevicewhereinadistal 

sheath.  

[0012]Amethodforcontrollingarticulation/bendingofadeliverysheathisdisclosedherein.  

Themethodcomprising:providinganexpandableintroducersheathwithacentrallumen 

extendingtherethroughwhereadistaltipportionofthesheathismoreflexiblethana 

proximalportionofthe , pplyingaforcetoapullwirecoupledtoadistalendofthe 

sheathtobendthedistaltipportioninadirectionawayfromalongitudinalaxisofthesheath 

releasingtheforceonthepullwiretoreturnthedistaltipportiontobacktowardsthe 

longitudinalaxisofthesheath.  

[0013]Amethodforcontrollingarticulation/bendingofadeliverysheathisdisclosedherein.  

Themethodcomprises:providinganexpandableintroducersheathwithacentrallumen 

extendingtherethroughwhereadistaltipportionofthesheathismoreflexiblethana 

proximalportionofthesheathinsertingastyletintothecentrallumenofthesheathwhere 
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thestyletincludesacurvedportionforeffectingacurveonthesheath~aligningthecurved 

portionofthestyletwiththedistaltipportiontocurvethedistaltipportioninadirection 

awayfromthelongitudinalaxisofthesheathremovingthestyletatleastpartiallyfromthe 

centrallumenofthesheathsuchthatthecurvedportionofthestyletisnolongeralignedwith 

thedistaltipportionofthesheathtoreturnthedistaltipportionbacktowardsthe 

longitudinalaxisofthesheath.  
e e 

[0014]Amethodofdelivenngamedicaldeviceisdisclosedherein.Themethodcompnses: 

insertingthesheathatleastpartiallyintothebloodvesselofthe , dvancingadistal 

endofthesheathtoafirstlocationproximatethetreatmentsite~curvingthedistalendofthe 

sheathadvancingthedistalendofthesheathtothetreatmentsite~advancingamedical 

devicethroughthecentrallumenofthesheathtothetreatmentsite~locallyexpandingthe 

sheathfromaninitialcondition/diametertoalocallyexpandedcondition/diameterbythe 

outwardlydirectedradialforceofthemedicaldevicelocallycontractingthesheathfromthe 

locallyexpandedconditionatleastpartiallybacktotheinitialconditionusinginwardly 

directedradialforceanelasticfeatureofthesheatfranddelivenngthemedicaldevicetothe 

treatmentsite.  

[0015]Someaspectfurtherincludeadvancingthedistalendofthesheaththroughthe 

openingpatientshearttissue.  

DESCRIPTIONOFDRAWINGS 

[0016]FIG.1isanelevationviewofanexpandablesheathalongwithanendovascular 

[0017]FIG.2isanelevationviewofanexpandablesheathincludinganintroducerlocking 

hubasheathlockingsleeveandanintroducer.  

[0018]FIG.3isanelevationviewoftheexpandablesheathofFIG.2alongwithan 

endovasculardeliveryapparatusforimplantingaprostheticimplant.  

[0019]FIG.4isanelevationviewofanexpandablesheathasheathhubanintroducer 

lockinghubandasheathlockingsleeveofFIG.2.  

[0020]FIG.5Aisacrosssectionalviewofthesheathhubintroducerlockinghuband 

sheathlockingsleeveofFIG.2.  

[0021]FIGSBisacrosssectionalviewoftheintroducercapthesheathhubtheintroducer 

lockinghubthesheathlockingsleeveofFIG.2.  
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[0022]FIG.6isacrosssectionalviewoftheintroducercapsheathhubintroducerlocking 

hubandsheathlockingsleeveofFIG.2.  

[0023]FIG.7isadistalendviewofthesheathlockingsleeveofFIG.2andtheproximal 

fluidsealofFIGSSA-B.  

[0024]FIG.SAisafirstelevationviewoftheintroducerlockinghubofFIG.2coupledtoan 

introduced.  

[0025]FIG.SBisasecondelevationviewoftheintroducerlockinghubofFIG.2coupledto 

theintroducer.  

[0026]FIG.SCisadistalendviewoftheintroducerlockinghubofFIG.2coupledtothe 

introduced.  

[0027]FIG.SDisapartialsideviewoftheintroducerlockinghubofFIG.2coupledtothe 

introduced.  

[0028]FIG.SEisapartialperspectiveviewoftheintroducerlockinghubofFIG.2coupled 

totheintroducer.  

[0029]FIG.SFisapartialperspectiveviewoftheintroducerlockinghubofFIG.2coupled 

totheintroducer.  

[0030]FIG.9AisadistalendviewoftheintroducerlockinghubofFIG.2.  

[0031]FIG.9BisafirstelevationviewoftheintroducerlockinghubofFIG.2.  

[0032]FIG.9CisaproximalendviewoftheintroducerlockinghubofFIG.2.  

[0033]FIG.9DisafirstperspectiveviewoftheintroducerlockinghubofFIG.2.  

[0034]FIG.9EisasecondelevationviewoftheintroducerlockinghubofFIG.2.  

[0036]FIG.iGAisadistalendviewofthesheathlockingsleeveofFIG.2.  

[0037]FIG.lOBisafirstelevationviewofthesheathlockingsleeveofFIG.2.  

[0038]FIG.lOCisaproximalendviewofthesheathlockingsleeveofFIG.2.  

[0039]FIG.lODisafirstperspectiveviewofthesheathlockingsleeveofFIG.2.  

[0040]FIG.lOBisasecondelevationviewofthesheathlockingsleeveofFIG.2.  

[0041]FIG.lOFisasecondperspectiveviewofthesheathlockingsleeveofFIG.2.  

[0042]FIG.11isasideelevationcross-sectionalviewofaportionoftheexpandablesheath 

ofFIG.3.  

[0043]FIG.12isamagnifiedviewofaportionoftheexpandablesheathofFIG.3.  

[0044]FIG.13AisamagnifiedviewofaportionoftheexpandablesheathofFIG.3withthe 

outerlayerremovedforpurposesofillustration.  

[0045]FIG.13BisamagnifiedviewofaportionofthebraidedlayerofthesheathofFIG.3.  

6 

[0035]FIG.9FisasecondperspectiveviewoftheintroducerlockinghubofFIG.2.
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[0046]FIG.14isamagnifiedviewofaportionoftheexpandablesheathofFIG.3 

illustratingexpansionofthesheathasaprostheticdeviceisadvancedthroughthesheath.  

[0047]FIGS.1SA-15CaresideviewsoftheexpandablesheathofFIG.3includinga 

deliverydeviceandimplant.  

DETAILEDDESCRIPTION 

[0048]Thefollowingdescriptionofcertainexamplesoftheinventiveconceptsshouldnotbe 

usedtolimitthescopeoftheclaims.Otherexamplesfeaturesaspectsembodimentsand 

advantageswillbecomeapparenttothoseskilledintheartfromthefollowingdescription.As 

willberealizedthedeviceand/ormethodsarecapableofotherdifferentandobviousaspects 

allwithoutdepartingfromthespiritoftheinventiveconcepts.Accordinglythedrawingsand 

descriptionsshouldberegardedasillustrativeinnatureandnotrestrictive.  

[0049]Forpurposesofthisdescriptioncertainaspectsadvantagesandnovelfeaturesofthe 

aspectsofthisdisclosurearedescribedherein.Thedescribedmethods, systemsand 

apparatusshouldnotbeconstruedaslimitinginanyway.Insteadthepresentdisclosureis 

directedtowardallnovelandnonobviousfeaturesandaspectsofthevariousdisclosed 

aspectsaloneandinvariouscombinationsandsub-combinationswithoneanother.The 

disclosedmethodssystemsandapparatusarenotlimitedtoanyspecificaspectfeatureor 

combinationthereofnordothedisclosedmethodssystemsandapparatusrequirethatany 

oneormorespecificadvantagesbepresentorproblemsbesolved.  

describedinconjunctionwithaparticularaspectorexampleofthepresentdisclosureareto 

beunderstoodtobeapplicabletoanyotheraspectorexampledescribedhereinunless 

incompatibletherewith.Allofthefeaturesdisclosedinthisspecification(includingany 

accompanyingclaimsabstractanddrawings),and/orallofthestepsofanymethodor 

processsodisclosedmaybecombinedinanycombinationexceptcombinationswhereat 

leastsomeofsuchfeaturesand/orstepsaremutuallyexclusive.Thepresentdisclosureisnot 

restrictedtothedetailsofanyforegoingaspects.Thepresentdisclosureextendstoanynovel 

oneoranynovelcombinationofthefeaturesdisclosedinthisspecification(includingany 

accompanyingclaimsabstractanddrawings),ortoanynoveloneoranynovel 

combinationofthestepsofanymethodorprocesssodisclosed.  

[0051]Itshouldbeappreciatedthatanypatentpublicationorotherdisclosurematerialin 

wholeorinpartthatissaidtobeincorporatedbyreferencehereinisincorporatedherein 

7 
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onlytotheextentthattheincorporatedmaterialdoesnotconflictwithexistingdefinitions 

statementsorotherdisclosurematerialsetforthinthisdisclosure.Assuchandtotheextent 

necessarythedisclosureasexplicitlysetforthhereinsupersedesanyconflictingmaterial 

incorporatedhereinbyreference.Anymaterialorportionthereofthatissaidtobe 

incorporatedbyreferencehereinbutwhichconflictswithexistingdefinitionsstatementsor 

otherdisclosurematerialsetforthhereinwillonlybeincorporatedtotheextentthatno 

conflictarisesbetweenthatincorporatedmaterialandtheexistingdisclosurematerial.  
I, 11 f~ I, 

[0052]Asusedinthespecificationandtheappendedclaimsthesingularformsa, an 
and"the"includepluralreferentsunlessthecontextclearlydictatesotherwise.Rangesmay 

beexpressedhereinasfromIaboutoneparticularvalueand/orto"about"anotherparticular 

value.Whensucharangeisexpressedanotheraspectincludesfromtheoneparticularvalue 

and/ortotheotherparticularvalue.Similarlywhenvaluesareexpressedasapproximations 

byuseoftheantecedent"about" itwillbeunderstoodthattheparticularvalueformsanother 

aspect.Itwillbefurtherunderstoodthattheendpointsofeachoftherangesaresignificant 

bothinrelationtotheotherendpointandindependentlyoftheotherendpoint.  

[0053]"Optional"oroptionally"meansthatthesubsequentlydescribedeventor 

circumstancemayormaynotoccurandthatthedescriptionincludesinstanceswheresaid 

eventorcircumstanceoccursandinstanceswhereitdoesnot.  

[0054] Thetermsproximal"and"distal"asusedhereinrefertoregionsofasheath 

catheterordeliveryassembly."Proximal"meansthatregionclosesttohandleofthedevice 

while"distal"meansthatregionfarthestawayfromthehandleofthedevice.  

thesheath.  
S 

[0056]Throughoutthedescriptionandclaimsofthisspecificationtheword"compnseand 

variationsofthewordsuchascomprising"and"comprises' means"includingbutnot 

limitedto" andisnotintendedtoexcludeforexampleotheradditivescomponentsintegers 

orsteps."Exemplarymeansanexampleof'andisnotintendedtoconveyanindicationofa 
S S 

preferredoridealaspect."Suchasisnotusedinarestnctivesensebutforexplanatory 

purposes.  

[0057]Disclosedaspectsofanexpandablesheathcanminimizetraumatothevesselby 

allowingfortemporaryexpansionofaportionoftheintroducersheathtoaccommodatethe 

deliverysystemfollowedbyareturntotheoriginaldiameteroncethedevicepassesthrough.  

Disclosedaspectsoftheintroducersheathpreventtheintroducerfromseparatingfromthe 

sheathduringinsertionbylockingoftheproximalhuboftheintroducertotheproximalhub 

8 
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ofthesheath.Fixingtheintroducerandthesheathpreventstheintroducerfrommoving 

backwardduringinsertiontherebymaintainingasnugfitandsmoothtransitionbetweenthe 

introducerandthedistalendofthesheath.Furthermorepresentaspectscanreducethelength 

oftimeaproceduretakes, a5wellasreducetheriskofalongitudinalorradialvesseltearor 

plaquedislodgementbecauseonlyonesheathisrequiredratherthanseveraldifferentsizesof 

sheaths.Aspectsofthepresentexpandablesheathcanavoidtheneedformultipleinsertions 

forthedilationofthevessel.  

[0058]Disclosedhereinareelongateintroducersheathsthatareparticularlysuitablefor 

deliveryofimplantsintheformofimplantableheartvalvessuchasballoon-expandable 

implantableheartvalves.Balloon-expandableimplantableheartvalvesarewell-knownand 

willnotbedescribedindetailhere.Anexampleofsuchanimplantableheartvalveis 

describedinU.S.PatentNo.5,411,552,andalsoinU.S.PatentNo.9,393,110,bothofwhich 

areherebyincorporatedbyreference.Theexpandableintroducersheathsdisclosedherein 

mayalsobeusedtodeliverothertypesofimplantablemedicaldevicesuchasself-expanding 

andmechanicallyexpandingimplantableheartvalvesstentsorfilters.Beyondtranscatheter 

heartvalvestheintroducersheathsystemcanbeusefulforothertypesofminimallyinvasive 

surgerysuchasanysurgeryrequiringintroductionofanapparatusintoasubjectsvessel.  

Forexampletheintroducersheathsystemcanbeusedtointroduceothertypesofdelivery 

apparatusforplacingvarioustypesofintraluminaldevices(e.g.,stentsstentedgrafts 

ballooncathetersforangioplastyproceduresetc.)intomanytypesofvascularandnon

vascularbodylumens(e.g.,veinsarteriesesophagusductsofthebiliarytreeintestine 

usedhereinisbroadlydefinedtomeananything- prostheticornot- thatisdeliveredtoasite 

withinabody.Adiagnosticdeviceforexamplemaybeanimplantable.  

[0059]FIG.1illustratesanexemplarysheathSinusewitharepresentativedelivery 

apparatus10,fordeliveringanimplant12orothertypeofimplantabletoapatient.The 

deliveryapparatus10canincludeasteerableguidecatheter14(alsoreferredtoasaflex 

catheter)andaballooncatheter16extendingthroughtheguidecatheter14.Theguide 

catheter14andtheballooncatheter16intheillustratedaspectareadaptedtoslide 

longitudinallyrelativetoeachothertofacilitatedeliveryandpositioningoftheimplant12at 

animplantationsiteinapatient'sbodyasdescribedindetailbelow.ThesheathSisan 

elongate, expandabletubethatcanincludeahemostasisvalveattheproximalendofthe 

sheathtostopbloodleakage.  

9 
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[0060]FIG.2illustratesthesheath8ofFIG.1includingasheathlockingsystem18which 

preventsaxialandrotationaltranslationoftheintroducer6withrespecttothesheath8.The 

sheathlockingsystem18keepstheintroducer6fixedwithrespecttothesheath8during 

insertionwithoutrequiringaphysicianortechniciantoholdtheintroducer6andthesheathS 

inplaceatthedistalend.Thesheathlockingsystem18includesalockingsleeve28coupled 

tothesheath8viasheathhub20andanintroducerlockinghub30andintroducer6.The 

lockingsleeve28engagestheintroducerlockinghub30andismoveablebetweenalocked 

andunlockedpositiontherebyfixingthepositionoftheintroducer6andthesheathSand 

preventingmovementtherebetweenduringinsertion.Aswillbedescribedinmoredetail 

belowthesheathlockingsystem18keepstheintroducer6fromseparatingfromthesheathS 

andpreventsgapsfromformingthatcancausepatientabrasionsandunintendedfluidflow 

betweentheintroducer6andthesheath8duringinsertion.  

[0061]FIGS. 2,5A-5Band6andillustratethesheathlockingsleeve28couplingthe 

introducerlockinghub30tothesheathhub20.Aswillbedescribedinmoredetailbelowthe 

lockingsleeve28includesaguide31thatengagesalockingchannel38providedonthe 

introducerlockinghub30.Theguide31moveswithinthelockingchannel38betweena 

unlockedpositionwherethesheathlockingsleeve28isrotationallyandaxiallymovable 

withrespecttotheintroducerlockinghub30andalockedposition(FIG.2),wherethe 

lockingsleeve28isaxiallyfixedwithrespecttotheintroducerlockinghub30.  

[0062]Thelockingsleeve28isillustratedforexampleinFIGS.iGA-lOF.Thelocking 

sleeve28includesanelongatedsleevebody29withacentrallumen28aextending 

providedinFIG.6,thecentrallumen28adefinesagenerallycylindricalinnersurface29cof 

thesheathlockingsleeve28.Thecentrallumen28ahasadiameterofatleast0.3".Insome 

examplesthediameterrangesbetween0.3"and0.6".Preferablythediameterisabout0.40".  

Thedistalend29bofthesleevebody29alsohasafrustoconicaloutersurface29dthattapers 

aboutthedistalend29btohelpwithpositioningthelockingsleeve28withinthesheathhub 

20andabuttingthesealassembly24(FIGS.5Band5B).Thelockingsleeve28alsohasa 

pluralityofinterfacediameters29ethatextendradiallyfromtheoutersurface29dofthe 

sleevebody29around(alloraportionof)thecircumferenceofthelockingsleeve28.As 

illustratedinFIG.5Atheseinterfacediameters29earesizedandconfiguredtoengage 

correspondingrecessesand/orslots48providedinthesheathhub20forsecuringthelocking 

sleeve28tothesheathhub20.  
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longitudinallybetweentheproximalend29aanddistalend29bofthesleevebody29.As



WO20221056352 PCT/IJS2021/050006 

[0063]Thelockingsleeve28includesaguide31projectingfromtheoutersurface29fofthe 

lockingsleeve28.Theguide31engagesacorrespondingshapedlockingchannel38inthe 

introducerlockinghub30.Theguide31extendsradiallyfromtheoutersurface29fandat 

leastpartiallyaroundthecircumferenceoftheoutersurface2%AsprovidedinFIG.6,the 

topsurfaceoftheguide31isdoesnotextendbeyondtheoutersurfaceoftheintroducer 

lockinghub30whenthesheathlockingsleeve28andtheintroducerlockinghub30are 

coupled.Forexampletheheightoftheguide31correspondstothewallthicknessofthe 

introducerlockinghub30proximatetheguidewhenthesheathlockingsleeve28andthe 

introducerlockinghub30arecoupled.Inanotherexamplethetopsurfaceoftheguide31is 

recessedwithrespecttotheoutersurfaceoftheintroducerlockinghub30.Thatistheheight 

oftheguideislessthanthewallthicknessoftheintroducerlockinghub30.Inother 

examplestheheightoftheguide31isgreaterthanawallthicknessoftheintroducerlocking 

hub30suchthatthetopsurfaceoftheguide31extendsbeyondtheoutersurfaceofthe 

introducerlockinghub30whenthesheathlockingsleeve28andtheintroducerlockinghub 

30arecoupled.Insomeexamplestheheight/axiallengthoftheguide31isbetweenabout 

0.050"andabout0.10."Insomeexamplesthatheight/axiallengthoftheguide31isabout 

0.075".  
S 

[0064]AsillustratedinFIGS. lOD-lOFtheguide31isacylindricallyshapedprojection.  

Howeveritiscontemplatedthattheguide31mayhaveanyotherregularorirregularshape 

thatwouldfacilitatemovementoftheguide31withinthelockingchannel38ofthe 

introducerlockinghub30.Forexampletheguide31mayhaveanelongatedhexagonshape.  

theguide31hasadiameter/widthofabout0.100".  

[0065]Ingeneralthelockingsleeve28canbefomiiedfrompolycarbonatebutinother 

aspectsthelockingsleeve28canbeformedfromrigidplasticoranyothermaterialsuitable 

forprovidingastronglockingconnectorforanintroducer6(metalcompositeetc.) 

[0066]FIGS. 8A-SFillustratetheintroducerlockinghub30withtheintroducer6coupled 

thereto.ExampleintroducersheathsaredescribedforexampleinU.S. PatentNos.8,690,936 

and8,790,387,thedisclosuresofwhichareincorporatedhereinbyreference.Asprovidedin 

thecross-sectionviewsofFIGS. SAandSB, theintroducer6iscoupledtotheintroducer 

lockinghub30andextendsbeyondthedistalendoftheintroducerlockinghub30body.  

Whencoupledtothesheathhub20,theintroducer6extendsthroughthecentrallumen28aof 

thesheathlockingsleeve28,thesheathhub20andthecentrallumenofthesheath8.Aswill 

bedescriedbelowthesheath8generallycomprisesaradiallyexpandabletubularstructure.  

11 

Theguide31canhaveadiameter/widthrangingfromabout0.05"toabout0.20".Preferably



WO20221056352 PCT/IJS2021/050006 

Passageoftheintroducer6throughthesheath8andintoapatientsvesselcausesthevessel 

toradiallyexpandtoaboutthediameterofthesheath8.Thatisthediameterofthecentral 

lumenofthesheathSisgenerallyabouttheouterdiameteroftheintroducer6suchthatthe 

introducer6providesamechanismtoexpandapatient'svesseltoacceptthesheath.  

[0067]AsprovidedinFIGS. SA-SFtheintroducer6isformedasanelongatebodywitha 

centrallumenextendingtherethrough.AsshowninFIGS. SAand5B, thecentrallumenof 

theintroducerisalignedwiththecentrallumensoftheintroducerlockinghub30,thesheath 

hub20andthesheath8.Theintroducer6isreceivedwithinarecessedopening39provided 

onaninteriorsurfaceoftheintroducerlockinghub30,therecessedopening39axially 

alignedwiththecentrallumen45oftheintroducerlockinghub30.Theintroducer6is 

coupledtotheintroducerlockinghub30attherecessedopening39.Inanexamplesystem 

theintroducer6hasadiametercorrespondingtoorlessthanthediameteroftherecessed 

opening39.Insomeexamplestheintroducer6isfixedlycoupledtotheintroducerlocking 

hub30attherecessedopening39.Forexampletheintroducer6iscoupledtotherecessed 

opening39oftheintroducerlockinghub30byatleastoneofapressfitaninterferencefita 

snapfitamechanicalfastenerachemicalfastener(e.g.,anadhesive),aweldathermal 

processand/oranyothersuitablecouplingprocessknownintheart.  

[0068]Asdescribedabovetheintroducer6hasacentrallumenthatalignswiththecentral 

lumen45oftheintroducerlockinghub30.Thisjoinedlumenallowsforthepassageof 

surgicalequipmentand/ormedicaldevicestothetreatmentsite.Inanexamplesystemandas 

providedinFIGS. 5Aand5B, thecentrallumenoftheintroducer6hasadiameter 

lockinghub30.Ingeneralthecorrespondingdiameterportionisadjacentthedistalendof 

thecentrallumen45.Inotherexamplesthediameterofthecentrallumen45atthedistalend 

oftheintroducerlockinghub30isslightlylargerthanthediameterofthecentrallumen 

passingthroughtheintroducer6.Thecentrallumen45canalsoadecreasingtaperedportion 

41betweentheproximalendandthedistalendoftheintroducerlockinghub30(seeFIG.6).  

Thecorrespondingdiameterportionanddecreasingtaperedportion41allowsforsmooth 

transitionanddeliveryofsurgicalequipmentand/ormedicaldevicethroughtheintroducer 

lockinghub30andintothecentrallumenoftheintroducer6.  

[0069]FIGS.2-6illustratetheintroducerlockinghub30coupledtothelockingsleeve28.  

FIGS.SA-SFprovidetheintroducerlockinghub30coupledtotheintroducer6.FIGS.9A 

9Fprovidemultipleviewoftheintroducerlockinghub30.Asdescribedabovethe 

introducer6isfixedlycoupledtotheintroducerlockinghub30,andtheintroducerlocking 

12 

correspondingtoatleastaportionofthediameterofthecentrallumen45oftheintroducer
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hub30coupleswiththelockingsleeve28tofixthepositiontheintroducer6(axiallyand 

rotationally)withrespecttothelockingsleeve28/sheath8.  

[0070]Theintroducerlockinghub30includesahubbody32havingaproximalend32aand 

adistalend32banddefiningacentrallumen45extendingtherethrough.Thehubbody32 

hasafirst(middle)portion33asecond(distal)portion35whichextendsdistallyfromthe 

firstportion33andathird(proximal)portion37whichextendsproximallyfromthefirst 

portion33. Thefirstportion33includesthecylindrically-shapedrecessedopening39for 

receivingandretainingtheintroducer6andanoutersurface33b.Insomeexamplesthe 

recessedopening39hasadiameterrangingbetween0.15"andabout0.25".Insome 

examplestherecessedopening39hasadiameterrangingbetween0.17"andabout0.20".In 

someexamplestherecessedopeninghasadiameterofabout0.194".  

[0071]Thethird(proximal)portion37oftheintroducerlockinghub30includesthe 

decreasingtaperedportion41ofthecentrallumen45. Thedecreasingtaperportion41 

definingafrustoconicalshapewithdecreasingtaper/diameterfromtheproximaltothedistal 

endofthesheath.Itiscontemplatedthatthetaperedportion41hasaminimumdiameterof 

about0.007"andamaximumdiameterofabout0.194".  

[0072]AsillustratedinFIG.5A-SB, whencoupledthecentrallumen28aofthelocking 

sleeve28isalignedwiththecentrallumen45oftheintroducerlockinghub30.Insome 

examplesthecentrallumen28aofthelockingsleeve28iscoaxialwiththecentrallumen45 

oftheintroducerlockinghub30.Whencoupledtheproximalendofthelockingsleeve28is 

receivedwithinthecentrallumen45oftheintroducerlockinghub30.Theproximalend 

centrallumen45oftheintroducerlockinghub30.AsillustratedinFIGS. SAand5Bthe 

centrallumen45oftheintroducerlockinghub30includesafirstportion52havingafirst 

diameteradjacenttheproximalendoftheintroducerlockinghub30,andasecondportion54 

havingasecondlargerdiameteradjacentthedistalendoftheintroducerlockinghub30.  

Therecessedopening39canbeconsidereitheracomponentofthefirstportion52ofthe 

centrallumen45,oraseparatecomponentofthecentrallumen45locatebetweenthefirst 

(proximal)portion52andthesecond(distal)portion54.Whenthelockingsleeve28and 

introducerlockinghub30arecoupledatleastaportionofthesleevebody29ofthesheath 

lockingsleeve28isreceivedwithinthesecondportion54(largerportion)ofthecentral 

lumen45oftheintroducerlockinghub30.Thecentrallumen28aofthesheathlocking 

sleeve28isalignedwiththecentrallumen45oftheintroducerlockinghub30suchthatthey 
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surfaceofthelockingsleeve28isadjacentashoulder50providedonaninnersurfaceofthe



WO20221056352 PCT/IJS2021/050006 

areco-axialandformasmoothinnersurfacealongthecombinedcentrallumensofthe 

introducerlockinghub30andthesheathlockingsleeve28.  

[0073]Asdescribedgenerallyabovethelockingsleeve28couplestotheintroducerlocking 

hub30viaengagementbetweentheguide31onthelockingsleeve28andthelocking 

channel38providedintheintroducerlockinghub30.AsprovidedinFIGS.9A-9Fthe 

introducerlockinghub30includestwolockingchannels38.Howeveritiscontemplatedthat 

theintroducerlockinghub30canincludeonelockingchannel38ormorethantwolocking 

channels38.Thelockingchannel38canbeisformedarecessorgrooveinasurfaceofthe 

introducerlockinghub30asaslottedopeningacliporasanyotherfeaturecapableof 
S 

receivingandsecuringtheguide31projectingfromtheoutersurfaceofthelockingsleeve28 

withtheintroducerlockinghub30. IllustratedinFIG.9Bthelockingchannels38provide 

aninterfacetosecurethesheathlockingsleeve28totheintroducerlockinghub30and 

ensureafixedaxialpositionbetweentheintroducer6andthesheath8.  

[0074]Thelockingchannel38isformedonthedistalendoftheintroducerlockinghub30.  

Thelockingchannel38includesanopeningonthedistalendsurfacethatleadstoanangled 

guideportion40thattransitionstoalockingportion42.Theguideportion40isconfiguredto 

directtheguide31ofthelockingsleeve28inanaxialandcircumferentialdirectionalongthe 

sidewalloftheguideportion40towardsthelockingportion42uponrotationofthe 

introducerlockinghub30and/orthesheathlockingsleeve28.Thelockingportion42is 

configuredtosecurelyengagetheguide31, fixingtheaxialpositionoftheintroducerlocking 

hub30withrespecttothesheathlockingsleeve28.AsillustratedinFIG.9B, theguide 

30axiallytowardstheproximalendoftheintroducerlockinghub30andcircumferentially 

aroundtheintroducerlockinghub30.Forexampletheguideportion40ofthelocking 

channel38canbedescribedasextendinghelicallyaround/alongalengthoftheintroducer 

lockinghub30oronananglefromthedistalendoftheintroducerlockinghub30.  

[0075]AsillustratedinFIGS.9Band9Dthelockingportion42ofthelockingchannel38 

extendsatananglefromtheendoftheguideportion40.AsprovidedinFIG.9B, theangle 

betweenthecenterlineoftheguideportion40andthecenterlineofthelockingportion42is 

greaterthan90-degrees.Inanotherexampletheanglebetweenthecenterlineoftheguide 

portion40andthecenterlineofthelockingportion42isabout120-degrees.Inanexample 

systemthelockingportion42extendsaroundaportionofthecircumferenceofthe 

introducerlockinghub30.Thelockingportion42canextendparalleltothedistalendofthe 

introducerlockinghub30.Inanexamplesystemthelengthoftheguideportion40 
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portion40ofthelockingchannel38extendsfromthedistalendoftheintroducerlockinghub
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(measuredalongitscenterline)isgreaterthanalengthofthelockingportion42(measured 

alongitscenterline).Inanotherexamplethelengthoftheguideportion40equalsorisless 

thanalengthofthelockingportion42.  

[0076]Thelockingportion42canincludeacatch44forsecuringtheguide31withinthe 

lockingportion42ofthelockingchannel38andformingapartialbarrierfortheguide31 

withinthelockingportion42.AsillustratedinFIG.9Bthecatch44includesaprojection 

thatextendsfromasidewall42aofthelockingportion42andreleasablysecurestheguide 

31withinthelockingchannel38.Thecatch44extendsfromthesidewall42aofthelocking 

portion42inaproximaldirectiontowardsthecenterlineofthelockingportion42andhasa 

heightsufficienttoretaintheguide31betweenthecatch44andtheendofthelocking 

portion42.  

[0077]Thedistalendsurface32boftheintroducerlockinghub30canincludefeaturesfor 

biasingtheguide31towardsthelockingchannel38.Forexamplethedistalendofthe 

introducerlockinghub30canincludeataperedsurfaceangledtowardanopeningofthe 

lockingchannel38. AsillustratedinFIG.9B, thedistalend32boftheintroducerlockinghub 

30includesafirsttaperedsurface(decreasingtaperedportion41)angledtowardsaleading 

edgeoftheopeningofthelockingchannel38andasecondtaperedsurface43angled 

towardsthetrailingedgeoftheopeningofthelockingchannel38.  

[0078]Inuseengagementbetweentheguide31andtheguideportion40ofthelocking 

channel38isconfiguredtobiasthelockingsleeve28inaproximalaxialdirectiontowardthe 

proximalendoftheintroducerlockinghub30(towardsalockedposition)whenthesheath 

towardthelockingportion42ofthelockingchannel38intothelockedposition.  

Alternativelyengagementbetweentheguide31andthelockingportion42ofthelocking 

channel38isconfiguredtobiasthelockingsleeve28inadistalaxialdirectiontowardthe 

distalendoftheintroducerlockinghub30(towardsanunlockedposition)whenthesheath 

lockingsleeve28isrotatedinasecond(opposite)axialdirection.Intheseconddirectionthe 

guide31advancesawayfromthelockingportion42ofthelockingchannel38,tothe 

unlockedposition.Whentheguide31isinthelockedpositionandretainedwithbylocking 

portion42bycatch44,rotationintheseconddirectioncausestheguide31tobiasagainst 

thecatch44overcomingtheoppositionalforcesofthecatch44,andmovingtheguide31 

fromthelockedtotheunlockedposition.  

[0079]AsillustratedinFIGS. SA-9Ftheoutersurface33boftheintroducerlockinghub 

body32includesgrippingfeaturesand/orsurfacesforaphysicianortechniciantousewhen 
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lockingsleeve28isrotatedinanfirstaxialdirection.Inthisdirectiontheguide31advances
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manipulatingtheintroducerlockinghub30.AsprovidedinFIG.9Btheintroducerlocking 

hubbody32canincludeatworecessedgrippingsurfaces34onoppositesidesofthe 

longitudinalaxisoftheintroducerlockinghub30.Whentheintroducerlockinghub30is 

viewedfromthesidethegrippingsurfaces34defineadog-bone/barbellshapetothehub 

body32,i.e ashapehavingasmallerdiameter/widthcenterportionandlarger 

diameter/widthendportions.Inanexamplesystemthegrippingsurfaces34areprovided 

alongatleast40%ofthelengthoftheintroducerlockinghubbody32.Inanotherexample, 

thegrippingsurfaces34areprovidedalongatleast50%ofthelengthoftheintroducer 

lockinghubbody32.  

[0080]Ingeneraltheintroducerlockinghub30canbeformedfrompolycarbonatebutin 

otheraspectstheintroducerlockinghub30canbeformedfromrigidplasticoranyother 

materialsuitableforprovidingalockingmechanismforanintroducer6(metalcomposite 

etc.).  

[0081]FIGS. 2-6illustrateanexamplesheathhub20.Asdescribedabovethesheath8is 

coupledtothesheathhub20whichinturnisremovablycoupledtothelockingsleeve28.  

Thesheathhub20providesahousingfornecessarysealassembliesandanaccesspointfora 

secondarylumen(e.g.,fluidlumen)influidcommunicationwiththecentrallumenofthe 

sheathhub20.  

[0082]Thesheathhub20furtherhasreceivingslots48.Thereceivingslots48areopenings 

whichextendaroundaportionofthediameterofthesheathhub20andaresizedand 

configuredtoaccepttheinterfacediameters29e.Couplingbetweenthereceivingslots48and 

sleeve28andthesheathhub20relativetoeachother.  

[0083]Thedistalendofthesheathhub20includesthreads21forcouplingtoathreaded 

sheathhubcap22.Thesheath8isprovidedbetweenthesheathhub20andthesheathhub 

cap22suchthatcouplingthesheathhubcap22tothesheathhub20fixesthesheath8tothe 

sheathhub20.Thesheathhubcap22isacylindricalcaphavingacapbodyhavinga 

proximalendandadistalendanddefiningacentrallumenextendinglongitudinallybetween 

theproximalendandthedistalend.Thesheathhubcap22hasalargerdiameteratits 

proximalendthanatitsdistalend.  

[0084]Thesealassembly24asdescribedaboveandasshowninFIGS. SAand5Bis 

includedinsheathhub20.Thesealassembly24includesproximalseal24aintermediateseal 

24banddistalseal24c.Whenassembledtheintroducer6passesthroughthesealassembly 

andextendsdistalofthesheath8.Theproximalseal24atheintermediateseal24bandthe 
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distalseal24careeachformedtopreventunwantedfluidfromadvancingintheproximal 

directionthroughthesheathhub20andproximalofthesealassembly24.Theyareeach 

openableandclosabletoprovidepressurevariationtoaffectthedesiredfluidflowfroma 

physicianortechnician.  

[0085]AsillustratedinFIG.2,thesheath8includesasealtube26/strainreliefportion.The 

sealtube26iscoupledtothedistalendofthesheathhub20andcreatesasmoothtransition 

surfacebetweenthesheath8andthesheathhub20.Thefrustoconicalsealtube26bodyhasa 

proximalendandadistalendandacentrallumenextendinglongitudinallytherethrough.The 

sealtube26tapersfromtheproximalendtothedistalendsuchthatthediameteroftheseal 

tube26attheproximalendisgreaterthanthediameterofthesealtube26atthedistalendof 

thesealtube26.  

[0086]Amethodfordeliveringaprostheticdevicetoaproceduresitesuchthataxial 

movementbetweentheintroducer6andthesheath8iseliminatedisdescribedbelow.  

Preventinggappingbetweentheintroducer6andthesheathSduringinsertionreducesthe 

riskoftraumatothepatientsvasculature.FIG.2showstheexampledevicefordelivering 

theprostheticdevice.  

[0087]Themethodincludesprovidinganintroducerlockinghub30havinganelongated 

introducer6coupledtothehubbody32oftheintroducerlockinghub30.Asdescribedabove 

theintroducerlockinghub30includingalockingchannel38disposedinthehubbody32.  

Thesheathlockingsleeve28isadvancedtoapositionadjacentadistalendoftheintroducer 
S 

lockinghub30suchthataguide31projectingfromanoutersurfaceofthesheathlocking 

lockingsleeve28toapositionadjacentthedistalendoftheintroducerlockinghub30also 

includesadvancingtheintroducer6axiallywithinthecentrallumenoftheexpandable 

deliverysheath8.  

[0088]Theintroducerlockinghub30isthenrotatedinafirstdirectionwithrespecttothe 

lockingsleeve28tomovetheguide31alongthelockingchannel38intoalockedposition.  

Inparticularmovingtheguide31intothelockedpositionincludesrotatingtheintroducer 

lockinghub30tomovetheguide31alongaguideportion40ofthelockingchannel38 

towardalockingportion42.Furtherrotationoftheintroducerlockinghub30directsthe 

guide31intothelockingportion42ofthelockingchannel38,thelockingportion42 

configuredtosecurelyengagetheguide31andfixtheaxialpositionoftheintroducerlocking 

hub30withrespecttothesheathlockingsleeve28.Wherethelockingchannel38includesa 

catch44rotationoftheintroducerlockinghub30inthefirstdirectioncausestheguide31to 
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sleeve28isreceivedwithintheopeningtothelockingchannel38.Advancingthesheath
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overcomethebiasforceofthecatch44andadvancetheguide31beyondthecatch44into 

thelockingportion42,wherethecatch44securestheguide31withinthelockingportion42 

therebyfixingtheaxiallocationofthesheath8withrespecttotheintroducer6.  

[0089]Thecoupledsheath8andintroducer6aretheninsertedatleastpartiallyintothe 

vasculatureofthepatient.  

[0090]Oncepositionedtheintroducerlockinghub30isrotatedisasecond, opposite 

directionwithrespecttothelockingsleeve28.Rotatingtheintroducerlockinghub30inthe 

seconddirectioncausestheguide31toslidealongthelockingchannel38,fromthelocking 

portion42towardtheguideportion40.Inparticularrotatingoftheintroducerlockinghub 

30intheseconddirectiondirectstheguide31outofthelockingportion42ofthelocking 

channel38andthroughtheguideportion40andreleasestheintroducerlockinghub30from 

thesheathlockingsleeve28.Wherethelockingchannel38includesacatch44,rotationof 

theintroducerlockinghub30intheseconddirectioncausestheguide31toovercomethe 

biasforceofthecatch44andadvancefromthelockingportion42totheguideportion40of 

thelockingchannel38. Asaresulttheguide31slidesoutofthelockingchannel38intothe 

unlockedposition.  

[0091]Theintroducerlockinghub30isthendisengagedfromthelockingsleeve28andthe 

introducer6iswithdrawnfromthecentrallumenofthesheath8.Withthecentrallumenof 

thesheathSclearthemedicaldevice(e.g.,implant12)isadvancedthroughthecentral 

lumenofthesheath8.Themedicaldevice(implant12)isdeliveredtotheproceduresitevia 

thecentrallumenofthesheathS.  

heartvalvedeliverydeviceisdisclosedherein.Themethodcomprisesprovidingan 

introducerlockinghub30havinganelongatedintroducer6coupledtheretoandincludinga 

lockingchannel28disposedinthehubbody32.Thesheathlockingsleeve28isadvancedto 

apositionadjacentadistalendoftheintroducerlockinghub30suchthataguide31 

projectingfromanoutersurfaceofthesheathlockingsleeve28isreceivedwithinanopening 

ofthelockingchannel38.Advancingthesheathlockingsleeve28toapositionadjacentthe 

distalendoftheintroducerlockinghub30alsoincludesadvancingtheintroducer6axially 

withinthecentrallumenoftheexpandabledeliverysheath8.  

[0093]Theintroducerlockinghub30isthenrotatedinafirstdirectionwithrespecttothe 

lockingsleeve28tomovetheguide31alongthelockingchannel38intothelockedposition.  

Inparticularmovingtheguide31intothelockedpositionincludesrotatingtheintroducer 

lockinghub30tomovetheguide31alongaguideportion40ofthelockingchannel38 
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[0092]Amethodofsecuringadeliverysheathtoanintroducerinadeviceforprosthetic
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towardalockingportion42.Furtherrotationoftheintroducerlockinghub30directsthe 

guide31intothelockingportion42ofthelockingchannel38,thelockingportion42 

configuredtosecurelyengagetheguide31andfixtheaxialpositionoftheintroducerlocking 

hub30withrespecttothesheathlockingsleeve28.Wherethelockingchannel38includesa 

catch44rotationoftheintroducerlockinghub30inthefirstdirectioncausestheguide31to 

overcomethebiasforceofthecatch44andadvancetheguide31beyondthecatch44into 

thelockingportion42,wherethecatch44securestheguide31withinthelockingportion42 

therebyfixingtheaxiallocationofthesheathSwithrespecttotheintroducer6.  

[0094]Tounlocktheintroducerlockinghub30fromthelockingsleeve28,theintroducer 

lockinghub30isrotatedinasecondoppositedirectionwithrespecttothelockingsleeve 

28.Rotatingtheintroducerlockinghub30intheseconddirectioncausestheguide31toside 

alongthelockingchannel38,fromthelockingportion42towardtheguideportion40.In 

particularrotatingoftheintroducerlockinghub30intheseconddirectiondirectstheguide 

31outofthelockingportion42ofthelockingchannel38andthroughtheguideportion40to 

releasetheintroducerlockinghub30fromthesheathlockingsleeve28.Wherethelocking 

channel38includesacatch44rotationoftheintroducerlockinghub30inthesecond 

directioncausestheguide31toovercomethebiasforceofthecatch44andadvancefromthe 

lockingportion42totheguideportion40ofthelockingchannel38.Asaresulttheguide31 

slidesoutofthelockingchannel38intotheunlockedposition.  

[0095]Theintroducerlockinghub30isthendisengagedfromthelockingsleeve28andthe 

introducer6canbewithdrawnfromthecentrallumenofthesheath8.  

duringatransseptalapproachformitralvalvereplacement/repair.Mitralvalvediseasesare 

amongthemostprevalentvalvularheartdiseasesandnecessitatesurgicalproceduresforthe 

repairorreplacementofthisvalve.Conventionalleftatriotomyisthestandardapproachfor 

mostsurgeons.Howeverthetransseptalapproachcanconferbetterexposuretothemitral 

valveincaseswheretheleftatriumissmallwherethereareadhesionscausedbyprevious 

procedureswherethereareassociatedoperationsrequiringrightatriotomyandwherethere 

isbeatingheartsurgery.  

[0097]Inthetransseptalapproachtherightatriumisopenedandalongitudinalincision 

(approximately4cm)madeinthemiddleoftheforamenovalisontheintra-atrialseptum.  

Theseptaledgesarethenpulledinordertoexposethemitralvalvefully.Conventionallya 

dilatorand/orshuntisrequiredtoexpandtheopeningashuntcanalsobeusedtoclosethe 

openingandprovideanaccesspointforfutureprocedures.Howeveramajordrawbackofthe 
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[0096]Insomeproceduresacurvedapproachtothetreatmentsiteisdesirable.Forexample,
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transseptalapproachsurroundstheriskassociatedwithexpandingtheincisionmaintaining 

theexpandedopeningtheforamenovalisandtheuseofashuntforclosingtheopening.The 

sheathofthepresentdisclosureallowsforthelocalandtemporaryexpansionoftheincision 

siteonlyduringdeliveryoftheprostheticdevicethroughtheincisionsite.  

[0098]AsdescribedabovethesheathassemblySandintroducer6canbeusedtointroduce 

thedeliveryapparatus10andtheprostheticdevice(e.g.,implant12)intoapatient'sbody.  

Disclosedhereinisasystemandmethodforbending/curvingthedistalendofthesheathSto 

allowforacurvedapproachtothetreatmentsite.AsillustratedinFIG.3,theintroducer 

device/sheathassemblyScancomprisethesheathhub20ataproximalendofthedeviceand 

anexpandablesheathSextendingdistallyfromthesheathhub20.Thesheathhub20can 

functionasahandleforthedevice.Theexpandablesheath8hasacentrallumentoguide 

passageofthedeliveryapparatusforthemedicaldevice/prostheticheartvalve.Inan 

alternativeaspectstheintroducerdevice/sheathassemblyneednotincludethesheathhub20.  

Forexamplethesheath8canbeanintegralpartofacomponentofthesheathassemblysuch 

astheguidecatheter.AsdescribedabovethesheathScanhaveanaturalunexpandedouter 

diameterthatwillexpandlocallyuponpassageofthemedicaldevice.Incertainaspectsthe 

expandablesheath8cancompriseapluralityofcoaxiallayersextendingalongatleasta 

portionofthelengthofthesheath8. Exampleexpandablesheathsaredescribedforexample, 

inU.S. PatentApplicationNo.16/378,417entitled"ExpandableSheath" andU.S.  

ProvisionalPatentApplicationNo.62/912,569entitled"ExpandableSheath" thedisclosures 

ofwhicharehereinincorporatedbyreference.Thestructureofthecoaxiallayersisdescribed 

curving/bendingofthedistalendofthesheath8isdescribedinreferencetoFIGS. 15A-15B.  

[0099]Ingeneralthesheath8canincludeafirsttubularlayer(innerlayer102)anda 

resilientelastictubularsecondlayer104radiallyoutwardoftheinnerlayer102,theelastic 

secondlayer104beingconfiguredtoapplyradialforcetotheinnerlayer102.Whena 

medicaldevice(implant12)ispassedthroughthesheath8(FIG.iSA),thediameterofthe 

sheathStemporarilyandlocallyexpandsfromaninitialdiametertoanexpandeddiameter 

aroundthemedicaldevice(implant12).Thesheath8resilientlyreturnstotheinitialdiameter 

byradialforceappliedbytheelasticsecondlayer104uponpassageofthemedicaldevice 

(e.g.,implant12).AsprovidedinFIGS.15A-1SBthedistaltip9ofthesheathSis 

configuredtobendisadirectionawayfromalongitudinalaxisofthesheath8.Tofacilitate 

bendingthedistaltip9canbeconstructedfromamoreflexibleforamenovalisthanthe 

remainingportionofthesheath8.Thatisthedistaltip9canbeconstructedfromamaterial 
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inmoredetailbelowwithrespecttoFIGS. 11-14.Thestructurefacilitatingthe
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havingalowerstiffnessthanamaterialoftheremainingportionofthesheath8.Thedistaltip 

9canalsoincludesomefeatureortreatmentthatwouldencouragebending.Forexample, 

slitsorgroovecouldbecutintotheoutersurfaceofthesheath8alongthedistaltip9.The 

slits/grovewouldcreateaweakenedportionandvoidsalongthelengthencouragingthe 

sheathStocurvealongthisportion.Variousmethodsofbendingthedistaltip9aredescribed 

below.  

[00100] Thedistaltip9canbeintegrallyformedwiththeremainingportionofthe 

sheath8.Thatisthedistaltip9canbeconstructedfromthesamecoaxiallayeredmaterial 

structureastheremainingportionofthesheath8.Inanotherexamplethedistaltip9canbe 

coupledtothedistalendofthesheath8.Forexamplethedistaltip9canbeconstructedasa 

separateworkingchannelhavingdifferentmaterialpropertiesthanthesheath8,thatis 

coupledtothedistalendofthesheath8.Intheseexamplesthedistaltip9canbefixedly 

coupledtothedistalendofthesheath8.Forexamplethedistaltip9canbecoupledtothe 

remainingportionofthesheath8byamechanicalfastenerachemicalfastenerathermal 

processorsuitablemeansforcouplingthedistaltip9tothesheath8.Similartothesheath8, 

thedistaltip9temporarilyandlocallyexpandsfromaninitialdiametertoanexpanded 

diameteraroundthemedicaldevice(e.g.,implant12).Forexamplewhenthemedicaldevice 

ispassedthroughthecentrallumenofthedistaltip9,thediameterofthedistaltip9expands 

fromaninitialtipdiametertoanexpandedtipdiameteraroundthemedicaldevice(implant 

12).Afterthedistaltip9resilientlyreturnstotheinitialtipdiameteruponpassageofthe 

medicaldevice.Similartothesheath8,andelasticlayercanbeprovidedoverthedistaltip 

diameteruponpassageofthemedicaldevice(implant12).  

[00101] Inanexamplesystemthesheath8canincludeapullwiretofacilitatebending 

ofthedistaltip9.AsillustratedinFIG.15,thesheath8(anddistaltip9)canincludeapull 

wirelumen11extendingfromthedistaltip9ofthesheathandaproximalendofthesheath8 

andapullwire13extendingtherethrough.Thepullwirelumen11canbeembeddedwithin 

thewallthicknessofthesheath8.Inanotherexamplethepullwirelumen11isprovided 

alongthecentrallumenofthesheath8.Inafurtherexamplethepullwirelumen11is 

providedalongtheoutersurfaceofthesheath8.Itisfurthercontemplatedthatthepullwire 

13canextendthroughthecentrallumenofthesheath8oralongtheoutersurfaceofthe 

sheath. Intheseaspects, anguidefeaturemaybeprovidedalongthelengthofthecentral 

lumenand/oroutersurfaceofthesheath8toensurethepullwire13doesnotstrayfromits 

intendedroutingalongthesheath8.Regardlessofposition(withingwallthicknesswithin 
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andaradialforceappliedbytheelasticlayerurgesthedistaltip9toreturntotheinitial
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centrallumenexteriorofsheath8),thepullwirelumen11/pullwire13islaterallyoffset 

fromthelongitudinalaxisofthesheath8. Ingeneralthepullwire13extendsalongasideof 

thesheath8.Aforceappliedtothepullwirecausesthedistaltip9ofthesheath8to 

approximateacurvedshape.Tensiononthepullwire13willcurvethedistaltip9ofthe 

sheathSinadirectioncorrespondingtothepullwire13. Forexamplethepullwire13can 

extendalongafirstside(e.g.,right)ofthesheath8.Tensionapplicationtothepullwire13 

willcausethesheathS(atthedistaltip9)tocurveinadirectioncorrespondingtothefirst 

siteofthesheath(e.g.,curvetotherightawayfromthelongitudinalaxisofthesheath8).  

Similarlyreleaseofthetensiononthepullwire13willcausethesheath8tostraightenand 

returntowardstheoriginalstraightprofile.  

[00102] Thepullwire13canbecoupledtothedistaltip9atacouplingpoint 

proximatethedistalendofthesheath.Thepullwirecanbecoupledatthedistalendsurface 

ofthesheathSoratalocationproximatethedistalendsurface.Inanotherexamplethe 

couplingpointforthepullwireisoffsetfromthedistalendofthesheath8.Thepullwirecan 

becoupledtothesheath8/pullwirelumen11butamechanicalfastener(e.g.,ananchora 

clipapin)and/orchemicalfastener.Thepullwirecanalsobecoupledtothesheath/pullwire 

lumenbyaheattreatmentprocess.  

[00103] Inanotherexample(notshown),acurvedstyletmaybeusedtocurvethe 

distaltip9ofthesheath8. Forexampleacurvedstyletmaybeprovidedthatismovable 

withinthecentrallumenofthesheath8. Thedistalendofthestyletcanincludeacurved 

portionthatwhenreceivedwithinthecentrallumenofthesheath8,effectsacorresponding 

suchthatthecurvedportionofthestyletisproximatethedistaltip9ofthesheath8andthe 

styleteffectsacorrespondingcurvatureofthedistaltip9.Ingeneralthestyletmayincludea 

centrallumenforreceiving/passingoveraguidewireorothermedicaldevice.  

[00104] eVanousfeaturesofthecoaxiallayerstructureofthesheath8aredescribedin 

referencetoFIGS. 11-14.WithreferencetoFIG.11, theexpandablesheath8canincludea 

innerlayer102(alsoreferredtoasaninnerlayer),asecondlayer104disposedaroundand 

radiallyoutwardoftheinnerlayer102,athirdlayer106disposedaroundandradially 

outwardofthesecondlayer104,andafourthouterlayer108(alsoreferredtoasanouter 

layer)disposedaroundandradiallyoutwardofthethirdlayer106.Intheillustrated 

configurationtheinnerlayer102candefinethelumen112ofthesheathextendingalonga 

centralaxis114.  
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curvatureofthesheath8.Thestyletcanbemovablewithinthesheath8toafinalposition
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[00105] ReferringtoFIG.12,whenthesheath8isinanunexpandedstatetheinner 

layer102and/ortheouterlayer108canformlongitudinally-extendingfoldsorcreasessuch 

thatthesurfaceofthesheathcomprisesapluralityofridges126(alsoreferredtohereinas 

"folds").Theridges126canbecircumferentiallyspacedapartfromeachotherby 

longitudinally-extendingvalleys128.Whenthesheathexpandsbeyonditsnaturaldiameter 

Ditheridges126andthevalleys128canleveloutorbetakenupasthesurfaceradially 

expandsandthecircumferenceincreasesasfurtherdescribedbelow.Whenthesheath 

collapsesbacktoitsnaturaldiametertheridges126andvalleys128canreform.  

[00106] Incertainaspectstheinnerlayer102and/ortheouterlayer108cancomprise 

arelativelythinlayerofpolymericmaterial.Forexampleinsomeaspectsthethicknessof 

theinnerlayer102canbefrom0.01mmto0.5mm,0.02mmto0.4mmor0.03mmto0.25 

mm.Incertainaspectsthethicknessoftheouterlayer108canbefrom0.01mmto0.5mm 

0.02mmto0.4mmor0.03mmto0.25mm.  

[00107] Incertainexamplestheinnerlayer102and/ortheouterlayer108can 

comprisealubriciouslow-frictionand/orrelativelynon-elasticmaterial.Inparticular 

aspectstheinnerlayer102and/ortheouterlayer108cancompriseapolymericmaterial 

havingamodulusofelasticityof400MPaorgreater.Exemplarymaterialscanincludeultra

high-molecular-weightpolyethylene(UHMWPE)(e.g.,Dyneema®),high-molecular-weight 

polyethylene(HMWPE),orpolyetheretherketone(PEEK).Withregardtotheinnerlayer 

102inparticularsuchlowcoefficientoffrictionmaterialscanfacilitatepassageofthe 

prostheticdevicethroughthelumen112.Othersuitablematerialsfortheinnerandouter 

(ePTFE), ethylenetetrafluoroethylene(ETFE), nylon, polyethylene, polyetherblockamide 

(e.g.,Pebax),and/orcombinationsofanyoftheabove.Someaspectsofasheath8can 

includealubriciouslinerontheinnersurfaceoftheinnerlayer102.Examplesofsuitable 

lubriciouslinersincludematerialsthatcanfurtherreducethecoefficientoffrictionofthe 

innerlayer102,suchasPTFEpolyethylenepolyvinylidinefluorideandcombinations 

thereof.Suitablematerialsforalubriciouslineralsoincludeothermaterialsdesirablyhaving 

acoefficientoffrictionof0.1orless.  

[00108] Additionallysomeaspectsofthesheath8canincludeanexteriorhydrophilic 

coatingontheoutersurfaceoftheouterlayer108.Suchahydrophiliccoatingcanfacilitate 

insertionofthesheath8intoapatientsvesselreducingpotentialdamage.Examplesof 

suitablehydrophiliccoatingsincludetheHarmony T M AdvancedLubricityCoatingsandother 

AdvancedHydrophilicCoatingsavailablefromSurModicsInc.,EdenPrairieMN.DSM 
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layerscanincludepolytetrafluoroethylene(PTFE), expandedpolytetrafluoroethylene
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medicalcoatings(availablefromKoninklijkeDSMN.VHeerlentheNetherlands),aswell 

asotherhydrophiliccoatings(e.g.,PTFEpolyethylenepolyvinylidinefluoride),arealso 

suitableforusewiththesheath8.Suchhydrophiliccoatingsmayalsobeincludedonthe 

innersurfaceoftheinnerlayer102toreducefrictionbetweenthesheathandthedelivery 

systemtherebyfacilitatinguseandimprovingsafety.Insomeaspectsahydrophobic 

coatingsuchasPerylene, maybeusedontheoutersurfaceoftheouterlayer108ortheinner 

surfaceoftheinnerlayer102inordertoreducefriction.  

[00109] Incertainaspectsthesecondlayer104canbeabraidedlayer.FIGS13Aand 

13Billustratethesheath8withtheouterlayer108removedtoexposetheelasticthirdlayer 

106.WithreferencetoFIGS. 13Aand13Bthebraidedsecondlayer104cancomprisea 

pluralityofmembersorfilaments110(e.g.,metallicorsyntheticwiresorfibers)braided 

together.Thebraidedsecondlayer104canhaveanydesirednumberoffilaments110,which 

canbeorientedandbraidedtogetheralonganysuitablenumberofaxes.Forexamplewith 

referencetoFIG.13Bthefilaments110canincludeafirstsetoffilaments1iGAoriented 

paralleltoafirstaxisAandasecondsetoffilaments1lOBorientedparalleltoasecondaxis 

B. Thefilaments1iGAand1lOBcanbebraidedtogetherinabiaxialbraidsuchthat 

filaments1iGA S alongaxisAformanangle0withthefilaments11GBorientedalong 

axisB.Incertainaspectstheangle0canbefrom50to70~,10~to60~,10~to50~or10~to 

450* Intheillustratedaspecttheangle0is450*Inotheraspectsthefilaments110canalso 

beorientedalongthreeaxesandbraidedinatriaxialbraidororientedalonganynumberof 

axesandbraidedinanysuitablebraidpattern.Thebraidedsecondlayer104canextend 

aportionofthelengthofthesheath.Inparticularaspectsthefilaments110canbewires 

madefrommetal(e.g.,Nitinolstainlesssteeletc.),oranyofvariouspolymersorpolymer 

compositematerialssuchascarbonfiber.Incertainaspectsthefilaments110canberound 

andcanhaveadiameteroffrom0.01mmto0.5mm,0.03mmto0.4mmor0.05mmto 

0.25mm.Inotheraspectsthefilaments110canhaveaflatcross-sectionwithdimensionsof 

0.01mmx0.01mmto0.5mmx0.5mmor0.05mmx0.05mmto0.25mmx0.25mm.In 

oneaspectfilaments110havingaflatcross-sectioncanhavedimensionsof0.1mmx0.2 
S 

mm.Howeverothergeometnesandsizesarealsosuitableforcertainaspects.Ifbraided 

wireisusedthebraiddensitycanbevaried.Someaspectshaveabraiddensityoffromten 

picksperinchtoeightypicksperinchandcanincludeeightwiressixteenwiresorupto 

fifty-twowiresinvariousbraidpatterns.Inotheraspectsthesecondlayer104canbelaser 
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alongsubstantiallytheentirelengthLofthesheath8,oralternativelycanextendonlyalong
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cutfromatubeorlaser-cutstampedpunchedetc.,fromsheetstockandrolledintoa 

tubularconfiguration.Thesecondlayer104canalsobewovenorknittedasdesired.  

[00110] Thethirdlayer106canbearesilientelasticlayer(alsoreferredtoasan 

elasticmateriallayer).Incertainaspectstheelasticthirdlayer106canbeconfiguredto 

applyforcetotheunderlyinglayers102and104inaradialdirection(e.g.,towardthecentral 

axis114ofthesheath)whenthesheathexpandsbeyonditsnaturaldiameterbypassageofthe 

deliveryapparatusthroughthesheath.Stateddifferentlytheelasticthirdlayer106canbe 

configuredtoapplyencirclingpressuretothelayersofthesheathbeneaththeelasticthird 

layer106tocounteractexpansionofthesheath.Theradiallyinwardlydirectedforceis 

sufficienttocausethesheathtocollapseradiallybacktoitsunexpandedstateafterthe 

deliveryapparatusispassedthroughthesheath.  

[00111] Intheillustratedaspecttheelasticthirdlayer106cancompriseoneormore 

membersconfiguredasstrandsribbonsorbands116helicallywrappedaroundthebraided 

secondlayer104.Forexampleintheillustratedaspecttheelasticthirdlayer106comprises 

twoelasticbands116Aand116Bwrappedaroundthebraidedsecondlayer104withopposite 

helicityalthoughtheelasticlayermaycompriseanynumberofbandsdependinguponthe 

desiredcharacteristics.Theelasticbands116Aand116Bcanbemadefromforexampleany 

ofavarietyofnaturalorsyntheticelastomersincludingsiliconerubbernaturalrubberany 

ofvariousthermoplasticelastomerspolyurethanessuchaspolyurethanesiloxane 

copolymersurethaneplasticizedpolyvinylchloride(PVC),styrenicblockcopolymers 

polyolefinelastomersetc.Insomeaspectstheelasticlayercancompriseanelastomeric 

layer106cancompriseamaterialexhibitinganelongationtobreakof200%orgreateroran 

elongationtobreakof400%orgreater.Theelasticthirdlayer106canalsotakeotherforms 

suchasatubularlayercomprisinganelastomericmaterialameshashrinkablepolymer 

layersuchasaheat-shrinktubinglayeretc.Inlieuoforinadditiontotheelasticthirdlayer 

106,thesheath8mayalsoincludeanelastomericorheat-shrinktubinglayeraroundtheouter 

layer108.ExamplesofsuchelastomericlayersaredisclosedinU.S. PublicationNo.  

2014/0379067,U.S.PublicationNo.2016/0296730,andU.S.PublicationNo.2018/0008407, 

whichareincorporatedhereinbyreference.Inotheraspectstheelasticthirdlayer106can 

alsoberadiallyoutwardofthepolymericouterlayer108.  

[00112] Incertainaspectsoneorbothoftheinnerlayer102and/ortheouterlayer108 

canbeconfiguredtoresistaxialelongationofthesheath8whenthesheathexpands.More 

particularlyoneorbothoftheinnerlayer102and/ortheouterlayer108canresiststretching 
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materialhavingamodulusofelasticityof200MPaorless.Insomeaspectstheelasticthird
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againstlongitudinalforcescausedbyfrictionbetweenaprostheticdeviceandtheinner 

surfaceofthesheathsuchthatthelengthLremainssubstantiallyconstantasthesheath 

expandsandcontracts.AsusedhereinwithreferencetothelengthLofthesheaththeterm 

substantiallyconstant"meansthatthelengthLofthesheathincreasesbynotmorethan1%, 

bynotmorethan5%,bynotmorethan10%,bynotmorethan15%,orbynotmorethan 

20%.MeanwhilewithreferencetoFIG.13B, thefilaments1iGAand1lOBofthebraided 

secondlayer104canbeallowedtomoveangularlyrelativetoeachothersuchthattheangle 

6changesasthesheathexpandsandcontracts.Thisincombinationwiththelongitudinal 

folds126inthelayers102and108canallowthelumen112ofthesheathtoexpandasa 

prostheticdeviceisadvancedthroughit.  

[00113] Forexampleinsomeaspectstheinnerlayer102andtheouterlayer108can 

beheat-bondedduringthemanufacturingprocesssuchthatthebraidedsecondlayer104and 

theelasticthirdlayer106areencapsulatedbetweenthelayers102and108.More 

specificallyincertainaspectstheinnerlayer102andtheouterlayer108canbeadheredto 

eachotherthroughthespacesbetweenthefilaments110ofthebraidedsecondlayer104 

and/orthespacesbetweentheelasticbands116.Thelayers102and108canalsobebonded 

oradheredtogetherattheproximaland/ordistalendsofthesheath.Incertainaspectsthe 

layers102and108arenotadheredtothefilaments110.Thiscanallowthefilaments110to 

moveangularlyrelativetoeachotherandrelativetothelayers102and108allowingthe 

diameterofthebraidedsecondlayer104,andtherebythediameterofthesheathtoincrease 

ordecrease.Astheangle6betweenthefilaments11OAand1lOBchangesthelengthofthe 

secondlayer104canforeshortenandastheangle0decreasesthebraidedsecondlayer104 

canlengthentotheextentpermittedbytheareaswherethelayers102and108arebonded.  

Howeverbecausethebraidedsecondlayer104isnotadheredtothelayers102and108,the 

changeinlengthofthebraidedlayerthataccompaniesachangeintheangle0betweenthe 

filaments11OAand1lOBdoesnotresultinasignificantchangeinthelengthLofthesheath.  

[00114] FIG.13illustratesradialexpansionofthesheath8asaprostheticdevice(e.g., 

implant12)ispassedthroughthesheathinthedirectionofarrow132(e.g.,distally).Asthe 

prostheticdevice(implant12)isadvancedthroughthesheath8,thesheathcanresiliently 

expandtoaseconddiameterD2thatcorrespondstoasizeordiameteroftheprosthetic 

device.Astheprostheticdevice(implant12)isadvancedthroughthesheath8,theprosthetic 

devicecanapplylongitudinalforcetothesheathinthedirectionofmotionbyvirtueofthe 

frictionalcontactbetweentheprostheticdeviceandtheinnersurfaceofthesheath.However, 
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braidedsecondlayer104canalsochange.Forexampleastheangle0increasesthebraided
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asnotedabovetheinnerlayer102and/ortheouterlayer108canresistaxialelongationsuch 

thatthelengthLofthesheathremainsconstantorsubstantiallyconstant.Thiscanreduceor 

preventthebraidedlayersecond104fromlengtheningandtherebyconstrictingthelumen 

112.  

[00115] Meanwhiletheangle6betweenthefilaments1iGAand1lOBcanincreaseas 

thesheathexpandstotheseconddiameterD2toaccommodatetheprostheticvalve.Thiscan 

causethebraidedsecondlayer104toforeshorten.Howeverbecausethefilaments110are 

notengagedoradheredtothelayers102or108,theshorteningofthebraidedsecondlayer 

104attendanttoanincreaseintheangle0doesnotaffecttheoveralllengthLofthesheath.  

Moreoverbecauseofthelongitudinally-extendingfolds126formedinthelayers102and 

108,thelayers102and108canexpandtotheseconddiameterD2withoutrupturinginspite 

ofbeingrelativelythinandrelatively S InthismannerthesheathScanresiliently 

expandfromitsnaturaldiameterDitoaseconddiameterD2thatislargerthanthediameter 

Diasaprostheticdeviceisadvancedthroughthesheathwithoutlengtheningandwithout 

constricting.Thustheforcerequiredtopushtheprostheticimplantthroughthesheathis 

significantlyreduced.  

[00116] Additionallybecauseoftheradialforceappliedbytheelasticthirdlayer106, 

theradialexpansionofthesheathScanbelocalizedtothespecificportionofthesheath 

occupiedbytheprostheticdevice.ForexamplewithreferencetoFIG.14,astheprosthetic 

device(implant12)movesdistallythroughthesheath8,theportionofthesheath 

immediatelyproximaltotheprostheticdevice(e.g.,implant12)canradiallycollapsebackto 

108canalsobuckleasthecircumferenceofthesheathisreducedcausingtheridges126and 

thevalleys128toreform.Thiscanreducethesizeofthesheathrequiredtointroducea 

prostheticdeviceofagivensize.Additionallythetemporarylocalizednatureofthe 

expansioncanreducetraumatothebloodvesselintowhichthesheathisinsertedalongwith 

thesurroundingtissuebecauseonlytheportionofthesheathoccupiedbytheprosthetic 

deviceexpandsbeyondthesheath'snaturaldiameterandthesheathcollapsesbacktothe 

initialdiameteroncethedevicehaspassed.Thislimitstheamountoftissuethatmustbe 

stretchedinordertointroducetheprostheticdeviceandtheamountoftimeforwhicha 

givenportionofthevesselmustbedilated.  

[00117] Amethodforcontrollingarticulation/bendingofadeliverysheathisdisclosed 

herein.Themethodincludesprovidinganexpandableintroducersheathwithacentrallumen 

extendingtherethroughandapullwirecoupledtothedistalendofthesheath.Atensionforce 
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theinitialdiameterDiundertheinfluenceoftheelasticthirdlayer106.Thelayers102and
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isappliedtoaproximalendofthepullwireresultinginacorrespondingbending 

motion/curvatureofthesheathinadirectionawayfromthelongitudinalaxisofthesheath.  

Whentheforceisreleasedfromthepullwirethesheathreturnsbacktowardthelongitudinal 

axisofthesheath.Insomesheathsthedistaltipportionincludesafeature(e.g.,isconstructed 

fromamoreflexiblematerialincludesasurfacetreatmentincludesslots/groovesonthe 

outersurfaceofthesheath)thatfacilitatecurvingofthedistaltipportionwithrespecttothe 

remainderofthesheath.Intheseexamplesonlythedistaltipportionofthesheathcurvesin 

responsetotensionbeingappliedonthepullwire.Inanotherexamplethesheathcurves 

alonganentirelengthofthesheath.  

[00118] Anotherexamplemethodforcontrollingarticulation/bendingofadelivery 

sheathincludesprovidinganexpandableintroducersheathwithacentrallumenextending 

therethroughwhereadistaltipportionofthesheathismoreflexiblethanaproximalportion 

ofthesheath.Astyletisinsertedintothecentrallumenofthesheaththestyletincludinga 

curvedportionforeffectingacurveonthesheath.Whenthecurvedportionofthestyletis 

alignedwiththedistaltipportionthedistaltipportioninadirectioncorrespondingtothe 

curvatureofthestylet.Forexamplethestyletmayincludeacurvedportionhavinga 

curvatureextendinginadirectionawayfromthelongitudinalaxisofthesheath.Whenthe 

curvedportionofthestyletalignswiththemoreflexibleportionofthesheatha 

correspondingcurvingeffectisaccomplished.Insomeexamplesthestyletincludesacurved 

portionthatcurvesinadirectionawayfromthelongitudinalaxisofthesheathresultingina 

correspondingcurvatureinthesheath.Removingthestyletatleastpartiallyfromthecentral 

flexibleportionofthesheathwillresultinthesheathreturningtoitsoriginalcurvature.  

[00119] Amethodofdeliveringamedicaldeviceusinganarticulatingintroducer 

sheathisdisclosedherein.Themethodcomprisesinsertingasheathatleastpartiallyintothe 

bloodvesselofthepatient.Inanexamplemethodthesheathisintroducedintothepatientvia 

thefemoralvein.Thedistalendofthesheathisthenadvancedtoafirstlocationproximate 

thetreatmentsite.Forexampleinatransseptalapproachformitralvalverepair/replacement 

thesheathisadvancedviatheinferiorvenacavaintotherightatrium.Insomeexamplesa 

guidewireispositionedatthetreatmentsiteandthesheathisadvancedovertheguidewire.  

[00120] Thedistalendofthesheathiscurvedtofacilitateaccesstothetreatmentsite.  

Intheexampleofatransseptalapproachformitralvalvereplacementitisnecessarytocurve 

theendofthesheathtoaccessthemitralvalvethroughtheforamenovalis.  
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lumenofthesheathsuchthatthecurvedportionofthestyletisnolongeralignedwithmore
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[00121] Withtheendofthesheathcurvedthesheathand/oramedicaldevicecanbe 

advancedfromthefirstlocation(withintherightatrium)tothetreatmentsite(atthemitral 

valve).Accessingthetreatmentsitemayrequirecreatinganopeningthehearttissue(e.g., 

foramenovalis)ofthepatient.Inthisexampleacuttinginstrumentcanbeadvancedthrough 

thesheathtocreateanopeninginthepatientshearttissue.Cuttinginstrumentsincludefor 

exampleaBrockenbrough-typeneedle.Usingthecuttinginstrumentanincisionismadein 

thehearttissue(e.g.,foramenovalis),thecuttinginstrumentwithdrawnandthedistalendof 

thesheathisadvancedthroughtheopeninginthepatientshearttissue.  

[00122] Amedicaldevice(e.g.,animplant)isadvancedthroughthecentrallumenof 

thesheathtothetreatmentsite.Wherethedistalendofthesheathisprovidedthroughan 

openinginthepatient'shearttissue, advancingthemedicaldevicetothetreatmentsite 

includesadvancingthemedicaldeviceviathesheaththroughtheopeninginthehearttissue.  

[00123] Thesheathislocallyexpandingfromaninitialcondition/diametertoalocally 

expandedcondition/diameterbytheoutwardlydirectedradialforceofthemedicaldevice 

againsttheinnerwallofthecentrallumenofthesheath.Thesheathisthenlocallycontracted 

fromthelocallyexpandedconditionatleastpartiallybacktotheinitialconditionusing 

inwardlydirectedradialforceanelasticfeatureofthesheath.  

[00124] Withthedistalendofthesheathpositionedatthetreatmentsitethemedical 

deviceisdeployedbeyondthesheathanddeliveredtothepatient.Whenthedistalendofthe 

sheathprovidedthroughanopeninginthepatientshearttissueopeningwithintheheart 

tissueisexpandedbythepassingmedicaldeviceandreleasedbacktowardsitsinitial 

largeincisionsizeandtheuseofashuntoraccesstubetomaintaintheopeninginforamen 

ovalisthelocallyexpandingarticulatingsheathofthepresentdisclosureallowsforamuch 

smallerincisionopeningasonlythesheathneedstobeinserted(andmaintained)inthe 

openingintheforamenovalis.Asaresulttheincisionsizeisreducedfromapproximately 

1.5"tolessthan0.5".Moreoverbecausetheincisionisonlyexpandedtemporarilyduring 

passageoftheimplantandalargeopeningdoesnothavetobemaintained(e.g.,byshunt), 

lessstressisplacedontissuesurroundingtheopening.Thereisalsolessconcernforadverse 

eventspostprocedurerelatedtoclosingtheincisionorleakagearoundashuntleftinplace 

becausetheincisionissignificantlysmallerandshutsarenotrequired.  

EXEMPLARYASPECTS 

[00125] Inviewofthedescribedprocessesandcompositionshereinbeloware 

describedcertainmoreparticularlydescribedaspectsofthedisclosures.Theseparticularly 
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recitedaspectsshouldnothoweverbeinterpretedtohaveanylimitingeffectonany 

differentclaimscontainingdifferentormoregeneralteachingsdescribedhereinorthatthe 

"particular"aspectsaresomehowlimitedinsomewayotherthantheinherentmeaningsof 

thelanguageandformulasliterallyusedtherein.  

[00126] Example1"Asheathlockingsystemcomprising:anintroducerlockinghub 

comprisingahubbodyhavingaproximalendandadistalendanddefiningacentrallumen 

extendinglongitudinallybetweentheproximalendandthedistalendandalockingchannel 

disposedonthehubbody;andasheathlockingsleeveremovablycoupledtotheintroducer 

lockinghubthesheathlockingsleevecomprisingasleevebodyhavingaproximalendanda 

distalendanddefiningacentrallumenextendinglongitudinallybetweentheproximalend 

andthedistalendaguidedisposedonanoutersurfaceofthesleevebodywhereintheguide 

ismovablewithinthelockingchannelbetweenanunlockedpositionwherethesheath 

lockingsleeveisrotationallyandaxiallymovablewithrespecttotheintroducerlockinghub, 

andalockedpositionwherethesheathlockingsleeveisaxiallyfixedwithrespecttothe 

introducerlockinghub.  

[00127] Example2:Thesystemaccordingtoanyexamplehereinparticularlyexample 

1, whereintheguideprotrudesfromtheoutersurfaceofthelockingsleeveandextendsat 

leastpartiallyaroundacircumferenceofthesheathlockingsleeve.  

[00128] Example3:Thesystemaccordingtoanyexamplehereinparticularly 

examples1-2,whereintheguidecomprisesacylindricalshapedprojectionextendingfrom 

theoutersurfaceofthesheathlockingsleeve.  

examples1-3,whereinatopsurfaceoftheguidedoesnotextendbeyondtheoutersurfaceof 

theintroducerlockinghubwhenthesheathlockingsleeveandtheintroducerlockinghubare 

coupled.  

[00130] Example5:Thesystemaccordingtoanyexamplehereinparticularlyexample 

4,whereintheguidehasaheightcorrespondingtoawallthicknessoftheintroducerlocking 

hubproximatetheguidewhenthesheathlockingsleeveandtheintroducerlockinghubare 

coupled.  

[00131] Example6:Thesystemaccordingtoanyexamplehereinparticularly 

examples1-3,whereinatopsurfaceoftheguideextendsbeyondtheoutersurfaceofthe 

introducerlockinghubwhenthesheathlockingsleeveandtheintroducerlockinghubare 

coupled.  
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[00132] Example7:Thesystemaccordingtoanyexamplehereinparticularlyexample 

6,whereintheguidehasaheightgreaterthanwallthicknessoftheintroducerlockinghub 

proximatetheguidewhenthesheathlockingsleeveandtheintroducerlockinghubare 

coupled.  

[00133] Example8:Thesystemaccordingtoanyexamplehereinparticularly 

examples1-7,whereinthecentrallumenofthesheathlockingsleeveisalignedwiththe 

centrallumenoftheintroducerlockinghub.  

[00134] Example9:Thesystemaccordingtoanyexamplehereinparticularly 

examples1-8,whereinthecentrallumenofthesheathlockingsleeveiscoaxialwiththe 

centrallumenoftheintroducerlockinghub.  

[00135] Example10:Thesystemaccordingtoanyexamplehereinparticularly 

examples1-9,whereinatleastaportionofthesleevebodyofthesheathlockingsleeveis 

receivedwithinthecentrallumenoftheintroducerlockinghub.  

[00136] Example11:Thesystemaccordingtoanyexamplehereinparticularly 

example10,whereintheportionofthesleevebodyincludestheguide.  

[00137] Example12:Thesystemaccordingtoanyexamplehereinparticularly 

examples10or11, whereintheportionofthesleevebodyisadjacenttheproximalendofthe 

ofthesheathlockingsleeve, 

[00138] whereinwhentheportionofthesleevebodyisreceivedwithinthecentral 

lumenoftheintroducerlockinghubtheproximalendsurfaceofthesheathlockingsleeveis 

adjacentashoulderprovidedonaninnersurfaceofthecentrallumenoftheintroducer 

[00139] Example13:Thesystemaccordingtoanyexamplehereinparticularly 

examples1-12,whereinthecentrallumenoftheintroducerlockinghubincludesafirst 

portionhavingafirstdiameteradjacenttheproximalendoftheintroducerlockinghubanda 

secondportionhavingasecondlargerdiameteradjacentthedistalendoftheintroducer 

lockinghubwhereinatleastaportionofthesleevebodyofthesheathlockingsleeveis 

receivedwithinthesecondportionofthecentrallumenoftheintroducerlockinghub.  

[00140] Example14:Thesystemaccordingtoanyexamplehereinparticularly 

examples1-13,whereinthelockingchannelisformedasatleastoneofarecessorgroovein 

asurfaceoftheintroducerlockinghubaslottedopeningoracombinationthereof 

[00141] Example15:Thesystemaccordingtoanyexamplehereinparticularly 

examples1-14,whereinthelockingchannelincludesaguideportionandalockingportion 

whereintheguideportionisconfiguredtodirecttheguideinanaxialdirectionalongaside 
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walloftheguideportiontowardsthelockingportionuponrotationofatleastoneofthe 

introducerlockinghubandthesheathlockingsleevethewhereinthelockingportionofthe 

lockingchannelisconfiguredtosecurelyengagetheguidefixinganaxialpositionofthe 

introducerlockinghubwithrespecttothesheathlockingsleeve.  

[00142] Example16:Thesystemaccordingtoanyexamplehereinparticularly 

examples15,whereintheguideportionofthelockingchannelextendsfromthedistalendof 

theintroducerlockinghubaxiallytowardstheproximalendoftheintroducerlockinghuband 

circumferentiallyaroundtheintroducerlockinghub.  

[00143] Example17:Thesystemaccordingtoanyexamplehereinparticularly 

examples16,whereintheguideportionofthelockingchannelextendshelicallyaroundand 

alongalengthoftheintroducerlockinghub.  

[00144] Example18:Thesystemaccordingtoanyexamplehereinparticularly 

examples15-17,whereinthelockingportionofthelockingchannelextendsatananglefrom 

theendoftheguideportion.  

[00145] Example19:Thesystemaccordingtoanyexamplehereinparticularly 

example18, whereintheanglebetweenacenterlineoftheguideportionandacenterlineof 

thelockingportionisgreaterthan90-degrees.  

[00146] Example20:Thesystemaccordingtoanyexamplehereinparticularly 

examples15-19,whereinthelockingportionextendsaroundaportionofthecircumference 

oftheintroducerlockinghubparalleltothedistalendoftheintroducerlockinghub.  

[00147] Example21:Thesystemaccordingtoanyexamplehereinparticularly 

lockingportion.  

[00148] Example22:Thesystemaccordingtoanyexamplehereinparticularly 
S 

examples15-21, whereinthelockingportionincludesacatchsecuringtheguidewithinthe 

lockingportionofthelockingchannel.  

[00149] Example23:Thesystemaccordingtoanyexamplehereinparticularly 

example22,whereinthecatchextendsfromasidewallofthelockingportiontowardsthe 

centerofthelockingchannel.  

[00150] Example24:Thesystemaccordingtoanyexamplehereinparticularly 

example1-23,whereintheintroducerlockinghubincludesasecondlockingchannelandthe 

sheathlockingsleeveincludesasecondguidethesecondguidemovablewithinthesecond 

lockingchannelbetweenanunlockedandlockedposition.  
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[00151] Example25:Thesystemaccordingtoanyexamplehereinparticularly 

example24,whereintheintroducerlockinghubincludesathirdlockingchannelandthe 

sheathlockingsleeveincludesathirdguidethethirdguidemovablewithinthethirdlocking 

channelbetweenanunlockedandlockedposition.  

[00152] Example26:Thesystemaccordingtoanyexamplehereinparticularly 

examples1-25,whereinthedistalendoftheintroducerlockinghubincludesatapered 

surfaceangledtowardanopeningofthelockingchannel.  

[00153] Example27:Thesystemaccordingtoanyexamplehereinparticularly 

examples1-26,whereinthedistalendoftheintroducerlockinghubincludesafirsttapered 

surfaceangledtowardsaleadingedgeofanopeningofthelockingchannelandasecond 

taperedsurfaceangledtowardsthetrailingedgeoftheopeningofthelockingchannel.  

[00154] Example28:Thesystemaccordingtoanyexamplehereinparticularly 

examples1-27,whereintheguideisconfiguredtobiasthelockingsleeveinaproximalaxial 

directiontowardtheproximalendoftheintroducerlockinghubwhenthesheathlocking 

sleeveisrotatedinanfirstaxialdirectionsuchthattheguideadvancestowardthelocking 

portionofthelockingchannelintothelockedposition.  

[00155] Example29:Thesystemaccordingtoanyexamplehereinparticularly 

examples1-28,whereintheguideisconfiguredtobiasthelockingsleeveinadistalaxial 

directiontowardthedistalendoftheintroducerlockinghubwhenthesheathlockingsleeve 

isrotatedinasecondaxialdirectionsuchthattheguideadvancesawayfromthelocking 

portionofthelockingchanneltotheunlockedposition.  

exampleswhereinrotationinthesecondcausestheguidetobiasagainstthecatchand 

overcometheoppositionalforcesofthecatchretainingtheguidewithinthelockingportion 

ofthelockingchannel.  

[00157] Example31:Thesystemaccordingtoanyexamplehereinparticularly 

examples1-30,whereinthesheathlockingsleeveissecurelycouplabletoasheathhubthe 

sheathhubhavinganelongatedbodyportionwithacentrallumenextendingtherethrough 

andanexpandablesheathcoupledtoadistalendofthebodyportionwhereacentrallumen 

oftheexpandablesheathisalignedwiththecentrallumensofthesheathhubthesheath 

lockingsleeveandtheintroducerlockinghub.  

[00158] Example32:Thesystemaccordingtoanyexamplehereinparticularly 

examples1-31, whereinaportionofthelockingsleeveoverlapsaxiallywiththelockinghub 

whenthelockingchannelengagestheguide.  
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[00159] Example33:Thesystemaccordingtoanyexamplehereinparticularly 

examples1-32,whereintheintroducerlockinghubbodyfurthercomprisesgnppingsurfaces.  

[00160] Example34:Thesystemaccordingtoanyexamplehereinparticularly 

examples33,whereinthegrippingsurfacesarerecessedsurfacesinthelockinghubbody.  

[00161] Example35:Thesystemaccordingtoanyexamplehereinparticularly 

examples33-34,whereinthegrippingsurfacesareprovidedonoppositesidesofthelocking 

hubbody.  

[00162] Example36:Thesystemaccordingtoanyexamplehereinparticularly 

examples33-35,whereinthegrippingsurfacesareprovidedalongatleastfiftypercentofthe 

lengthofthelockinghubbody.  

[00163] Example37:Thesystemaccordingtoanyexamplehereinparticularly 

examples33-36,whereinthegrippingsurfacesdefineadog-boneshapedoutersurfaceofthe 

introducerlockinghubincrosssection.  

[00164] Example38:Thesystemaccordingtoanyexamplehereinparticularly 

examples1-37,whereinthelockingsleeveisformedfromrigidplastic.  

[00165] Example39:Thesystemaccordingtoanyexamplehereinparticularly 

examples1-38,whereinthelockingsleeveisformedfrompolycarbonate.  

[00166] Example40:Thesystemaccordingtoanyexamplehereinparticularly 

examples1-39,whereinthelockinghubisformedfromrigidplastic.  

[00167] Example41:Thesystemaccordingtoanyexamplehereinparticularly 

examples1-40,whereinthelockinghubisfomciedfrompolycarbonate.  

examples1-41, furtherincludinganelongatedsheathmembercoupledtothesheathlocking 

sleevethesheathmemberextendingbeyondthedistalendofthehubbodythesheath 

memberhavingacentrallumenextendingtherethroughthecentrallumenofthesheath 

memberalignedwiththecentrallumenofthesheathlockingsleeve.  

[00169] Example43:Thesystemaccordingtoanyexamplehereinparticularly 

example42,whereinthelockingsleevefomisacontinuousinnerlumenwiththelumenofthe 

sheath.  

[00170] Example44:Thesystemaccordingtoanyexamplehereinparticularly 

examples42-43,whereinthesheathmemberiscoupledtothesheathlockingsleeveviaa 

sheathhubwhereinthesheathiscoupledtothesheathhubandthesheathhubiscoupledto 

thesheathlockingsleeve.  
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[00171] Example45:Thesystemaccordingtoanyexamplehereinparticularly 

examples1-44furtherincluding:anelongatedintroducermembercoupledtotheintroducer 

lockinghubtheintroducermemberextendingbeyondthedistalendofthehubbodyand 

throughthecentrallumenofthesheathlockingsleevetheintroducermemberhavinga 

centrallumenextendingtherethroughthecentrallumenoftheintroducermemberaligned 

withthecentrallumenoftheintroducerlockinghub.  

[00172] Example46:Thesystemaccordingtoanyexamplehereinparticularly 

example45,whereintheintroducermemberisdisposedwithinthecentrallumenofthe 

sheathmember.  

[00173] Example47:Thesystemaccordingtoanyexamplehereinparticularly 

examples45-46,whereintheelongatedintroducermemberisreceivedwithinarecessed 

openingprovidedonaninteriorsurfaceofthelockinghubtherecessedopeningaxially 

alignedwiththecentrallumenofthelockinghub.  

[00174] Example48:Thesystemaccordingtoanyexamplehereinparticularly 

examples45-47,whereintheintroducermemberisfixedlycoupledtotheintroducerlocking 

hub.  

[00175] Example49:Thesystemaccordingtoanyexamplehereinparticularly 

examples45-48,whereintheintroducermemberiscoupledtotherecessedopeningofthe 

lockinghubbyatleastoneofapressfitaninterferencefitasnapfitamechanicalfastener 

aweldandanadhesive.  

[00176] Example50:Thesystemaccordingtoanyexamplehereinparticularly 

correspondingtoadiameterofthecentrallumenoftheintroducerlockinghub.  

[00177] Example51:Thesystemaccordingtoanyexamplehereinparticularly 

examples45-50,whereinthecentrallumenoftheintroducermemberhasadiameterless 

thanadiameterofthecentrallumenoftheintroducerlockinghub.  

[00178] Example52:Thesystemaccordingtoanyexamplehereinparticularly 

examples45-51, whereinatleastaportionofthecentrallumenoftheintroducerlockinghub 

hasadecreasingtaperbetweentheproximalendandthedistalendofthehubbody.  

[00179] Example53:Thesystemaccordingtoanyexamplehereinparticularly 

examples45-52,whereinatleastaportionofthediameterofthecentrallumenofthesheath 

isaboutthediameteroftheintroducersuchthatthesheathandintroducercanbeusedto 

gentlyexpandthepatientsvasculaturetoadiametercorrespondingtoanouterdiameterof 

thesheath.  
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[00180] Example54:Amethodofdeliveringaprostheticdevicetoaproceduresite 

themethodcomprising:providinganintroducerlockinghubhavinganelongatedintroducer 

coupledtoahubbodyofthelockinghubtheintroducerlockinghubincludingalocking 

channeldisposedinthehubbody~advancingasheathlockingsleevetoapositionadjacenta 

distalendoftheintroducerlockinghubsuchthataguideprojectingfromanoutersurfaceof 

thesheathlockingsleeveisreceivedwithinalockingchannelopeningontheintroducer 

lockinghubthesheathlockingsleevecoupledtoanexpandabledeliverysheathwhere 

advancingthesheathlockingsleevetoapositionadjacentthedistalendoftheintroducer 

lockinghubincludesadvancingtheintroduceraxiallywithinthecentrallumenofthe 

expandabledeliverysheath~rotatingtheintroducerlockinghubinafirstdirectionwith 

respecttothelockingsleevetomovetheguidealongthelockingchannelintoalocked 

positioirinsertingthecoupledsheathandintroduceratleastpartiallyintothevasculatureof 

thepatient;rotatingtheintroducerlockinghubinaseconddirectionwithrespecttothe 

lockingsleevetoslidetheguidealongthelockingchannelintoanunlockedpositiow 

disengagingtheintroducerlockinghubfromthelockingsleeve~withdrawingtheintroducer 

fromthecentrallumenofthesheath;advancingamedicaldevicethroughthecentrallumen 

ofthesheath~anddeliveringthemedicaldevicetoaproceduresiteviathecentrallumenof 

thesheath.  

[00181] Example55:Themethodaccordingtoanyexamplehereinparticularly 

example54,whereinmovementoftheguidealongthelockingchannelintoalockedposition 

includes:movementoftheguidealongaguideportionofthelockingchanneltowarda 

extendsfromthedistalendoftheintroducerlockinghubaxiallytowardstheproximalendof 

theintroducerlockinghubandcircumferentiallyaroundtheintroducerlockinghub;wherein 

furtherrotationoftheintroducerlockinghubdirectstheguideintothelockingportionofthe 

lockingchannelthelockingportionconfiguredtosecurelyengagetheguideandfixtheaxial 

positionoftheintroducerlockinghubwithrespecttothesheathlockingsleeve.  

[00182] Example56:Themethodaccordingtoanyexamplehereinparticularly 

examples54-55,whereinthelockingportionofthelockingchannelextendsatananglefrom 

theendoftheguideportion.  

[00183] Example57:Themethodaccordingtoanyexamplehereinparticularly 

examples54-56,whereinthelockingportionincludesacatchthatsecurestheguidewithin 

thelockingportionofthelockingchannel.  

36 

lockingportionofthelockingchannelwheretheguideportionofthelockingchannel



WO20221056352 PCT/IJS2021/050006 

[00184] Example58:Themethodaccordingtoanyexamplehereinparticularly 

example57,whereinrotationoftheintroducerlockinghubinthefirstdirectioncausesthe 

guidetoovercomethebiasforceofthecatchandadvancetheguidebeyondthecatchintothe 

lockingportionwherethecatchsecurestheguidewithinthelockingportiontherebyfixing 

theaxiallocationofthesheathwithrespecttotheintroducer.  

[00185] Example59:Themethodaccordingtoanyexamplehereinparticularly 

examples54-58,whereinrotatingtheintroducerlockinghubintheseconddirectioncauses 

theguidetosidealongthelockingchannelfromthelockingportiontowardtheguide 

portionwhereinfurtherrotationoftheintroducerlockinghubintheseconddirectiondirects 

theguideoutofthelockingportionofthelockingchannelandthroughtheguideportionto 

releasetheintroducerlockinghubfromthesheathlockingsleeve.  

[00186] Example60:Themethodaccordingtoanyexamplehereinparticularly 

examples54-59,whereinrotationoftheintroducerlockinghubintheseconddirection 

causestheguidetoovercomethebiasforceofthecatchandadvancefromthelockingportion 

totheguideportionofthelockingchannel.  
[00187] Example61:Amethodof S 

secunngadeliverysheathtoanintroducerina 

deviceforprostheticheartvalvedeliverydevicethemethodcomprising:providingan 

introducerlockinghubhavinganelongatedintroducercoupledtoahubbodyofthelocking 

hubtheintroducerlockinghubincludingalockingchanneldisposedinthehubbody~ 

advancingasheathlockingsleevetoapositionadjacentadistalendoftheintroducerlocking 
hubsuchthataguide I.  

projectingfromanoutersurfaceofthesheathlockingsleeveisreceived 

coupledtoanexpandabledeliverysheathwhereadvancingthesheathlockingsleevetoa 

positionadjacentthedistalendoftheintroducerlockinghubincludesadvancingthe 

introduceraxiallywithinthecentrallumenoftheexpandabledeliverysheath~rotatingthe 

introducerlockinghubinafirstdirectionwithrespecttothelockingsleevetomovetheguide 

alongthelockingchannelintoalockedpositiowrotatingtheintroducerlockinghubina 

seconddirectionwithrespecttothelockingsleevetomovetheguidealongthelocking 

channelintoanunlockedposition.  

[00188] Example62:Themethodaccordingtoanyexamplehereinparticularly 

example61, whereinmovementoftheguidealongthelockingchannelintoalockedposition 

includes:movementoftheguidealongaguideportionofthelockingchanneltowarda 

lockingportionofthelockingchannelwheretheguideportionofthelockingchannel 

extendsfromthedistalendoftheintroducerlockinghubaxiallytowardstheproximalendof 
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theintroducerlockinghubandcircumferentiallyaroundtheintroducerlockinghub~wherein 

furtherrotationoftheintroducerlockinghubdirectstheguideintothelockingportionofthe 

lockingchannelthelockingportionconfiguredtosecurelyengagetheguideandfixtheaxial 

positionoftheintroducerlockinghubwithrespecttothesheathlockingsleeve.  

[00189] Example63:Themethodaccordingtoanyexamplehereinparticularly 

example61, whereintheguideportionofthelockingchannelextendsfromthedistalendof 

theintroducerlockinghubaxiallytowardstheproximalendoftheintroducerlockinghuband 

circumferentiallyaroundtheintroducerlockinghub.  

[00190] Example64:Themethodaccordingtoanyexamplehereinparticularly 

examples61-62,whereinthelockingportionofthelockingchannelextendsatananglefrom 

theendoftheguideportion.  

[00191] Example65:Themethodaccordingtoanyexamplehereinparticularly 

examples61-63, whereinthelockingportionincludesacatchthatsecurestheguidewithin 

thelockingportionofthelockingchannel.  

[00192] Example66:Themethodaccordingtoanyexamplehereinparticularly 

example64,whereinrotationoftheintroducerlockinghubinthefirstdirectioncausesthe 

guidetoovercomethebiasforceofthecatchandadvancetheguidebeyondthecatchintothe 

lockingportionwherethecatchsecurestheguidewithinthelockingportiontherebyfixing 

theaxiallocationofthesheathwithrespecttotheintroducer.  

[00193] Example67:Themethodaccordingtoanyexamplehereinparticularly 

examples61-65,whereinrotatingtheintroducerlockinghubintheseconddirectioncauses 

portionwhereinfurtherrotationoftheintroducerlockinghubintheseconddirectiondirects 

theguideoutofthelockingportionofthelockingchannelandthroughtheguideportionto 

releasetheintroducerlockinghubfromthesheathlockingsleeve.  

[00194] Example68:Themethodaccordingtoanyexamplehereinparticularly 

examples61-66,whereinrotationoftheintroducerlockinghubintheseconddirection 

causestheguidetoovercomethebiasforceofthecatchandadvancefromthelockingportion 

totheguideportionofthelockingchannel.  

[00195] Example69:Anexpandableintroducersheathfordeployingamedicaldevice 

comprising:afirstlayerincludingacentrallumenextendingaxiallytherethrough~aresilient 

elasticlayerradiallyoutwardofthefirstlayertheelasticlayerbeingconfiguredtoapply 

radialforcetothefirstlayerandwhereinwhenamedicaldeviceispassedthroughthe 

sheaththediameterofthesheathexpandsfromaninitialdiametertoanexpandeddiameter 
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aroundthemedicaldevicewhereinthesheathresilientlyreturnstotheinitialdiameterby 

radialforceappliedbytheelasticlayeruponpassageofthemedicaldevicewhereinadistal 

tipofthesheathisconfiguredtobendisadirectionawayfromalongitudinalaxisofthe 

sheath.  

[00196] Example70:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexample69,whereinthedistaltipofthesheathismoreflexiblethanaremaining 

portionofthesheath.  

[00197] Example71:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexamples69-70,whereinthedistaltipisconstructedfromamaterialhavinga 

lowerstiffnessthanamaterialoftheremainingportionofthesheath.  

[00198] Example72:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexamples69-71, whereinthedistaltipisintegrallyformedwiththeremaining 

portionofthesheath.  

[00199] Example73:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexamples69-71, whereinthedistaltipiscoupledtotheremainingportionofthe 

sheath.  

[00200] Example74:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexample73,whereinthedistaltipisfixedlycoupledtotheremainingportionof 

thesheath.  

[00201] Example75:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexample73,whereinthedistaltipiscoupledtotheremainingportionofthe 

thereof.  

[00202] Example76:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexample69,whereinthedistaltipisradiallyexpandablewhereinwhena 

medicaldeviceispassedthroughthedistaltipadiameterofthedistaltipexpandsfroman 

initialtipdiametertoanexpandedtipdiameteraroundthemedicaldevice.  

[00203] Example77:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexamples69-76,whereinthedistaltipresilientlyreturnstotheinitialtip 

diameterbyradialforceappliedbyanelastictiplayeruponpassageofthemedicaldevice.  

[00204] Example78:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexample77,whereintheelastictiplayercomprisestheelasticlayerextended 

overalengthofthedistaltip.  
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[00205] Example79:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexamples69-78,whereinthedistaltipincludesthefirstlayerandtheelastic 

layer.  

[00206] Example80:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexamples69-79furtherincluding:apullwirelumenextendingfromthedistaltip 

ofthesheathandaproximalendofthesheath~apullwirefixedlycoupledtothedistaltipof 

thesheathandpassingthroughthepullwire , whereinaforceappliedtothepullwire 

causesthedistaltipofthesheathtoapproximateacurvedshape.  

[00207] Example81:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexample80,whereinthepullwirelumenislaterallyoffsetfromthecentral 

lumenofthefirstlayeradjacentafirstsideofthesheath.  

[00208] Example82:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexample81, whereinthesheathcurvesinadirectiontowardsthefirstsideofthe 

sheath.  

[00209] Example83:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexamples69-82,furtherincluding:acurvedstyletmovablewithinthecentral 

lumenofthefirstlayerwhereinadistalendofthestyletincludesacurvedportionthatwhen 

receivedwithinthecentrallumenofthefirstlayereffectsacorrespondingcurvatureofthe 

sheath.  

[00210] Example84:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexample83,whereinthestyletismovablewithinthesheathtoafinalposition 

effectsacorrespondingcurvatureofthedistaltip.  

[00211] Example85:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexamples83-84,whereinthestyletincludesacentrallumenextending 

therethrough.  

[00212] Example86:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexamples69-85,whereinwhenthediameterofthesheathexpandsfromthe 

initialdiametertotheexpandeddiameterwhileresistingaxialelongationofthesheathsuch 

thatalengthofthesheathremainssubstantiallyconstant.  

[00213] Example87:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexamples69-86,whereinthefirstlayerisafirstpolymericlayer.  

[00214] Example88:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexample87furthercomprising:abraidedlayerradiallyoutwardofthefirst 
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polymericlayerthebraidedlayercomprisingapluralityoffilamentsbraidedtogethegthe 

resilientelasticlayerradiallyoutwardofthebraidedlayerasecondpolymericlayerradially 

outwardoftheelasticlayerandbondedtothefirstpolymericlayersuchthatthebraidedlayer 

andtheelasticlayerareencapsulatedbetweenthefirstandsecondpolymeric , wherein 

theresilientelasticlayerisradiallyoutwardofthebraidedlayertheelasticlayerbeing 

configuredtoapplyradialforcetothebraidedlayerandthefirstpolymericlayer.  

[00215] Example89:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexample88,whereinwhenthediameterofthesheathexpandsfromtheinitial 

diametertotheexpandeddiameterthefirstandsecondpolymericlayersresistaxial 

elongationofthesheathsuchthatalengthofthesheathremainssubstantiallyconstant.  

[00216] Example90:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexamples88-89,thefirstandsecondpolymericlayerscompriseapluralityof 

longitudinally-extendingfoldswhenthesheathisatthefirstdiameter.  

[00217] Example91:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexample90,whereinthelongitudinallyextendingfoldscreateapluralityof 

circumferentiallyspacedridgesandapluralityofcircumferentiallyspacedvalleys.  

[00218] Example92:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexample91, whereinasamedicaldeviceispassedthroughthesheaththeridges 

andvalleyslevelouttoallowthesheathtoradiallyexpand.  

[00219] Example93:Theexpandablesheathaccordingtoanyexampleherein 

[00220] Example94:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexamples88-93,whereintheelasticlayercomprisesoneormoreelasticbands 

helicallywoundoverthebraidedlayer.  

[00221] Example95:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexamples88-94,whereintheelasticlayercomprisestwoelasticbandswound 

withoppositehelicity.  

[00222] Example96:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexamples88-95,whereinthefilamentsofthebraidedlayeraremovablebetween 

thefirstandsecondpolymericlayerssuchthatthebraidedlayerisconfiguredtoradially 

expandasamedicaldeviceispassedthroughthesheathwhilethelengthofthesheath 

remains5ubstantiallyconstant.  
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[00223] Example97:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexample96,whereinthefilamentsofthebraidedlayerarenotengagedor 

adheredtothefirstorsecondpolymericlayers.  

[00224] Example98:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexamples88-97,whereinthefilamentsofthebraidedlayerareresiliently 

buckledwhenthesheathisatthefirstdiameterandthefirstandsecondpolymericlayersare 

attachedtoeachotheratapluralityofopenspacesbetweenthefilamentsofthebraidedlayer.  

[00225] Example99:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexample98,whereinthefirstandsecondpolymericlayersareattachedtoeach 

otheratapluralityofopenspacesbetweenthefilamentsofthebraidedlayer.  

[00226] Example100:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexample69,whereinthefirstlayerincludesathickwallportionintegrally 

connectedtoathinwallportionwhereinthethickwallportionhasaC-shapedcrosssection 

withafirstlongitudinallyextendingendandasecondlongitudinallyextendingendand 

whereinthethinwallportionextendsbetweenthefirstandsecondlongitudinallyextending 

endssoastodefineanexpandedcentrallumenextendingaxiallythroughthefirstlayerthe 

expandedcentrallumendefinedbytheexpandeddiameter.  

[00227] Example101:Theexpandablesheathaccordingtoanyexampleherein 

particularlyexample100,whereinthefirstlayerinanon-expandedconditionextends 

throughthecentrallumenoftheelasticlayerwiththefirstlongitudinallyextendingendofthe 

firstlayerunderthesecondlongitudinallyextendingendoftheinnertubularlayer.  

particularlyexample101, whereinthefirstlayerinalocallyexpandedconditionhasthefirst 

andsecondlongitudinallyextendingendsradiallyexpandedapartintoalessoverlapping 

conditionwiththethinwallportionextendingtherebetweentoformtheexpandedcentral 

lumen.  

[00229] Example103:Amethodforcontrollingarticulation/bendingofadelivery 

sheaththemethodincludes: 

[00230] providinganexpandableintroducersheathwithacentrallumenextending 

therethroughwhereadistaltipportionofthesheathismoreflexiblethanaproximalportion 

ofthesheath~ 

[00231] applyingaforcetoapullwirecoupledtoadistalendofthesheathtobendthe 

distaltipportioninadirectionawayfromalongitudinalaxisofthesheath~ 
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[00232] releasingtheforceonthepullwiretoreturnthedistaltipportiontoback 

towardsthelongitudinalaxisofthesheath.  

[00233] Example104:Amethodforcontrollingarticulation/bendingofadelivery 

sheaththemethodincludes: 

[00234] providinganexpandableintroducersheathwithacentrallumenextending 

therethroughwhereadistaltipportionofthesheathismoreflexiblethanaproximalportion 

ofthesheath~insertingastyletintothecentrallumenofthesheathwherethestyletincludes 

acurvedportionforeffectingacurveonthesheath;aligningthecurvedportionofthestylet 

withthedistaltipportiontocurvethedistaltipportioninadirectionawayfromthe 

longitudinalaxisofthesheathremovingthestyletatleastpartiallyfromthecentrallumenof 

thesheathsuchthatthecurvedportionofthestyletisnolongeralignedwiththedistaltip 

portionofthesheathtoreturnthedistaltipportionbacktowardsthelongitudinalaxisofthe 

sheath.  

[00235] Example105:Amethodofdeliveringamedicaldevicethemethod 

comprising:insertingthesheathatleastpartiallyintothebloodvesselofthepatient 

advancingadistalendofthesheathtoafirstlocationproximatethetreatmentsitecurving 

thedistalendofthesheath~advancingthedistalendofthesheathtothetreatmentsite 

advancingamedicaldevicethroughthecentrallumenofthesheathtothetreatmentsite 

locallyexpandingthesheathfromaninitialcondition/diametertoalocallyexpanded 

condition/diameterbytheoutwardlydirectedradialforceofthemedicaldevicelocally 

contractingthesheathfromthelocallyexpandedconditionatleastpartiallybacktotheinitial 

themedicaldevicetothetreatmentsite.  

[00236] Example106:Themethodaccordingtoanyexamplehereinparticularly 

example105,whereinthesheathisintroducedtothepatientviathefemoralvein.  

[00237] Example107:Themethodaccordingtoanyexamplehereinparticularly 

examples105-106,whereinadvancingthedistalendofthesheathtothetreatmentsite 

includescreatinganopeninginthehearttissueofthepatient.  

[00238] Example108:Themethodaccordingtoanyexamplehereinparticularly 

example107,whereinadvancingthemedicaldevicetothetreatmentsiteincludesadvancing 

themedicaldevicethroughtheopeninginthehearttissue.  

[00239] Example109:Themethodaccordingtoanyexamplehereinparticularly 

example108,whereintheopeningwithinthehearttissueisexpandedbythepassingmedical 

devicewithinthesheath.  
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[00240] Example110:Themethodaccordingtoanyexamplehereinparticularly 

examples105-109furthercomprising:advancingacuttinginstrumenttothetreatmentsite 

andusingthecuttinginstrumenttocreatetheopeninginthehearttissue.  

[00241] Example111"Themethodaccordingtoanyexamplehereinparticularly 

example110,whereinthecuttinginstrumentisaBrockenbrough-typeneedle.  

[00242] Example112Themethodaccordingtoanyexamplehereinparticularly 

examples107-111, whereintheopeningcomprisesanincisionintheforamenovalis.  

[00243] Example113:Themethodaccordingtoanyexamplehereinparticularly 

examples105-112furthercomprising:advancingthedistalendofthesheaththroughthe 

openingpatientshearttissue.  

[00244] Inviewofthemanypossibleaspectstowhichtheprinciplesofthedisclosed 

disclosurecanbeapplieditshouldberecognizedthattheillustratedaspectsareonly 

preferredexamplesofthedisclosureandshouldnotbetakenaslimitingthescopeofthe 

disclosure.Ratherthescopeofthedisclosureisdefinedbythefollowingclaims.We 
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CLAIMS 

Whatisclaimedis.  

1. Asheathlockingsystemcomprising: 

anintroducerlockinghubcomprisingahubbodyhavingaproximalendandadistal 

endanddefiningacentrallumenextendinglongitudinallybetweentheproximalendandthe 

distalendandalockingchanneldisposedonthehubbody~and 

asheathlockingsleeveremovablycoupledtotheintroducerlockinghubthesheath 

lockingsleevecomprisingasleevebodyhavingaproximalendandadistalendanddefining 

acentrallumenextendinglongitudinallybetweentheproximalendandthedistalend, guide 

disposedonanoutersurfaceofthesleevebody, 

whereintheguideismovablewithinthelockingchannelbetweenanunlocked 

positionwherethesheathlockingsleeveisrotationallyandaxiallymovablewithrespectto 

theintroducerlockinghubandalockedpositionwherethesheathlockingsleeveisaxially 

fixedwithrespecttotheintroducerlockinghub.  

2. Thesystemofclaims1, whereintheguideprotrudesfromtheoutersurfaceof 

thelockingsleeveandextendsatleastpartiallyaroundacircumferenceofthesheathlocking 

sleeve.  

33 Thesystemofanyoneofclaims1-2,whereinthecentrallumenofthesheath 

lockingsleeveisalignedwiththecentrallumenoftheintroducerlockinghub.  

4. Thesystemofanyoneofclaims1-3,whereinthelockingchannelincludesa 

whereintheguideportionisconfiguredtodirecttheguideinanaxialdirectionalong 

asidewalloftheguideportiontowardsthelockingportionuponrotationofatleastoneof 

theintroducerlockinghubandthesheathlockingsleevethewhereinthelockingportionof 

thelockingchannelisconfiguredtosecurelyengagetheguidefixinganaxialpositionofthe 

introducerlockinghubwithrespecttothesheathlockingsleeve.  

5. Thesystemofanyoneofclaims1-4,whereinthelockingportionincludesa 

catchsecuringtheguidewithinthelockingportionofthelockingchannel.  

6. Thesystemofanyoneofclaims1-5,whereintheguideisconfiguredtobias 

thelockingsleeveinadistalaxialdirectiontowardthedistalendoftheintroducerlocking 

hubwhenthesheathlockingsleeveisrotatedinasecondaxialdirectionsuchthattheguide 

advancesawayfromthelockingportionofthelockingchanneltotheunlockedposition 
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whereinrotationinthesecondcausestheguidetobiasagainstthecatchandovercome 

theoppositionalforcesofthecatchretainingtheguidewithinthelockingportionofthe 

lockingchannel.  

7. Thesystemofanyoneofclaims1-6,whereinthesheathlockingsleeveis 

securelycouplabletoasheathhubthesheathhubhavinganelongatedbodyportionwitha 

centrallumenextendingtherethroughandanexpandablesheathcoupledtoadistalendofthe 

bodyportionwhereacentrallumenoftheexpandablesheathisalignedwiththecentral 

lumensofthesheathhubthesheathlockingsleeveandtheintroducerlockinghub.  

8. Thesystemanyofclaims1-7,whereinaportionofthelockingsleeve 

overlapsaxiallywiththelockinghubwhenthelockingchannelengagestheguide.  

9. Thesystemofanyoneofclaims1-8,furtherincluding: 

anelongatedsheathmembercoupledtothesheathlockingsleevethesheathmember 

extendingbeyondthedistalendofthehubbodythesheathmemberhavingacentrallumen 

extendingtherethroughthecentrallumenofthesheathmemberalignedwiththecentral 

lumenofthesheathlockingsleeve~and 

anelongatedintroducermembercoupledtotheintroducerlockinghubtheintroducer 

memberextendingbeyondthedistalendofthehubbodyandthroughthecentrallumenofthe 

sheathlockingsleevetheintroducermemberhavingacentrallumenextendingtherethrough, 

thecentrallumenoftheintroducermemberalignedwiththecentrallumenoftheintroducer 

lockinghub, 

whereinthelockingsleeveformsacontinuousinnerlumenwiththelumenofthe 

whereintheintroducermemberisdisposedwithinthecentrallumenofthesheath 

member.  

10. Amethodofsecuringadeliverysheathtoanintroducerinadevicefor 

prostheticheartvalvedeliverydevicethemethodcomprising.  

providinganintroducerlockinghubhavinganelongatedintroducercoupledtoahub 

bodyofthelockinghubtheintroducerlockinghubincludingalockingchanneldisposedin 

thehubbody; 

advancingasheathlockingsleevetoapositionadjacentadistalendoftheintroducer 

lockinghubsuchthataguideprojectingfromanoutersurfaceofthesheathlockingsleeveis 

receivedwithinalockingchannelopeningontheintroducerlockinghubthesheathlocking 

sleevecoupledtoanexpandabledeliverysheathwhereadvancingthesheathlockingsleeve 
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toapositionadjacentthedistalendoftheintroducerlockinghubincludesadvancingthe 

introduceraxiallywithinthecentrallumenoftheexpandabledeliverysheath~ 

rotatingtheintroducerlockinghubinafirstdirectionwithrespecttothelocking 

sleevetomovetheguidealongthelockingchannelintoalockedpositioir 

rotatingtheintroducerlockinghubinaseconddirectionwithrespecttothelocking 

sleevetomovetheguidealongthelockingchannelintoanunlockedposition.  

11. Themethodofclaim10,whereinmovementoftheguidealongthelocking 

channelintoalockedpositionincludes: 

movementoftheguidealongaguideportionofthelockingchanneltowardalocking 

portionofthelockingchannelwheretheguideportionofthelockingchannelextendsfrom 

thedistalendoftheintroducerlockinghubaxiallytowardstheproximalendoftheintroducer 

lockinghubandcircumferentiallyaroundtheintroducerlockinghuk 

whereinfurtherrotationoftheintroducerlockinghubdirectstheguideintothe 

lockingportionofthelockingchannelthelockingportionconfiguredtosecurelyengagethe 

guideandfixtheaxialpositionoftheintroducerlockinghubwithrespecttothesheath 

lockingsleeve.  

12. Anexpandableintroducersheathfordeployingamedicaldevicecomprising: 

afirstlayerincludingacentrallumenextendingaxiallytherethrough, 

aresilientelasticlayerradiallyoutwardofthefirstlayertheelasticlayerbeing 

configuredtoapplyradialforcetothefirstlayegand 

whereinwhenamedicaldeviceispassedthroughthesheaththediameterofthe 

whereinthesheathresilientlyreturnstotheinitialdiameterbyradialforceappliedby 

theelasticlayeruponpassageofthemedicaldevice 

whereinadistaltipofthesheathisconfiguredtobendisadirectionawayfroma 

longitudinalaxisofthesheath.  

13. Theexpandablesheathofclaim12,whereinthedistaltipofthesheathismore 

flexiblethanaremainingportionofthesheath.  

14. Theexpandablesheathofanyoneofclaims12-13furtherincluding: 

apullwirelumenextendingfromthedistaltipofthesheathandaproximalendofthe 

sheath 

apullwirefixedlycoupledtothedistaltipofthesheathandpassingthroughthepull 

wirelumew 
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whereinaforceappliedtothepullwirecausesthedistaltipofthesheathto 

approximateacurvedshape.  

15. Theexpandablesheathofanyoneofclaims12-14,furtherincluding.  

acurvedstyletmovablewithinthecentrallumenofthefirstlayerwhereinadistal 

endofthestyletincludesacurvedportionthatwhenreceivedwithinthecentrallumenofthe 

firstlayereffectsacorrespondingcurvatureofthesheath.  

16. Theexpandablesheathofclaim15,whereinthestyletismovablewithinthe 

sheathtoafinalpositionsuchthatthecurvedportionofthestyletisproximatethedistaltip 

ofthesheathandthestyleteffectsacorrespondingcurvatureofthedistaltip.  

17. Theexpandablesheathofclaim16furthercomprising.  

abraidedlayerradiallyoutwardofthefirstpolymericlayerthebraidedlayer 

comprisingapluralityoffilamentsbraidedtogether 

theresilientelasticlayerradiallyoutwardofthebraidedlayer; 

asecondpolymericlayerradiallyoutwardoftheelasticlayerandbondedtothefirst 

polymenclayersuchthatthebraidedlayerandtheelasticlayerareencapsulatedbetweenthe 

firstandsecondpolymericlayers 

whereintheresilientelasticlayerisradiallyoutwardofthebraidedlayertheelastic 

layerbeingconfiguredtoapplyradialforcetothebraidedlayerandthefirstpolymericlayer.  

18. Theexpandablesheathofclaim17, whereinwhenthediameterofthesheath 

expandsfromtheinitialdiametertotheexpandeddiameterthefirstandsecondpolymeric 

layersresistaxialelongationofthesheathsuchthatalengthofthesheathremains 

19. Theexpandablesheathofanyoneofclaims17-18,thefirstandsecond 
S 

polymenclayerscompriseapluralityoflongitudinally-extendingfoldswhenthesheathisat 

thefirstdiameter.  

20. Theexpandablesheathofclaim19,whereinthelongitudinallyextendingfolds 

createapluralityofcircumferentiallyspacedridgesandapluralityofcircumferentially 

spacedvalleys.  

21. Theexpandablesheathofanyoneofclaims17-20,whereinthefilamentsof 

thebraidedlayeraremovablebetweenthefirstandsecondpolymericlayerssuchthatthe 

braidedlayerisconfiguredtoradiallyexpandasamedicaldeviceispassedthroughthe 

sheathwhilethelengthofthesheathremainssubstantiallyconstant.  

22. Theexpandablesheathofanyoneofclaims17-21, whereinthefilamentsof 

thebraidedlayerareresilientlybuckledwhenthesheathisatthefirstdiameterandthefirst 
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andsecondpolymericlayersareattachedtoeachotheratapluralityofopenspacesbetween 

thefilamentsofthebraidedlayer.  

23. Theexpandablesheathofclaim22,whereinthefirstlayerincludesathick 

wallportionintegrallyconnectedtoathinwallportionwhereinthethickwallportionhasa 

C-shapedcrosssectionwithafirstlongitudinallyextendingendandasecondlongitudinally 

extendingendandwhereinthethinwallportionextendsbetweenthefirstandsecond 

longitudinallyextendingendssoastodefineanexpandedcentrallumenextendingaxially 
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throughthefirstlayertheexpandedcentrallumendefinedbytheexpandeddiameter.
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