1 TRANSAPI CAL DELI VERY SYSTEM FOR HEART VALVES Rel at ed Applications

[ 0001] The present application clains priority under 35 U S.C. 119(e) to
U. S. proweizonalosappl i cati on nunber 61/225,510 fil ed JulpgTA%201200809 Fi el d
of the Invention [ 0002] The present invention relates to nethods and
systens used to deliver a prosthetic valve to a heart. Mre specifically,
the present invention relates to nethods and apparatus for surgically
replacing a heart val ve without opening the chest cavity and with or

w t hout placing the patient on bypass,_t{he latter being termed "of f-punp.”
Background of the Invention

TRANSAPICAL DELIVERY SYSTEM FOR HEART VALVES

Related Applications

[0001] The present application claims priority under 35 U.S.C. §119(e)
to U.S. provisional application number 61/225,510 filed July 14, 2009.

Field of the Invention

[0002] The present invention relates to methods and systems used to
deliver a prosthetic valve to a heart. More specifically, the present invention
relates to methods and apparatus for surgically replacing a heart valve without
opening the chest cavity and with or without placing the patient on bypass, the

latter being termed “off-pump.”

Backeround of the Invention

[0003]Heart valve replacement may be indicated when there is a
narrowing of the native heart valve, commonly referred to as stenosis, or when
the native valve leaks or regurgitates, such as when the leaflets are calcified.
When replacing the valve, the native valve may be excised and replaced with
either a biologic or a mechanical valve. Mechanical valves require lifelong
anticoagulant medication to prevent blood clot formation, and clicking of the
valve often may be heard through the chest. Biologic tissue valves typically do
not require such medication. Tissue valves may be obtained from cadavers or
may be porcine or bovine, and are commonly attached to cloth-covered
synthetic rings and/or leaflet support frames that are secured to the patient’s
heart valve annulus.

[0004]Conventional heart valve surgery is an open-heart procedure
conducted under general anesthesia. An incision is made through the patient’s
sternum (sternotomy), and the patient’s heart is stopped while blood flow is
rerouted through a heart-lung “cardiopulmonary” bypass machine. Valve

replacement surgery is a highly invasive operation with significant concomitant



[ 0003] 1- kart val ve replacenent may be indicated when there is a narrow ng
of the native heart valve, comonly referred to as stenosis, or when the
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under general anesthesia. An incision is made through the patient's sternum
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as well as sudden death. Fullyﬁz-S%o patients die ring surgery.
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factors associ gt.egd W th the heart-lung machine. The first 2-3 days

follow ng surgery are spent in an intensive care unit where heart functions
can be cl osely nonili080dth rcTére ygwer adyendvospistial “nghiaplly-snvbsveleemgety t o 2

weeks, with seyeral . ks .10 nths r ir for.. lLete recovery.
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i nt ervent i onal paeautalicob:0gypldramentenic dr aged samevalvey e Serq@ainens Vavpur sue
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bal | oon- expandabl e stent integrated with a_bioprosthetic valve. The
stent/val ve de?fFIEé?teﬂGW(%ﬂhi ?_églOP‘i?étgﬁ&fv\Eﬂst Tg%l&g‘étzvf‘ elﬁéé‘rc‘f’ V2 ‘%f‘él?gi S
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open, thereby alleviating a need to excise the native valve. The Edwards
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avoi di ng gener anesthesria an en- heart surgery. pl e Heart
Val ve may be i oséint edihteansidDe faroadtbry wideh ldchle aRstheni|wsing Mldedsco@e y syst em

or transapically with the AscendraTM deliyery syste A description of the
Ascendr aThi del Y PSRBT ETBE ai el en i SR Eifieato Bt at TBH No.
2007-0112422 t gagRetrdasdatii Wilve may be ink&¥A6F4kR\0rapK i With et RetroFlex™

m ni mal | y-i nvasi ve heart val ves use sel f-expanding stents as anchors. In
t he per cut aneotdVerdowkst uir aFangaically Wil the pegshde Shdeltvepr dcE8ur 8 accurate

pl acenent of t t j.C o Y t. nar ia is
O it cal . Thouohe PRRR AU aRLNEn BLRKLY Skt W ERIATE LS % e
del i very syst ebhuhirttidn M C007A0EH 2pP2a0dmbdsshiim. veri fi ed by fl uoroscopy, the

sel f-expandi ng st 6%06@}5&186% i [l)rllorj lélﬁrp m?rrlllﬁl%l)c—lerlvgs%\?eeqiearltt Veill§es use self-
expanding stents as anchors. In the percutaneous/endovascular aortic valve
replacement procedure, accurate placement of the prosthetic valve relative to
the coronary ostia is critical. Though the proximal end of the stent is not
released from the delivery system until accurate placement is verified by

fluoroscopy, the self-expanding stent may still jump once released. It is



- 3 - therefore often difficult to know where the ends of the stent wll be
wWith respect to the native valve and surroundi ng structures.

[ 0007] U. SvoRat1assiblo. 6, 425,916 to Garrison et al. descrPChas2@otowopi ece
device for replacenment of the aortic valve that is adapted for delivery
through a patient's aorta. A stent is endovascul arly placed across the
native valve, then a replacenent valve is positioned wthin the |unen of
the stent and connected thereto. By separating the stent and the val ve
during delivery, a so-called "two-stagej_approach, the profile of the
delivery system can be reduced. Both the stent and a frame of the

repl acenent val ve ndabl e 00081Sone

resear chers pr B5t&ae Pﬁﬁ1%ﬁ¥?h %FH%WW%? eﬂ th%%?@&@lgfwﬁ ESBSttic

annul us througﬂnﬁeM@ﬁ@wmcyhmmuagmmq%@humﬁgg i nstance, Christoph H Huber of
t he Bri gham and Wnen's Hospit of Harvard Medical School, and others,

have proposed a pr dQ8%IFe- PW£WH$EW4§5§§?P(%%B%Wd?ﬁb dpgliRes advenmiecy s

inplanted at tp&iRatt ieplaBQiint bOMe HSHiD Yalfe Haf B GHapAGCOS GelivEANRRRIER!
approach. (E.g., Huber, et al. Direct-access valve replacéenent a novel

approach for oPﬁFtLepUWf\?alAlﬁemr*rfp‘FIﬁlﬁYaéWlﬁ#V RIgfedgeiral e datseaitvs. than am Col |
Car di ol 2005; %@agéﬁent ngl)ve 1sT B@sﬂ%n‘e@ '\xﬁfﬁkn &quﬂn&? opﬂle%? and %I)nn%a]:ted recomrend

use of the procedure only f animals with nornmal, noncalcified | eaflets.
More recently, thBestqH&y Wpﬁlﬁtﬂlg e stPeitaad thepubkidoting Hively, 2 XOGBEO2B0200

di scl oses anot L}g%e”t %Q&P't&aéroﬁ‘{épc{f%ec@el % "@i € &htGlaRePL2BbL@AA: O

sel f - expandi ng ant ed so proposes renovi ng or
decal ci fyi ng s&@ﬂ@nd@ﬁvmbvé®eH$M®ﬂndnw@aena&beb@kon(ﬂpdftmao¢¢@s"

techni ques t hoth ! [ﬁ)ﬁ&S]So Ve@‘ %és&tercﬁﬁhagroﬁ S¢ 131[[)}an r?%algrogtﬂgtlc ﬁ'ea?t Val\fel§lr ger y are

not called, "mnimllTy-Invasive NOW pri mari used to
refer to val vemed\emcwmnelds usdud) aedze(nn@ataedpmaachetfe)r $nstainee, t(]mast\zsplsﬂul ature

br ovi busl y. knotie st eyt aprel ke Nl PG EFRIREL A Epen- near
surgery or car duhapuhmr;abpbsaypq&&edurean which ai seBlekyaniding agilvweest@itacedur es,
| mproved et hods AN APRR AL NS S St AsR & FR ROl S s SYSRad eSS
i nvasive are n
(E.g., Huber, et al. Direct-access valve replacement a novel approach for off-
pump valve implantation using valved stents. J Am Coll Cardiol 2005; 46:366-
70). The clinical studies by Huber, et al. recommend use of the procedure only
for animals with normal, noncalcified leaflets. More recently, Bergheim in U.S.
Patent Publication No. 2005/0240200 discloses another transapical approach in
which either a balloon- or self-expanding valve may be implanted, and also
proposes removing or decalcifying stenotic valves. Such direct-access or “port
access” techniques though less invasive than conventional open heart surgery
are not called, “minimally-invasive,” as that term is now primarily used to refer
to valves delivered using elongated catheters via the vasculature (i.e.,
endovascularly).

[0009]In view of drawbacks associated with previously known
techniques for replacing a heart valve without open-heart surgery or
cardiopulmonary bypass, i.e., minimally-invasive procedures, improved
methods and apparatuses that are more robust and even less invasive are

needed.



4 Summary of the Invention [ 0010] Preferred enbodi nents of the present
i nvention provide a heart valve delivery systemfor delivery of a

pr ost het iwo@2p11g088icepl acenent) heart valve to a native walus2&iowe19s t hout
an open chest procedure. The delivery systemincludes a valve delivery
catheter having a steerable section to facilitate positioning of the valve.
[0011] I n accordance with one enbodi nent of the present application, a

medi cal catheter introducer includes an el ongated tubul ar sheath extendi ng
distally froma proxi mal housing and coptaining at |east one introducer
valve for fluidly sealing around a catheter. The sheath has a proxi mal
segnent with a first stiffness extending a length L of at | east one half
the I ength of the sheath, and aSdi of yamHiomi t h a second stiffness |ess
than the first stif i I ' I - l.ength / of

t he distal section [frogﬁoagrg e?&%\éﬁ gﬁgtﬁt&z?élgre%:errﬁ ﬁﬁtgogl gvﬁgé;gihﬁ%ﬁt, t he

| ength L of t healpy delivenylsyseyiienielivegy af a beabetic2de.creplaggngent)Heattenlge h / of t he
di stal section _ranges between .about 6-9 cm Al t t upul ar sheat h may
have an inner [ %3%1V§nv ?Vg Srltgi“ﬁlﬁ' Orcihg egocﬁ'FStt%%cteglg%t hq%gx(tég\ﬁeéy ts%szenénti re

| engt h, and at inckdsst at vadves deliviegnsatbéteotiieéng tauktegable ssaione® hailitng di f f er ent
duroneters that create _the differing stiffnesses of the sheath.

[ 0012] Anot her B¥EROMEH N '858d herein is a nedical introducer and heart

\éal veI dgl : ?/ery c?t f‘{@??l_’]lrp@ﬂ&’tlmbi\@m (merémb'b&ihiagtd(ﬁ (BE prieWeRL ﬁpprlliaithﬁterl havi ng a
istal balloon of sufficient diangter to expand a crinped heart valve
thereon. An i nP¥giaYcethefandpiroques (Peldgshan gunpdiet yubuky gg‘faél? “€$BYBE hr ough has
an el ongat ed t glulipfroshgabimexicands i@l @nsimdd i 1daE@R: hupticoer t@le PPUSi ng. The
proxi mal housing contains at |east one introducer valve for fluidly sealing
around a proxi FBIIY Balfghareend heatbrden vBieysheath hat aProxing ssy@eRtvithug t her
includes a proﬁsmiff&%&%éhhm‘gﬂatl@n%h L drst 1eadiioht RES theaXioandl MO s@altengt h L of
at | east one half the length of the sheath, and a distal section with a
second stiffnesdtd didistadrsepitont Wi at georid; gtiffnesst lesss her sheafigt gtiffemsgyand | . A

t ubul ar | oader j t el ves..a: di ion of the
del i very cat he?zgﬁg %]Eeég@uf{amegggﬁgg eglreh g\fior%]g&s(%l%/tglcstegt}% '?%%ké’%&%’;‘ ng mating
structure on aaguoilfeh. dndnoémbdiememt the tngdrL hidths progingi degnenbis at

least 24 cm, and the length / of the distal section ranges between about 6-9 cm.

Also, the tubular sheath may have an inner liner and a reinforcing coil that both
extend the entire length, and at least two sections of outer tubes in series having
different durometers that create the differing stiffnesses of the sheath.
[0012]Another aspect disclosed herein is a medical introducer and heart
valve delivery catheter combination comprising a delivery catheter having a
distal balloon of sufficient diameter to expand a crimped heart valve thereon.
An introducer that receives the delivery catheter therethrough has an elongated
tubular sheath extending distally from a proximal housing. The proximal
housing contains at least one introducer valve for fluidly sealing around a
proximal length of the delivery catheter. The sheath further includes a proximal
segment with a first stiffness extending a length L of at least one half the length
of the sheath, and a distal section with a second stiffness different than the first
stiffness and a length Z A tubular loader defines a throughbore that receives a
distal portion of the delivery catheter, the tubular loader having structure for

engaging mating structure on a proximal end of the introducer housing and a



di stal nose that extends through and opens the introducer valve and
facilitates passage therethrough of the balloon of the delivery catheter.

[ 0013] A swol2b11foessiber feature of the present applicati olrCirasSaommdisoal

i ntroducer and heart val ve delivery catheter conbination, conprising a
delivery catheter having a distal balloon of sufficient dianeter to expand
a crinped heart valve thereon. The catheter includes a marker band at a
proxi mal end of the balloon, and a tubular val ve pusher that noves

l ongitudinally with respect to the ballgon and has a distal marker band. An
i ntroducer having an el ongated tubul ar sheath extending distally froma
proxi mal housing contajns at |east one introducer valye far fluidly sealing
around a proxi af?@ﬁdfﬁeﬁFmPH‘CH@??Wﬁ?Wméngé?%LWer “ﬁ%ﬁ#@ﬂ &' sheath
has a t hr oughbpiseack ter@o6808 10S ballbén etehd ¥aifyryCahhet er and a marker dot
array around its distal tip to distinguish the distal tip fromthe marker
bands of the bal | 0d®05HA e fythenbqature of the pregepf |1apPlifation daAceedifd h a still
further aspect jn@diRehflcatt VAvOdGRFy Al 8afbinMRNY@ndRilsinY @rdéli¢d) het er

conbi nation conprises a delivery catheter, an introducer, and a tubul ar

| oader t her ebetdiassy having a disfal b@%yn ehtthidient dipgstes tagxpend 2 gENPeIdaTHT

suf ficient di apatefhelBn ©4RRGNACHERBED RGALE YAl NG JDEREPMHd Jfige | Nt roducer
has an el ongated tubul ar sheath extending distally froma proxi mal housing
whi ch cont ai nsbaloohaadn twndar valve pusberghatyiveelofgiudinally with respest forige ar ound a
pr oxi mel | engt Qalﬁ))fo talﬂg hqﬁlal Xl@tﬁymﬁﬁ(tep%glﬁf A'i' P@IJOJhYcer BMné la{p Léllo%r atF(? ader

i ncl udes a through%ore that receives a distal portion of the delivery

cat het er, strutbulaesteah caegdige dgtatimfionga porucd bowingreoataps @klepdlonend of t he
i ntroducer housjn n distal ngse that exten t hr.ough an ens the
i ntroducer valﬁg?g¥ggfgr$£rﬂﬁﬁa’ﬁgég%én?%gﬁEP%?%%%ﬁﬂgﬁl@%@eggﬁvggn of the
del i very cat hetalicterThHkhelin@dRrerashsoh hasa ehrqrebhiradibr fasdage nfjthaideliveay seal f or
fluidly sealin round the introducer sheath, and a .single-handed vent for
hsp rating ai r SRR prkerbl REGE 1R il o8 R Rl B AR0ES el Trery
cat heter of theopries@ndkectppdd dald Modmalduktesuskercat het er tube having a

di stal balloon ther f sufficient dianmeter to fully expand a crinped
heart val ve fron1mﬁ@ﬁﬂﬂﬁ“*ﬁ@dﬁﬁFW@@ﬁ‘pbﬁﬁﬁ§ﬁ6§@ﬁ’%Hw?ﬁgl ﬁ%uq“@n& of a

def | ect abl e popgaroval@f déiRercatiietredontbiR@oRChuptied DYclpedetduasdd en pul |
wire. The delivery catheter further includes a tubul ar valve gusher t hat
slides over thBUEgIREtBf & whelan gderohesbawrgi t ddierfslivyy wRthRer 8&pect to the

bal | oon. The dgiiaV 840k 3t B@tiSkn@digReBad @gpm%icﬁm{;qdcwﬁwivehﬁasﬂne on whi ch
are mounted both a deflection actuator for deflecting the deflectable

portion of theTeatiHedagerthieinaplgngtiqsustheler sbeadnresiendiag difalyl Benny the val ve
pusher . Pr ef er gl i HEMNE! Yol @hNGE Rasl B HASSud: R bl trtidtd
concentric tubes extending fromwthin the control handle, and at |east one
passive seal wharhigatohel hamdiresl flowthseahe dgianowtttaondintlytthe ibubes wi t hout
preventing it IRNEAke o iroushBOLGRANGLRGL PANES bl diMEe RERSEN!
application is a nmedical 1ntrdducer an eart val ve elivery catheter
conbi nat i on t hedthagnpirictes far dejagmeriyatggt stet@re hawi pgxenat anthetfethe t ube with
a distal ballogn therean.of sufficient dianmeter tqg full xpand, a cri nped
neart valve frgNEUREha R Tt SGHE s R BT e Rybta e CEBRE G et b

ext endi ng di st altdoguder ativea fgeilvatingphsshgeubem@ronhh ohthe ballcan g thatdelieagt one

i ntroducer valve for fluidly. sealing arqund.a proxinmal |length of the

dol | very. cat neb@rcta 1he et o adtudh 8t PEE s b Rk S fhecer ves a
di stal porti onaoind e istelduve rsheatta tahe b 8inglealit dédednt da Sasitaiing talirfeonk or

engagi ng nating,ﬁlructu e on a proximal end of the introducer housing and a
di stal nose th3fNERLRYETt hr ough and opens the introducer val ve and

facilitates passageobimnaichi oughddvetyhamb@t baadplent RplielohigNesat het er .

The | oader has aagroxinal housing with a | oader seal for quidIﬁ seal i ng
around t he i nt f G&heer EnBaYIAL aéhsgalémg?%g*ihéteﬂlaﬁﬁéleffw/léwtd%?tera@pfp Mting air

from wi thin thegdaf@defimped heart valve from within. The balloon is disposed on the end



[ 0017] A heart val ve delivery catheter and heart val ve conbination discl osed
herein features an expandabl e prosthetic heart valve having a crinped

conf i gur avpoantiznmesipr oxi mal and di stal ends. A delivery earhsteoosrod udes a
catheter tube with a distal balloon thereon of sufficient dianmeter to fully
expand the crinped heart valve fromw thin. The balloon has a | ength
greater than the length of the heart valve so as to have proxinmal and

di stal exposed portions, and the balloon is folded in a manner that |eaves
only longitudinal fold lines to contrasg.with the ends of the heart valve
under echocardi ography. - 7 - [ 0018] A heart val ve delivery catheter

of the present | jcatjon a delivery catheter ving a catheter tube with
a distal baIIoBﬁfﬁﬂ%?@% f@ﬁ“@d&ﬁ@%@ ‘“&ﬂﬁﬁﬁ?@?ggéaﬁ%ﬁ??“@%ﬁﬁﬁﬂ“%he cri nmped
heart val ve fr ope WiltvBiyRathbBeruBatd iBQdD inigildivsIne s@HeaRattsh@sener af a

defl ection tube actuated by a deflection pull wire, the deflectable portion
conprising a bfihdeadubs radthees drepivdiale IBctesrist W e E3HRdi A al ong its

length up to agdivetydlateRt hisd RasWir6mbh@nd6fHaBElt bR hWN 8 AblR&Rsh t he
defl ectabl e portion having a dimension no greater than 8 French.

[0019] A furt her defistirs eeipiemigr d¢tlaches hardgiectablrupatiomat hgeatheler Whe present
invention are $&f, bbb chddid: R& fiQhd My R vHSSHish 1198eABY, HedeFory ,
particularly when considered in conjunction Wwth the acconpanyl ng draw ngs
in which |ike pubatey ipelades| 4 phirzlgy e exvaeeniignmbesl extergiigefroDewthinghe on of t he
pecoms appr eci STed R0k nan ka® e BT P e PRI MR UL ence 1o
t he speci fi cat bomf tid @beysyithanidreyppendednaeaniings wher ei n:
[0016] Another benefit of the present application is a medical introducer

and heart valve delivery catheter combination that comprises a delivery catheter

having a catheter tube with a distal balloon thereon of sufficient diameter to

fully expand a crimped heart valve from within. An introducer has an elongated

tubular sheath extending distally from a proximal housing which contains at

least one introducer valve for fluidly sealing around a proximal length of the

delivery catheter. A tubular loader defines a throughbore that receives a distal

portion of the delivery catheter, and includes structure for engaging mating

structure on a proximal end of the introducer housing and a distal nose that

extends through and opens the introducer valve and facilitates passage

therethrough of the balloon of the delivery catheter. The loader has a proximal

housing with a loader seal for fluidly sealing around the introducer sheath, and a

single-handed vent for aspirating air from within the loader.

[0017]A heart valve delivery catheter and heart valve combination

disclosed herein features an expandable prosthetic heart valve having a crimped

configuration and proximal and distal ends. A delivery catheter includes a

catheter tube with a distal balloon thereon of sufficient diameter to fully expand

the crimped heart valve from within. The balloon has a length greater than the

length of the heart valve so as to have proximal and distal exposed portions, and

the balloon is folded in a manner that leaves only longitudinal fold lines to

contrast with the ends of the heart valve under echocardiography.



[0021]Fig. 1 is a schematic frontal view of a patient showi ng the |ocation
of an intercostal incision providing access to the apex of the left

vent ri cl ewof2otinessieart ; [ 0022] Fi gs. 2A-2B are cros®CIAso10nadsovi ews
through the left side of a patient's heart showing a procedure for dilating
a calcified aortic annulus prior to inplantation of a prosthetic heart

val ve in accordance with the present invention; [ 0023] Figs. 3A-3E are
cross-sectional views through the left side of a patient's heart show ng
several steps in a procedure for inplanfing a prosthetic heart valve in
accordance wth the present invention; [0024] Fig. 4 is an expl oded
per spective view of I nt roducer/dj.| at or conbi nati on used in the port
access heart valvelpﬁgﬂénF%YﬁﬁﬂV%f% ﬁﬂ%ﬁ@&%?rfﬁéﬁbﬁ@§@ﬂtmﬂﬁ@%ﬁ?i%n; - 8 -

[0025] Fi g. 4A igivery aaB@abhBehgy heiiRtert e ivathr @duagr beicbat @éreeP @i nat i on of
Flg. 4 sufficient diameter to fully expand the crimped heart valve from within, the
balloon being disposed on the end of a deflection tube actuated by a deflection
pull wire, the deflectable portion comprising a braided structure and the
deflection wire extending along its length up to a distal coil to which the
deflection wire attaches, the deflectable portion having a dimension no greater
than 8 French.
[0019]A further understanding of the nature and advantages of the
present invention are set forth in the following description and claims,

particularly when considered in conjunction with the accompanying drawings in

which like parts bear like reference numerals.

Brief Description of the Drawings

[0020]Features and advantages of the present invention will become
appreciated as the same become better understood with reference to the
specification, claims, and appended drawings wherein:

[0021]Fig. 1 is a schematic frontal view of a patient showing the
location of an intercostal incision providing access to the apex of the left
ventricle of the heart;

[0022]Figs. 2A-2B are cross-sectional views through the left side of a
patient’s heart showing a procedure for dilating a calcified aortic annulus prior
to implantation of a prosthetic heart valve in accordance with the present
invention;

[0023]Figs. 3A-3E are cross-sectional views through the left side of a
patient’s heart showing several steps in a procedure for implanting a prosthetic
heart valve in accordance with the present invention;

[0024]Fig. 4 is an exploded perspective view of an introducer/dilator
combination used in the port access heart valve implantation procedure of the

present invention;



[ 0026] Fig. 5A and 5B are expl oded perspective and el evati onal views of the
i ntroducer of Figure 4; [0027]Fig. 6A is a plan view of the introducer of

Fi gure 4;wo02011/qo®028] Fi g. 6B is a | ongitudi nal secti onalPCriusaoiofo4tohe

i ntroducer taken along line 6B-6B of Fig. 6A [ 0029] Fig. 6C and 6D are
enl arged views portions of a variable flexibility sheath of the introducer
of Fig. 6B; [0030]Fig. 7 is a perspective view of an exenplary ball oon
cat heter/| oader assenbly for inplanting a prosthetic heart valve as

di scl osed herei n; [0031] Fig. 7A isgan expl oded perspective view of a

| oader that provides an interface between the introducer of Figs. 4-6 and

E)Pet E:l lbgflnogﬁt 2:: ﬁl@{)ﬁg{]FFl gﬁgls a(rjlogszs]emlb%d %ielws 0 tt)hreoklgtrr]o ucer dalteulo?nal view

combination of Fig. 4;

[0026]Fig. SA and 5B are exploded perspective and elevational views of
the introducer of Figure 4;

[0027]Fig. 6A is a plan view of the introducer of Figure 4;

[0028]Fig. 6B is a longitudinal sectional view of the introducer taken
along line 6B-6B of Fig. 6A;

[0029]Fig. 6C and 6D are enlarged views portions of a variable
flexibility sheath of the introducer of Fig. 6B;

[0030]Fig. 7 is a perspective view of an exemplary balloon
catheter/loader assembly for implanting a prosthetic heart valve as disclosed
herein;

[0031]Fig. 7A is an exploded perspective view of a loader that provides
an interface between the introducer of Figs. 4-6 and the balloon catheter of Fig.
7

[0032]Fig. 8 is a broken elevational view of the balloon catheter of Fig.
7

[0033]Fig. 9 is a longitudinal sectional view of a proximal control
handle of the balloon catheter of Fig. 7;

[0034]Fig. 10 is an exploded view of the proximal control handle of Fig.
9;

[0035]Fig. 11 is an enlarged sectional view of a distal deflecting
segment of the balloon catheter of Fig. 7, also showing a distal balloon in a
deflated state within a protective sheath;

[0036]Fig. 12 is an enlarged sectional view of a distal balloon of the
balloon catheter of Fig. 7 in its inflated state;

[0037]Fig. 13 is an exploded view of the balloon catheter and introducer
(in section) combination prior to coupling with a heart valve crimped onto the

balloon;



7; [0033]Fig. 9 is a longitudinal sectional view of a proximl control
handl e of the balloon catheter of Fig. 7; [0034]Fig. 10 is an expl oded view
of the prweioaloossint rol handle of Fig. 9; [ 0035] Fi gcTAB2018/080€nN| ar ged
sectional view of a distal deflecting segnment of the balloon catheter of
Fig. 7, also showing a distal balloon in a deflated state within a
protective sheat h; [0036] Fig. 12 is an enlarged sectional view of a
di stal balloon of the balloon catheter of Fig. 7 inits inflated state;
[0037]Fig. 13 is an exploded view of the_balloon catheter and introducer
(in section) conbination prior to coupling with a heart valve crinped onto
t he bal | oon;
' [0038]Fig. 14A is an assembled view of the balloon catheter and
introducer (in section) combination after insertion of the balloon catheter
through the introducer;
[0039]Figs. 14B-14E are views similar to Fig. 14A showing use of the
heart valve delivery system disclosed herein in situ at the occurrence of a series
of steps in a valve implant procedure;
[0040]Fig. 15 is a longitudinal sectional view of a distal end of an
exemplary balloon catheter showing a prosthetic heart valve crimped over a
balloon folded in a way that enhances visualization of the valve during implant;
[0041]Fig. 16 is a radial section of the folded balloon of Fig. 15; and
[0042]Fig. 17 is a radial section of the balloon of Fig. 16 illustrating a

preferred folding technique.

Detailed Description of the Preferred Embodiments

[0043]The heart is a hollow muscular organ of a somewhat conical
form; it lies between the lungs in the middle mediastinum and is enclosed in the
pericardium. The heart rests obliquely in the chest behind the body of the
sternum and adjoining parts of the rib cartilages, and projects farther into the
left than into the right half of the thoracic cavity so that about one-third is
situated on the right and two-thirds on the left of the median plane. The heart is
subdivided by septa into right and left halves, and a constriction subdivides each
half of the organ into two cavities, the upper cavity being called the atrium, the
lower the ventricle. The heart therefore consists of four chambers; the right and
left atria, and right and left ventricles.

[0044]As seen in Fig. 1, the left ventricular apex LVA is directed
downward, forward, and to the left (from the perspective of the patient). The
apex typically lies behind the fifth left intercostal space (or between the fourth
and fifth), 8 to 9 cm from the mid-sternal line, and about 4 cm below and 2 mm
to the medial side of the left mammary papilla. Access to the left ventricle may
therefore be attained through an intercostal incision 20 as shown in dashed line,

positioned over the fifth left intercostal space. Such an approach is often termed



- 9 - [0038] Fig. 14A is an assenbled view of the balloon catheter and

I ntroducer (in section) conbination after insertion of the balloon catheter

t hrough twe 20nivaossiacer ; [ 0039] Fi gs. 14B-14E are vi eas/tskomoloarsos o Fi g.

14A showi ng use of the heart valve delivery systemdisclosed herein in situ

at the occurrence of a series of steps in a valve inplant procedure;

[0040] Fig. 15 is a longitudinal sectional view of a distal end of an

exenpl ary bal |l oon catheter showi ng a prosthetic heart valve crinped over a

bal  oon folded in a way that enhances vjjsual i zation of the valve during

I nplant; [0041]Fig. 16 is a radial section of the fol ded balloon of Fig.
sectjion of the balloon of Fig. 16

15; and [0042]Fig. 17 i.,s radi a
i1lustrating 3 pling)lr—g}o?aétatopm, cﬁnﬁéﬂﬂgéﬁ?‘? ita algglcal operations on the heart carried

out using one or more short tubes or “ports” - thus, the operations are often
referred to as “port-access” procedures.

[0045]In a preferred embodiment of the present invention, a surgeon
implants a prosthetic heart valve over the existing native leaflets, which are
typically calcified. There are procedures and devices for removing calcified
leaflets, but the risks associated therewith, including a release of calcific
material into the bloodstream, are not insignificant. Therefore, a heart valve
replacement procedure that installs the prosthetic heart valve directly over and
contains the native leaflets is preferred.

[0046] Those skilled in the art will recognize that it may be necessary to
pre-dilate the leaflets and annulus of the stenotic aortic valve before deploying a
prosthetic valve within the aortic valve. Figs. 2A and 2B are two snapshots of a
valvuloplasty procedure that may be initially performed to compress the native
aortic heart valve leaflets outward against the sinuses and ascending aorta. As
mentioned above, the native aortic valve leaflets may be substantially calcified,
and the valvuloplasty may be necessary to crack and otherwise force apart
hardened tissue. Pre-dilation increases the flow area through the aortic valve
and creates an opening in the leaflets of sufficient size to receive the prosthetic
valve. Pre-dilatation is preferably achieved using an expandable member, such
as a dilatation balloon catheter. One example of pre-dilation of a valve annulus
is seen in U.S. Patent No. 6,908,481 to Cribier, issued June 21, 2005 and
expressly incorporated by reference herein.

[0047]Fig. 2A illustrates introduction of a guidewire 30 through a pre-
formed apical puncture 32 in the left ventricle LV. A distal tip 34 of the
guidewire 30 extends through the native aortic valve AV and into the ascending
aorta AA. 'The distal tip 34 may extend further over the aortic arch, as seen in
Fig. 2B, but the minimum extension is across the aortic valve AV.

[0048]Fig. 2B illustrates an introducer sheath 38 inserted into the L.V

through the apical puncture 32, with a balloon catheter 40 having a dilatation



Det ai | ed Description of the Preferred Enbodi nents [0043] The heart is
a holl ow nuscul ar organ of a sonewhat conical form it |ies between the

| ungs i n wbeoniwsdie nedi asti num and is enclosed in the periusasidiourynd The
heart rests obliquely in the chest behind the body of the sternum and
adjoining parts of the rib cartilages, and projects farther into the left
than into the right half of the thoracic cavity so that about one-third is
situated on the right and two-thirds on the |left of the nedian plane. The
heart is subdivided by septa into rightjjand | eft hal ves, and a constriction
subdi vi des each half of the organ into two cavities, the upper cavity being

called the atrj the | ower t ventr| The heart therefore consists of
four chambers; L%ﬂ?@“ 4?@?:@ disia ey alssethOrVFrat eé‘ﬁ‘ﬂe"illfeg% nélﬁﬁro}é? eyt i cl es.

[0044] As seen B iFkbwnl pribN® inSdrlionV€MhE isBdatiaBs, ap@atds \Wving adiri®atied
downward, forward, and to the left (fromthe perspective of the patlent)
The apex typi c&p§igd PPé@“B@WWHdn%h%“?W¥@ﬁ“@épfmﬂ%ﬁéwe%@ﬁhp‘@B%Eé‘%or bet ween

the fourth andgfitdl biowrd 3t O st b gored ﬂthglthlhﬁtth@trtﬁ@-Lur!géo'ﬂ"i‘nstaﬁl@@n@-bOUt 4 cm
below and 2 mMmmto the nedial side of the left mammar a. Access to

the |eft ventrPcMOrgrRyseH@ngf BEaeshdd 4o tthe iseret ol Wgwﬁawmrmu@f cH8% al
inci sion 20 asyghowlns Mhdashede lnemReshiianed &Vﬁﬂé anﬁntfeﬂ fﬂnlar &f t

i ntercostal space. Such an approach 1s often terned
"n1n|-thoracot6mmﬂwmﬂﬁ%d®m@bmﬁm®@1ﬂnﬂomﬁﬁméﬁaébmép@rﬁ@ﬁ@ﬁgﬂUﬂMEhe heart

carried out Ushﬁgsé‘ﬂ{?@o urdF l[lRl"rés sg%HQQE s PR in ond {5‘8%3%] F{ﬁd gper ations

are often referre por acce proocedur es.
pref erred enbothemphtesof setdmd ljme @f ewtse- stnvgmtumngenarai;lu igeoincle ppicemtis a

prosthetic hea[o the% rst.l%l%\l/eelguttlg eane(%( | gé[ n(grect?‘t | v ? sullt ?t ?\x’/o concgrnng‘ re
typically calcifie rOeedur es “and eV|c S

cal ci fi ed | eaf tiedls, of beftardtdypurse- s_n}mg ﬂlﬂﬁaﬁ44adeﬁdlnghq163phdrﬁwlthmoﬂ'mkm thg a rel ease
SN L ERY I T M e
heart val ve di meclkhtyic@luetissadarocanivaiesr bhecingikdey ehrb@f the panduse pief er r ed.

particular, the purse-string sutures 44 are tightened around both the guidewire

30 and introducer sheath 38. Installing the separate lines of purse-string sutures

44 in opposite directions helps prevent tearing of the ventricular tissue and

provides a more uniform compression about whatever elongated object passes

through the puncture.

[0049]As indicated in Fig. 2B, the dilatation balloon 42 expands radially

outward into contact with the native aortic valve leaflets. With information

concerning the size of the particular aortic valves, the balloon 42 is chosen so

that it expands outward and nominally compresses the aortic valve leaflets

against the surrounding aortic walls. There are various means for assessing the

size of the particular patient’s aortic valve, including ultrasound, which will not

be described herein. Suffice it to say that following the valvuloplasty procedure

seen in Fig. 2B, the native aortic valve leaflets are compressed outward against

the aortic wall and a substantially circular orifice results. Additional details

regarding pre-dilatation and valve replacement can be found in Applicant’s U.S.

Patent No. 6,908,481 to Cribier, expressly incorporated by reference herein.



[ 0046] Those skilled in the art will recognize that it nmay be necessary to
pre-dilate the leaflets and annulus of the stenotic aortic valve before
depl oyi ngwe 2priomssiet i ¢ val ve within the aortic val ve. FiPg3/US200and02B ar e
two snapshots of a val vul opl asty procedure that may be initially perfornmed
to conpress the native aortic heart valve leaflets outward agai nst the
sinuses and ascending aorta. As nentioned above, the native aortic valve

| eafl ets nmay be substantially calcified, and the val vul opl asty may be
necessary to crack and otherwi se force japart hardened tissue. Pre-dilation
i ncreases the flow area through the aortic valve and creates an opening in

the leaflets of suffici si.ze to receiye the prosthetic val ve.
Pre-dilatation is d&@%@ﬁgéi?mﬁgﬁ?ewgﬁtﬁ§¥ﬁb QmsgxﬁaﬁﬁgﬁF Iﬁﬁhﬁkpf such as a
dilatation bal bgasyisednaemprantiddepSsidiRlheardlalny &8l prdtenOMvaiiod uag ve annul us
is seen in U S Patent No. 6,908,481 to Cribier, issued June 21, 2005 and
expressly i ncof hersapisy aphroadt wibpve by dessribpd in more deyaik7ilhs deviesaapd | yst r at es
i ntroduction ofpemo@Hiid@Wel herbh a@rM@f\/m&i%@@%@@bﬁah%raw&%tiée 32 in

the left ventricle LV. A distal tip 34 of the guidewire 30 extends through
the native aor f9rHc yalvegeands gheh that the tiiediddion mincsdira oeanain AAgs- PRe2li stal tip

34 may extend [ bACHQVE! iht DAvANHArfaiRdh CH as l%}r\l/l%%%ul e g%lg%urgﬁ? thbut the

m ni nrum extensi'on 1's across the aortic valve : [ |Fig. 2B

i | lustrates anaimtusaddtefletshBahonl@Be hetebhpewdvertha thaprotodurettiesniiphd t he api cal
puncture 32, w.th | ~ r aVi a dilatation balloon 42 on
a distal end E%%gggmgégngﬂgﬁghﬁﬁéﬁf?ggggﬂgﬁg&%hrough the sheath. As is
known, prior to insl@§ilbmthefmerheths ipeatt pd&edue didyadtegrerfoavédng afigt adual |y
tapered tip (n shpwn first ihserted qv th i.dewi,re to enl arge
t he api cal pung&ﬁP@Rgi%mﬁgygﬂghﬁﬁpggwﬁbﬁ%gngsfﬁgén%ogngyuﬁg l?'% sur geon

i nstalls one oproputien pliresipicatsrof popsthutdiculicas vdWed are bhiler, typsalle otier thhe | ef t
ventricul ar ap surroundi ng .t he puncture 32. These sutures 44 are

r o ol ant ed” B Qe Somiael MY FHEES HRE: beth St b hSY o ot er e
enbodi ment, t hperfh@®enandl aeds falufel I He-dpe@in®fonp WpseesdriahN Gnd Wve €S
generally in a first circle in ope girection, and t hen Qﬁaces a second line
of purse-stringCSIPHES YNNI | AT @ BOESREEhPFIEID Pk 8% i r st
circle but in aRcioRpdSelre:1GhifiR6t dpeitheath@irde® ldt pdthtibMPc£ABSERMbRArE Circl es
of separate purse-string sutures 44 defining a periPhery Wi t hin which the
puncture is foPYRst athe BEfEE 814G Agirable dprelde 44108 3 Her PEHESHE pul 1 ed to
cinch the vent pieGipk dfvehdichS MM AHAIIRFLEY ShpRRia8&T oPaSR&ShetiPmemgh t he
puncture. In particular, the purse-string suFures 44 are tightened around
both the gui deli#lreoB0 aaryisiing progbriervabisdmphingsin ke &R1c A@radlilisepar at e
l'ines of purSeméﬁﬁ%ﬂﬂaﬁ?%ﬂ(&%eﬁ%ﬁﬂd%) RRASLdeididi€Ct i ons hel ps prevent
tearing of the ventriculfar tissue and provides a nore uniform conpression
about what ever el on§838briobpecdispragiges! tharpyerghure hselpuhshapidebe noted [ 0049] As

i ndicated in Fj e sl atati r adi out ward

i nto contact mﬁghaﬁﬁgaﬁgfrgggggg%%gQggﬁaégggéﬁ%gﬁggq&ﬁ?ﬁ(?%¢§%%%%ion
concer ni ng t hegshtzedadil bdiev pathtreicrener toddgs Hel 3v alheemrkingeoflthd pesmt 42 i s
chosen so that dihtv eXs satgrglsmao%t "‘n"’f‘&g 62%1 dur'? egsit n%lalftx Cnoer;rcgfagealso%sof Eh%esteag rtic valve
| eafl ets agains? theYsurstn ing gort 't wal ' “THer 8 “ar € Var I°'ous. means f or
assessi ng t he sikaetoaftihhdy paplhatchd aivepatheantticanadud i ¢ val ve, i ncl udi ng

ul trasound, which w t be described herein. Suffice.it o say that

Fol Tovi ng the val v a8 pRseSEe dlsee “Guls iFhRie i 5etioit dSeddl borti o

val ve | eafl et shatia @eype gss@ehalindsduagah Neth thtiopahiohsryWalphssangd a
substantially clhcular orifice res%Jts. Addi tional details rﬁgarding
pre-di | at at i onV4AYPLPAPYR B apPAEd e PRER PERefBemd P Meggsiils ©anYPass u, s,

Eat ent No. 6, 9G&eAdlod @ nehbbi 6 fac@XPIRERINS thDGRIREE abedvulerdbaftprence
erein.

such a procedure, and viability of the native leaflets. Ideally, the implantation

procedure is performed off-pump.



- 12 - [ 0050] Wth reference now to Figs. 3A-3E, a preferred nethod of
depl oying and inplanting a prosthetic heart valve of the present invention
usi ng a twansapiosak approach will now be described i n mpce/useaiaiok190dhe
devi ces and net hods di scl osed herein are particularly well-suited for
replacing a stenotic aortic valve, and as such that the pre-dilation
procedure seen in Figs. 2A-2B typically precedes the valve inplantation so
as to smooth out the contours of the annulus and leaflets. It should be
not ed, however, that the procedure descnri_.bed herein may be perforned
wi t hout valve pre-dilation. [ 0051] Furt hernore, the present procedure
may be perforned as irst time valye inplant. or to supplenent a previous
implant. A relati veﬁ0§5‘{]§egéur§?°6‘p?fr(iaf%ﬂo ngp%“éh?lﬁ?sett]?‘?s?‘o’a‘lc OstHetf ¢ heart
val ves are ol dgfiysichlyddie€ ) b¥th @LidRErdlRARhPOThePheicihh BRapeRIias tdoat dtarf hear t
val ves have been known to show reduced performance and even fail ure.
Re- oper ati ng oH< 8 spmay@hapradeblepigpthelie malye P gus s bafleon 32 o pballeAmit i c.
However, a portaREGEss (nRCEIHHeCelSHERS @feséim?cae@&%éd%ﬁeaens&hl1mt_ﬁ@t es
open-heart surgery and potentially cardi opul nobnary bypass, and is therefore
nmor e desi r abl ePfogtdurchdraggiehpf pagsi nt3E. THeleettosre can he s¢sagdhe systRignt i on
contenpl ates t hARSARLERAL FidiPA 28 Ak QO AVRIOSHEBhIGnREREE: ¥AbNE Over an
exi sting prosthetic valve inplant. In"such a case, a pre-dilation step is
typi cal ly not acvulswae 0 (thabuoughtite the syoneeidewin 0 used in § Po5d]aPPRor to a
di scussi on of o It [ hRH:h {. ferred
J&g?d‘&%eﬁ, tﬁg)ldéﬁ ah Iilﬁl%h&cer lsl!lea M P[I%g HE 1%9&%@3&1})%&%1@

delivery syste e présent invention descri greater

detai |l bel ow wiefthveneiteliemes puoctiieds. with thg helphd awblator g ssoofetihealpr esent
delivery system be nor sily understood after an explanation of the
steps taken toretﬁ(%%ﬁrtr% Sealnymtl?or?c}i)l%r‘t the valve in the aortic annul us.

[ 0053] The prost het i [@058&hd samad perse-sphanbatdsott prroceduneddiesdld ped herein
may be perforned in conjunctio i th r di | monar ypass r,. Wt hout
bybass | o sottuplaiesue s bt e e TRkt YRR aFowats depends
on a nunber of intragicer sheathrol uth Mg abk@cdatt the pic-dladge proveduRe it@ipurdet y t 0 such
a procedure, and viabili of the native |leaflets, Ideally, the

i mpl ant ati on proBetHiyEs f‘é%ﬁB?ele}pﬁ?fo%@f‘f’r- t9dgnation ¢hthe mitial pgf[%%ﬂ‘f‘sl'he sur geon
or cardi ol ogi Sbetbicl b s&io@@Splhdee a 3RS i€ oV Phr¥estifd NPurds PA¥BIIG R a Hiszer, or

wi t h echocardi ography. The physician or operating roomstarf then crinps an
expandabl e pr oSifHeth eng dirgraonng\Ren plaees patacoihligpolopurse-HENg ¥Rt at het er 54

(some of the elgRRMy $n R'@SRMohYentRSEhOEE: €RAe BE: SR PpDsiteNBreBiRCEdUr €
drawi ngs of Figs. 3A-3E, while others can be seen in the system draw ngs of

the Figs. 4-13fhephdlis i gedncnidy et sparasaurssiineat e dsinipger a
guidewire 60 (b&ahe Ilin Bt eSATRLAVIARNNLEE 20 WREH sk FoRtendi | ation
procedure), through an 1 ntroducer sheath 70 that has been i1 nserted through
the left ventringxfleger ghoath 7Buncture 32 with the help of a dilator 74

(sonetines also ref [%[)gﬁqguﬁh%nﬁléreﬂﬂe hi%(groﬂl{ﬁa%re)(pands the inner diameter of the

puncture 32 and rides over the guidewire 60 may be inserted prior to or with the
introducer sheath 70. Preferred dilator diameters range between 12 and 22
French. The introducer sheath 70 comprises the distal end of an introducer that
will be described below. Introducer sheath diameters of no greater than 24
French, and desirably 22 or 24 Fr are preferred.

[0057]Fig. 3A shows the introducer sheath 70 passing into the left
ventricle through the puncture 32 and over the guidewire 60 that extends
upward through the calcified aortic valve AV. The surgeon locates a distal tip

72 of the introducer sheath 70 just to the inflow side of the aortic valve AV, as



[ 0055] The sane purse-string sutures 44 that were used for the pre-dilation
procedure may al so be used to seal the ventricular tissue around the

i nt roducewoghaawgs1Z0. I n the absence of the pre-dil ati orCpruseadosmp9t he
purse-string sutures 44 are pre-inplanted prior to formation of the initial
puncture. As before, the surgeon places a first line of purse-string
sutures generally in a first circle in one direction, and then places a
second line of purse-string sutures generally in a circle concentric to the
first circle but in an opposite directijgn. The result is two concentric
circles of separate purse-string sutures 44 defining a periphery within

whi ch the puncture whi ch.seal arouynd the. i ucer sheath
70. [ 0056790 ]F}er’?rﬁn‘ét tﬂ’cstPQm& S&P‘blfg b?&“‘%%sé?o ﬁ%??&gf i@i”ﬁt et di anet er
of the punct ur gad@e dodiisi e QM@Tudeh Shegthi THEMIali®e BONORYDSalvORT, agd prior to
or with the |ntroducer sheath 70. Preferred dilator dianeters range between

12 and 22 Fren®Rl aFhdeinopitigh i etthes nedampentsy of dbimpysiainsist manifred 4¥ingnd of an

i ntroducer thatagWphduelBarfl&s Ghd he&oa%bwr dsﬁltgr&ﬁgﬂqeaglﬁgeﬁs&é?mdguamgers of no
greater than 24 French, and desirably 2 24 Fr are preferred.

[0057] Fig. 3A ghrsnophageali @ﬁhpodnae%hor@%efﬁlw mtrﬁ)‘eﬁévsﬁl%gulrrmosnc{ Heagipg t
ventricle throyglygh hﬁa{?:d?&rtdﬂeedy%%ha@%qaﬁﬂéﬁf qthg sﬁé&fﬁewb%laﬁg)n L@ty extends

upwar d t hrough the calcified aortic val ve AV. surgeon |ocates a distal
tip 72 of the mthe@dalttéﬁie@h@éﬁfﬁSYﬁ@H}wéltbethSOﬁﬂbedb%@Wow side of the aortic

valve AV, as - OSAER. :3}? S?ﬁ h%dvﬁifcerhé}lt%f@% Mool Eadhgud

under st ood by those e art that the position of fﬁ%?lntroducer
sheath 70 r el athewsidewirt 68 aad)ﬂtrbughvthet ingroder stgzathelOl Iélgntatwl:y posdehiion of ot her

el ements of thg gs%?jt ild ﬁg?th(%nhéa%r eﬂv {)“9 1oc%%d°£atﬂé‘%orr{% %ulu and

fl uoroscopy, or “usihg as transeso ageal echo,
transt horacic aﬂW&m,mnnmawasmmbaaﬁmmtrE@oG@dﬂunﬂgmm@a(kHuﬁmn<ﬂnhan

i nj ectabl e dye. t hat a eC|f| onbi nati on a uch markers
for *the.exent Bt e D PRASE Sl (HREErpErE A % " L pESRET 55 shove
t he advanceneninflafior/V@vedalphzai. Q&Mh@ﬁ@kIﬁﬁkQVQMy&bQH@mkﬂﬂnﬂmEdﬁQJand

t hrough the intr% uce sheath 7 Blnate y, as _seen in Fi t he
prost heti c heal'® dﬁ% sfroducer shegity é?rTﬁ%a§8F¥@¥dﬁﬁﬂﬁpﬁgsgﬁﬂuﬁ%tmeen t he
native aortic l@afkefde viiv@s50 3G valisa 921 | ustrates retraction of the

i ntroducer sheath 70 fromits nore forward position in Fig. 3B to permt

bal | oon |nflatlon/JQP@EAé%Baﬁﬁd%%mwﬁéﬁmﬁﬁéédétﬁ%?%@@%“%ﬁﬁﬂ%ﬁﬂﬁ?a@lded on

the distal tipnigp@hcchbhpliinal B?ﬂ%ﬁtﬁ{g rad18Righe AR JNDIsQlisRE G Alogin det er mi ne
its position relative to the valve 50 and bal | oon 52.
ends, or in-between, for example at a midpoint. Desirably, the surgeon can

adjust the position of the valve 50 by actuating a steering or deflecting
mechanism within the balloon catheter 54, as will be described below.
Furthermore, the rotational orientation of the valve 50 can be adjusted relative
to the cusps and commissures of the native aortic valve by twisting the balloon
catheter 54 from its proximal end and observing specific markers on the valve
(or balloon catheter) under fluoroscopy. One of the coronary ostia 80 opening
into one of the sinuses of the ascending aorta is shown, and those of skill in the
art will understand that it is important not to occlude the two coronary ostia with
the prosthetic valve 50. It should also be noted that although the native leaflets
of the aortic valve AV are shown coapting in Fig. 3A, and being flexibly
displaced by the balloon catheter 54 in Figs. 3B and 3C, they may actually be



[ 0059] Agai n, the precise positioning of the prosthetic heart valve 50 may
be acconplished by | ocating radi opaque markers on its distal and proxi nal
ends, or wo-2batosesan, for exanple at a m dpoi nt. DesirablpgT/ush@osurogeon can
adj ust the position of the valve 50 by actuating a steering or deflecting
mechanismw thin the balloon catheter 54, as will be described bel ow.
Furthernore, the rotational orientation of the valve 50 can be adjusted
relative to the cusps and comm ssures of the native aortic valve by
twi sting the balloon catheter 54 from.jss proximal end and observing
specific markers on the valve (or balloon catheter) under fluoroscopy. One
of the coronary ostia 30 ogené&& into one of the fin ses of %Pe ascendi ng
aorta i s shown®OENEFSthOWEChOUSIAY |aefiAsts e Ape Gmuus B rs PERG'HiRAt it i s
i nportant not pRcred ude the two coronary ostia with the prosthetic valve
50. It should also be noted that although the native |eaflets of the aortic
val ve AV are shown @8&BtiendCishows Gie Ptichin detbraly® PP éxibFePtarépichced by the
bal I oon cat het gfexpshdbd sthie @8 mp&BarBiill tﬁtgbalfobﬁxznﬁﬁleﬁ‘%%ﬁ#gleé/n Rausfid® -
conpressed further outward against the aortic annulus froma pre-dilation
procedure. of thepBWPRPYitiosice sAdiEational gsiceistioreet te Nkt P0.ved Ydlos in its
contracted or gngxpandesd, Stal & 5d HPedoRt QUORled DR R QRMADR: 1difiEn the
surgeon is satisfied of the proper positioning and rotational orientation
of the valve 5@&lve Y dabloba seeinstosriseirrdettinsmsedesd valve Sguctgbat ipr oper si ze
measur ement of e%fﬁﬁdsn Wi iﬂt%r;}r?bﬁ cmhé{%ﬁlvgl%’h%ﬁic%n%ﬂ& FHE A&0N-0q Sel ect an
opti mum si zed val ve such that 1t expands outward I nto good contact with
the aortic annuines!” Mipdies erffivitgoodtadanteagte thanghiei pesstipuf hicat vaive gont act to
ensure that t hgoegrn%?[ qgr%iﬁzcafg?%élar\{tal ]g)?ce?sgved%égns{]%t o%grvg‘ltvg I;fg\x; %gr : rr_pl ant .
Excessi ve expansion ot S fhe Val ve . however, y dbnage surr’oundi ng tissue or
interfere w t hnaheapegd oroante tfsvad; acafere with i@sperformanck @ adjpfennunber of
devi ces are avaHIabIe to assist in anchoring the prosthetic valve 50 into
the aortic annUt't; such as barbs and the |ike. A preferred configuration
of prosthetic heart[00el]xembhbek @f désiedvatehaviallgblPne aedidt ih Mvelintringnthé S
di sclosed in co-pending US. Patent Application Serial No /480, 603 to
Hari t on, filedp@gﬁ@“BYgﬁbégfn F%ﬁﬂﬁWégfwgﬁﬁ@d?§f %@F@@Qﬂv3iﬁ%oﬁborated
herein by refeprngRd cBARIURRIon VI pr6sthetic HeS€ VB G0i far WheSwitPake Plesdye.
7,276,078 to Spenser, filed June 30, 2004, which disclosure 1s also
expressly incofpetigiett HEFleiH By cp-genshingn dbS- BricgodPBlSaiphe> 8l Y¥- 50 can
take a varietyghehdsf & enticchonii® Pude gengroaldmcif ARIksESis akpRxfandabl e
stent portion that supports a valve structure. The stent porFlon has
suf ficient radingprrsiaicdmgiehn Ryorefesinge-t faothey|vglre &t digdhesed incddSnBHent Nt e and
resist recoi | ohs¢ bRy St ENAL CiNalN 3E30bE i\l ANRl adetpldgy r egar di ng
preferred baIIan’expaﬁggble’Galve enﬁog?ﬁenfg can be féhndx?ﬁ:LfS. Pat ent
Nos. 6, 730, 118ingpuoBted I8res6ly, refnetset Of Spasses dre vahd Hokh tadf awaiieth or e
expressly incop er.ei e e, T refe : 0S tic heart
val ve 50 incIugggkgaggﬁgiéﬁtg??¥%%u%§%?§§;8%(Q?gg%@%é#&§ﬂ¥%%%%hgﬁch that it
may be anchor eshpportt healzostriauranillie sgnhpetionthas hdficise redialogehgh o ot her
tissue pierci NQord Eﬁeuv%ivléra?t'he tr_eatr]n%nt_site and resist recoil of the stenotic valve leaflets.

Additional details regarding preferred balloon expandable valve embodiments

can be found in U.S. Patent Nos. 6,730,118 and 6,893,460, both to Spenser and

both of which are expressly incorporated herein by reference. The preferred

prosthetic heart valve 50 includes sufficient irregularity on its outer surface such

that it may be anchored in the aortic annulus without the use of barbs or other

tissue piercing structure.



[ 0062] Once the valve 50 is properly inplanted, as seen in Fig. 3D, the
surgeon defl ates the balloon 52, and withdraws the entire delivery system
i ncl udi ngwvoheilinmksieon cat heter 54 over the gui dewi re 60PCTHS20m0t8dUCEr
sheath 70 is then withdrawn, followed by the guidewire 60. Utimtely, the
purse-string sutures 44 previously described are cinched tight and tied to
cl ose the puncture 32, as seen in Fig. 3E. [0063] It is inportant to
recogni ze that the heart valve delivery systemof the present invention is
particularly well-suited for the antegrigde, |eft ventricul ar apex,
"transapical ," approach. Mre particularly, the mnithoracotony approach

requires relatively rt instru ts. Therefore, the portion of the

i ntroducer sheath 7[(93&39 Cee@?‘?é(ﬁldg%{)]hsc BOoPH lﬁwwteflsasdsé’g‘?%%‘gy%’ot[lﬁore t han
about 8 inchessf2dnCidflale®nBe basbnt §18 dn@n@fdurals tHeedid laeincaydhat er 54 that
may extend into the introducer sheath 7 i "working length," is

0, i.e., the "w
desirably no nB¢ldingabe baligon capbetqrndfuer the guidayire ¢ thrdpredyiedishrds on t he
relatively shony id gegthmafawhhe1RBakd @9Nhe atibatier 634 1andakRt HRAWeRL sheath 70
wi Il be provided bel ow. The short |length of the prosthetic heart valve
del i very syst efffiBesepichdd maiasly descriied greneinghed jigheand bed ot Hese thhat omi cal
appr oaches, i ngljidi:08 LOLRKAPELMg: carotid or subclavian arteries. The short
| ength of the systemis desirabl e because it enhances controllability and
steerability of the0863itay inmegantieicaedmas thay thedwgpe valyyddlivamy systimeh hel ps

i nprove accur agy ?%'?%ﬁ eﬂk}&fﬁgn t is {Tﬁalftiglglar‘ll ! \Vﬁl—&lﬂ% t ﬁof nth@ gantf%grade, [IQfQ 64] The

del i very systemo e present venti on essentially conprises an

i nt roducer 100yentildyakpesoritiensapietlér apgrpacand Mbtee pddintladyupgice mgniand
operating strugtur includin | er. 140 between the.intro er and
bai | oon cat het IS Gl HE Mol SRR g LR, Lt TG HE St ed F
Figs. 4-6, whipeatidbhef belihtalcaahbeh 60 thd cateads| inad@e bidisafesiraiomm i n Fi gs.

7-12. It should be noted §hat the |ivery system.s simlar to_another
System used t o BE L ARGt R A Tbre ShY bEVREFRL e gBhien el ch i s
di scl osed i n compendiergndifo (Raimedtiudetibhdatati,dr.,Nee “RO0AmORAOA3Lst 0 Tayl or,
filed June 13, 2005, and expressly _incor ated herein by reference. The
present syst e_r‘rfl‘2S1r b}y-nod‘?l‘?rleetﬁ%“ F‘t??uggéé’?%‘?gg@p%‘&s F‘Hﬁ’lﬂ ﬁ%%g@ tonrfg‘? e suitable
; or t a transapi edivelpQhdrt ﬁﬁ%%%g,ttﬁbalﬂbﬁ e@thet%csze@ﬁ imﬁmél@@ziheiuﬁb@ _km;ughdsorre
100 compr | ses DHERAidS it | Ghaat SAI ShEsUTOHEIEJaHT 4AVE GORW Nt r oducer
hogs ;3 gg %02 coggts@m;u&gﬂ@efgﬁe&ééﬁ?s Qfﬁo \a()ﬁzlfllvs%ﬁeq[ %—J}%tﬁﬁ?[fpingtéﬁﬁbal/hﬁﬁi\@acﬁés, E'o gS- TﬁA
an shows an end ca etached fromthe introducer housin : e
end cap 104 i n&rclides thf%flglhﬁ’gé@f%iidpfﬁl whalgaart gitcrivht i1hg shert Fengheot| Bader 140,
?S will be explalned R pdi&eCPdnfaRs IQAINHERI In b GhRBEVM(SHe at t aches

o the housing '102 and retains therein, in series fromproxi'mal to distal,
a cross-slit vdistk endoreladiveitgdonegsr sgstaiog, whick gelperinbt@e 2nqdragy do¢k- bi | |
VRstrunents pare e R PSR CT, ' 20D “and when several different
si zes of instrunent®0@dske tddivaly hsyptagh. ofFche eprasepl eipvdntien vedsergigllseal ar ound

both the guidew re. 60 and the llo cat heter.,54 a evi ousl| hown. The
it roducer - shesri o ranieS R b RDEE kIR Soa e RRR G R e

housi ng 102 | oogfrgthgautaude itidhelidpodipadke dd@between the pitetliacer @ol aifoodi nent , t he

i ntroducer sheath 70 possesse ext ernal . hydrophilj.c coatin nd has a

ength of ber weUP IR0 55 Tonhsgrrart ORIl E BR SR e acceos

inci sion 20 (see Hailgn dathetdr 54 Qnll headbef40 ateBlidvirCinerigdd-reak Rhéunebaor ti c

annul us. LOO 641As seen best in Figs a and 5A, the introducer sheath
T g

70 attaches to Hudinglehesy vivaen deaimiy &t @Rlichrivie® vpsh Pmtes with

a distal nippl gerdiddneoxdeneprg i pamtehe Abaksing, Wieh Rr eét@srbliy @dhesive is
used between these two mating sections. A threaded nut 126 rides over the
sheath 70 and BgYpeed-St gatﬁﬁrgﬁ’éﬁfﬁ@nﬁ% PPENUdd! oo Tepler ek g o2 j ust
proxi mal to theydi ARA @xAkéity (RofpbiafdWeein tHCreY@EdcOUSTHOPRQAE R sfersaN be
manuf actured (typically nol'ded or extruded) separately and easily coupled
t oget her during assenbly. Adhesive may be applied to the threading 128
prior to coupling the nut 126 for a nore secure final assenbly.



[ 0067] A side port tube 130 extends at an angle away fromthe introducer
housing 102 and termnates in a three-way stopcock 132. This permts the
user - NMOo-20timossIRuse nmedi canents or other fluids throegh/ush@olowryen of the
i ntroducer 100 even if devices such as the balloon catheter 54 are present
t her ei n. [ 0068] Fi gs. 6A-6D show further details of the introducer 100,
including a series of depth markings 133 on a distal section of the sheath
70. The markings 133 indicate the distance in mllineters fromthe distal
tip 72 so that the depth to which the distal tip extends into the |eft
ventricul ar apex can be easily seen. [0069] Figs. 6B and 6C illustrate
an advantageoua.éonstruct'on in which the sheatg 70 has reafer flexibility
al ong a di st al Y& Poit T RAHPSTO G A45F ok MeH SwWerleiloha el d8fty, the
sheath 70 incl udes, & dhestaabess @prd R, alBuavind Gaturds@RgEdiddat i s nore
flexible than a proximal section 135, wherein the free |length of the sheath
70 is L (extending 0P e eent Hy Kigdted) anditte 2By interlpcer g0 nBIRESESHEE | nt er nal

construction offotdenghRat hiséD.sh¥h chy icoghiddas an ihdRRtert YoWi@r 1ha ner 136, a
reinforcing coil 137, a distal exterior tube 138 and a proxi mal exterior

tube 139. The Fenydringsecrighal edves: 187cdidehdicvnel Fieee A @Hghshpwefn t he sheat h
70, while the gxf gfd s hyReSd 138 mk3Rublkbr hilsHB [@S- THh Sl fipess of the

proxi mal exterior tube 139 is desirably greater "than that of the distal
exterior tube MERdesoaptwgideippliel @i farempimg Witexthhiloadej ¢40, a8l whbbgh t wo

discrete S?Ct : aiﬁe%%lo%.tﬂlecega%gﬁm4 tﬁ}elaj‘lsf &g)%lﬁar\%g at%atagm tﬁel’}f(‘)ugih%x' b I l Ity
may be varied 1n nore than two sections, and nore gra uaPIy, wWwth simlar
results. 1@D#d]rByinp thewin iimgeras fromeprbtimni toldestali s¢rads-ssiegdlvaoH6134,
novenent of the hear cl e surrundi.n introducer. s th, 70 (such as
in the positi o% dbsg VIE]:VS%%IZ% Sqaéeralé@oarrr@ba aCfé%ﬁwa?W ﬁg‘ss e?ea%?rf% Vta%)ve§ he heart
ti ssue. That | sunctidretoprafidera e yreadedust@miests pask thraugdhaht inogddveatG, w t h t he
left ventricle %ﬁ el a creates a

signi ficant and ‘?ﬁel(#gae:r!%lélfge/??nl{tl%%%%E@Frgﬁgq}r%%ﬁﬁ{epe%g?l}wg}hl ﬁgﬁ‘a‘af“r? £ di stal end
of the introdugervatves kéaxrouvad bos tht @ppywirbehpsd rieduamodaamger 54 at he heart
ral | DT eorer AR PALASO, QLT TEOL B A 5 U cALlIcer o LAk oducer
trauma to the heantrod@éd houlngting 15aM® bitsBe tHehodstvckde®r IRrOKEfBEd Section
135 ensures that the introducer 100 projects out fromthe ,

embodiment, the introducer sheath 70 possesses an external hydrophilic coating

and has a length of between about 20-24 cm so that it may extend through the

access incision 20 (see Fig. 1), into the left ventricle and reach the aortic

annulus.

[0066]As seen best in Figs. 5 and 5A, the introducer sheath 70 attaches

to the housing 102 via a sealing extension 122 that mates with a distal nipple

124 extending from the housing 102. Preferably adhesive is used between these

two mating sections. A threaded nut 126 rides over the sheath 70 and couples to

threading 128 provided on the housing 102 just proximal to the nipple 124. In

this way, the various components can be manufactured (typically molded or

extruded) separately and easily coupled together during assembly. Adhesive

may be applied to the threading 128 prior to coupling the nut 126 for a more

secure final assembly.

[0067]A side port tube 130 extends at an angle away from the introducer

housing 102 and terminates in a three-way stopcock 132. This permits the user



- 19 - operating field in a relatively straight line, with m ninal

fl oppi ness, which is desired by surgeons. Sonetinmes a stabilizer at the
poi nt of wocbsimssipay be used, which reduces the heart walriuSoooem®ne

t hough the fl oppy distal end of the sheath still provides a benefit.

[0071] The liner 136 provides a snooth inner surface through which the
bal | oon catheter with heart valve nmay pass w thout hindrance, and the coi
137 provides hoop strength to the tubular structure to prevent kinking. The
sheath 70 may be fabricated using a nuniger of tube form ng techniques, such
as extrusion. [0072] I n one enbodinment, the free length L of the sheath

70 is between about 20-24 cm whjle the distal section 134 has | ength /
of between abolft™4'sg meﬁlﬁﬁfnﬁﬁ%o%‘%{b?r Tyids thpough ﬁ@ﬁb‘?‘ﬁ“ Ef?thﬁ/b?t@db?eéf@? ably the

di stal secti onedkddf dRedsucRAGHB bdlRon bALMBET dbRYienbh&emm and nost
preferably about 9 cm_The Ienath / should be sufficient to permt the
f1oppy portion of tlI868JHigaG-919 shey Exthendptalls of digdptrofuesh 1OHtIBCIN¢BE hear t

wal | [ 00{3Liiy @nagxermRbiary enbedianBall sdkfish bNORS sHehiief0. 13§ and
exterior tubes 138, 139 are fornmed of the sanme material for better nelding,

whi | e the coi | magimesd 3pgndigal e disacpiarpillsudters Toanbe Aty 6 72 soflHe | i ner 136
and exterior t HQ%pt%?t§ixT1&§9th€%ﬁs%a,1pr Audidd il BleOEt v@&Hleéﬁ{TﬁJex %QA fe under the

tradename PEBAX(r), while the coil 137 is stainless steel. The conmerci al
PEBAX pol ymer seasdnsiest of pol yet her bl ocks separated by pol yani de bl ocks.

The pol yet her bl oc ~ ~ vibr opyl ene
gl ycol, or poIytet5§w§?ﬁ§Pgﬁgﬁgﬁﬂ%#Qgp$%%{%ﬁ%ﬁékg§ﬁ§%ﬁ¥ggéngfﬁ#ﬁgualIy
based upon nyl te-shdthil haveyeaye floabiity apana diylabyesti@ tbén dyhonp@)idrabr even a
copol yner such nyd on-. n-11...Th | ymerns. r.an I n. hardness as
measured in du?%?lr% ‘eérp%f 1;12!}%1% hgrSIéeak‘ 76001 ngg& ﬁlodirlTs:za1 %efél?n g%%j The plrg%g)q mal
exterior tube 4iB% ihasredlegitdahet a piokiombteetion ) whireindhstrad letlh ef thor t ube

135, A felectign. oL PSR SoRSSLens AGne, respectivs pvpleal
the |ink, "Medig&hal construction of the sheath 70, which includes an inner tubular liner 136,
a reinforcing coil 137, a distal exterior tube 138 and a proximal exterior tube
139. The liner 136 and coil 137 extend the free length L of the sheath 70, while
the exterior tubes 138, 139 abut in series. The stiffness of the proximal exterior
tube 139 is desirably greater than that of the distal exterior tube 138 to provide
the differing flexibilities. Although two discrete sections each with constant
stiffness are shown, the flexibility may be varied in more than two sections, and
more gradually, with similar results.
[0070]By providing a more flexible distal section 134, movement of the
heart muscle surrounding the introducer sheath 70 (such as in the position of
Fig. 3D) is accommodated with less trauma to the heart tissue. That is, the
preferred procedure is with a beating heart with the left ventricle continually
contracting and relaxing, which creates a significant amount of tissue/introducer
movement. Permitting the distal end of the introducer to flex, or be floppy,
helps reduce damage to the heart wall. Moreover, the surgeon often
manipulates the catheter or introducer for better implant site access, which with
a stiffer sheath may cause trauma to the heart wall. At the same time, the stiffer

proximal section 135 ensures that the introducer 100 projects out from the



- 20 - Applications.” PEBAX(r) is a registered trademark of Arkema Inc. of
Paris, France, with U S. Corporate offices in Philadel phia, PA

[ 0074] Fi gwoeD1alogsi2shows an advant ageous vi sual i zati on ®¢ItusSmo#199Ne
distal tip 72 of the introducer sheath 70. A circular array of marker dots
73 at the distal tip 72 can be seen under fluoroscopy, and in clear
contrast to marker bands provided on the balloon catheter 54, as expl ai ned
bel ow. [0075]Fig. 7 illustrates in perspective the balloon catheter
54, which conprises an assenbly of interrelated conponents comencing on a
proximal end with a luer fitting 142 and termnating at a distal end in a
soft tip 144. The bpal n catheter 54 | so .shown in_ plan, sectional, and
expl oded vi ews PHEE §$ glifﬁmﬁﬁhﬁ¥?§%%ﬁ'aéﬂ WﬂwnﬂdﬁgPEw¥5@’ﬁ Ving the
luer fitting 1ld&ire@bhalileo6m. i Sunledhieon CONNELLohe bodt o ideidnemly 8 act uat or
154, and a pusher actuator 156. A pusher body 158 extends fromthe handle
150 around a biiefothich&duestthoheartupal meremenlitheyeh il doppasisidicad BhI | oon 52

located just preXhdi siliPréid@sa®bberfi p 144. Fig. 7 illustrates a balloon
sheath 161 covering the balloon 52 which protects the balloon during

shi pping and is ren®edThy ey 136 pigsident smpelh dgnst airlacoiiraighndéshede st at i onary
protective sl egypod8ZnabSQite¥landfelhQMBbN&i RANAGrahaD QY B cBil T8y Or i ty of

the pusher body 158 and forns an exterior surface of the balloon catheter
54 al ong nuch piovideshdoprigrength Thibe |tgadhs straagre s pement drinkéngs peetsheath i n Fig. 7A
wi || be descri ' L e oy [ tween the
bal | oon cathetgf%%ﬁmgﬂg%?ﬁgggg%@%?dggﬁ%?%géﬁ%ngﬁgggag$ %%%%Eﬂa}gg [ 0076] As
ment i oned, theepriement application di scl oses an advant ageous vi sualization

system for the dist tp. 72 of .the inty r at 0 cifically, at
| east one marker ba QT%PﬁFmﬁgEB¢%$?Hg§fg%q%%gl%ﬁggFﬁ%?ﬁgﬁh§%'MF/% bal | oon
52, and al so o#boat 8)-84 alm, ehide tik didve spuishdB4 hady lehHB /2 ol hawasr @oups oxi mty of

the distal end of the her. bod 58 and t he proxinmal end aof the ball oon
52 can { her of o8 “BLOBEH P SEe RN Lt AP e OB $Brig e 1 n

addi tion, the I%h%tﬁvbﬁﬁet%ern%o&fﬂ%,kﬁﬁ nélRt %re%gabﬁiabbﬁ@ chstad 1ehgR /72 of the
i ntroducer sheath 70 clearly contrasts with the marker bands on the balloon

- 21 - cat het eshogll engffidient ppdrant the dyppys®rtiemel the sheatht Hetosaxtegddh ensur e

that the i”trogﬂ%QQFhﬂ%tR§ﬁﬁnRﬁﬁfaCted far enough at the tinme of valve
posi tioning and bal  oon expansi on.

[0073]In an exemplary embodiment, the inner liner 136 and exterior
tubes 138, 139 are formed of the same material for better melding, while the
coil 137 is metallic. One particular combination is the liner 136 and exterior
tubes 138, 139 made of a nylon block copolymer sold under the tradename
PEBAX®, while the coil 137 is stainless steel. The commercial PEBAX
polymers consist of polyether blocks separated by polyamide blocks. The
polyether blocks may be based upon polyethylene glycol, polypropylene glycol,
or polytetramethylene ether glycol. The polyamides are usually based upon
nylon-11 but may be based upon nylons 6 of nylon-6,6 or even a copolymer
such as nylon-6/nylon-11. The polymers range in hardness as measured in
durometer from Shore A 60 to Shore D72, and the proximal exterior tube 139
has a greater durometer than the distal exterior tube 138. A selection of
PEBAX compositions and their respective physical properties are provided on

the website, www.pebax.com, in particular under the link, “Medical



[0077]Prior to a detailed description of the exenplary balloon catheter 54,
its interaction with the introducer 100 via the |oader 140 wll be

expl ai nedvoAs1igmes12i n Fig. 7A, the | oader 140 has a genecalusgomwubishar body
172 and a slightly externally tapered distal nose 174 that fits within the
i ntroducer 100, and specifically through the series of valves 106, 110, 112
shown in Fig. 6B. The | oader body 172 includes a pair of attached
cantilevered fingers 176 extending longitudinally with internally facing
snap ridges for securing the | oader 14Gpt.o a nipple on the proximl end cap
104 of the introducer 100. The | oader 140 facilitates introduction of the

bal | oon catheter 54 into the introducer 100. As descri bed abpye, the
i ntroducer houSPAaHYY- c&h{ﬁaﬁ*@ 1§ ﬁere%‘étfﬂieés“ag?m?fglﬁé%rki@%?mﬂg?arisﬂ that in
aggr egat e provigacawiif @atdnyeatt bifices ineallagaia)BA. egress of bl ood through

the introducer 100 in_the géesence or absence of different sized nedical
i npl enents. The di siP8741HigseD £ sBews Headverigeruaueradixiendas tRrgulh t he

i ntroducer hougis@afid 92 opidd iftaQMIRndEFE Xk @er G of Wier B3R 769€€ Fi 0.
14A) to hold them open and provide a snmooth internal |umen which matches
the size of th@C|dfAiPo cpde PeprBpdUdBIoTskRRL #1d70 Clorhcaniig ket he _
somewhat i rregplAt pOREPYS fhe BhiddaCadakt £08s SRIMRIPEIoR4A having a prosthetic
val ve 50 crinped around the balloon 52 may snoothly pass into the

i ntroducer sheath 70075]Fig. 7 ijloQms} An |pomtetive g ballbergatbgipt dtiedhich Fig. 7A,
positioned wthi i i 7 | 865 iroof annul ar
washers 180 an%hgnggg%f?%%?&zgﬁgﬁﬁg%%%%éT%%EH%%ésee%w?%(%ﬁ%ﬁmg@&ﬁhe
protective sl eevewill62lyassieg 1#hpolighninkieglaoadetal dlin agot tiphid4] dhder sea
prevents fluid,from i n round the sl eeve. The vent .menber 182

i ncl udes a pai tr)a%) nlcgtﬁ %%2%4, gltﬁ?ts Igor‘lx]sn Té))lanf E%:ﬁ grba(rioﬁnggf( plf) %%%ovd%%smgg%ﬁ ures in
the side of thg-1py comprizbs haustreichaddi8. 15D wsing te puece BN 14, aobkdloot bot h
buttons 184 causes deformation of the vent er 182, which ip turn opens
Che i stal spal Qg SRt sp ey s TTh aghe PAPHAHER 58 gy — 55°"
air entrained pushéd®dpl16®dxtandsTiom the dahd@dsy alboxdya Balog derldchvisdasi |y be
vented with one hand. The one-handed aspiratjon is both nore. conveni ent and
al so hel ps avo?@ Ry Ry ?’@ﬁ’f“%r#gﬁﬂ?ﬁh%eﬁfat JuptRrorEal o heyaltdin f‘g‘m

unscrewi ng a VelVe if@fak a\beidon shedtMaonandady @ReALOHOB2 WwMhGhote&s t he
conventional arrangenment. Mreover, elimnating the previous threaded cap
ar r angenent foﬂlethagﬂ%ﬂwﬁ@ RINPEY 1deintrenesr! RIT O theOhassiem] oddler seal
nmeans that nmoveRRRiedofiadddfryliotankl Y&vs 162 YRo IRRnILRIMIBE iKY 16@t het er 54)
is never prevented by the Voader valve. In this way, nmovenent of the
catheter 54 i sOdEcdoupPed diribemputher pekder addormdamexieritedipdst ololitcer 100.
[0079] Prior tonhabh QQmheRXPANALA nfivh IFER Ieleth! 9Thd JoadtN§4d QREEY 1140 _coupl es
over the distal extent of the balloon.cathe%er 54, as seen in Fig. 7. The
di stal nose 17dcripesievetio Kigit o\ whilk b descobiesciar mpro ulsfad goekep anthprovides a

cantil evered | I 7 it I € I he end cap
104 (Fig. 14A) ?&%ﬁgg %’itlull‘q%{)ﬁleibgﬁ %ﬁ?%a?hegz{ 5{15%{8 ﬁg‘té a@é&%gﬁse%'b? (gkn? Oglflcle%]t roducer
100. Sliding the).entire balloon catheter 54 distally permts the irregul ar
contours of the dis xtremt hereof tg.pass.safely across the val ves
706, 110, 112 and | SOIOEK LAY b B bR SR BT e ne
coupl ed to thevismlizathuc eysteh) Yoduhd ntistdilheép val wé thoplnantdudpr chedur®, and t he

vent nmenber 182 canh he tyated as needed to ensure no air _remains in the
system Sobannnat Dttt Sl DRSS STRE GuP sBhinltHEEE, 54 w1
now be descri bgd BMibdéh FESHpECHsot@ FidGel efid DR theThshgaloagt1es. Stheiantl udes t he
proxi mal control handle 54 and a plurality of_concentric tubes, that extend
distally to thBOSHHEY qfity ‘;iﬂﬁtﬁ?enflri)flﬂll?ep”ééfér?ﬁﬂ%}% %Bedpﬁ%‘ﬁ‘iaﬁ e‘FCf\)/fe&l‘éoncent ric
tubes of graduslilopn STetdneiheftEe be UANBC bech 0o OffaciBittce tdiri dhoBuechie@e. hamdl e 150,
as seen in Fig. 10B. The handle 150 includes_two ed halves having a

nmol d
plurality of ifftéionaghq sirgply a5V pf 8w dObnthith hdisi#hrtibods % dhponent s.
[0081] The hand|ngodRQr LNGIUAESIR1 HERRLL AfithC AR RkerGARRODE McShadbh | S Shown
in sectionin Fig. 9 and exploded in Figs. 10A and 10B. Specifically, the
defl ection actuator 154 in the formof a trigger controls deflection of the
distal tip of the balloon deflection tube 160, the pusher actuator 156 in
the formof a



-23 - slider controls |ongitudinal novenent of the pusher body 158, and
operation of a stopcock 190 permts infusion of fluids to flush a space
bet ween twe 2ontaossiacer sheath 70 and the pusher body 15@CTHRisealoesrvoye, a
Y-port 192 at the proximal end of the handle 150 provides a | ongitudi nal
passage leading to the luer fitting 142 and an angl ed passage |eading to
the balloon inflation connector 152. An inner tube 194 (smallest) having a
t hroughbore extends the |l ength of the balloon catheter 54 fromthe | uer
fitting 142 through the distal soft tipjl144 (see Fig. 12). The inner tube
194 provides a channel for passage of a guidewire, such as shown at 60 in

Fig. 3D. The luer fitting 142 al so may_ prqvi de an entry point for injection
of radiographi@“@ﬁﬁt‘%§¥1ﬁ%dWﬂﬁ?tﬂ$héﬁ&ﬁﬁ’Ipﬂﬁéﬁéﬁﬂ%%“ﬁﬁﬁ?mﬂﬁgdﬁeis usef ul
to check for peifidod@ey Hisabeeh @atlasteaftiénohifte afdihe sihtiedi wavegloiohisg APl ant ed.
[0082] Still wth reference to Figs. 8-10, and in particular Fig. 9, a

bal | oon i nfl at PYIYOR H¥"4YE (second smal l est) surrounds the inner tube 194,

extending fromthe goPQriiork84 ddthirRd dbktipliondbir B LA RPN Bati®mndalict Ng W t hin
t he balloon 52. As seen in FI&@'Q’ he Y-port 192 includes a stepped
@t

t
| ongi t udi nal b&hdishrigiapipnavity ragper 40 pigrthe oadarHAP vslbae Prgiged ecei ves
the balloon infkation FYbeal88. 1026 180 %Hgahlg%ﬁermf%gl,ap%&f P Lpay sealingly

receives the inner tube 194. The angl ed passage ‘| eading t'o the balloon
i nflation connglighdy exSmafly thpdieg destrimopd &t tat istwithan disaipsodgesi@e of t he

i nner tube 1 94aﬁd1$)%ciﬁpﬁf}st¥1{ogg% Iﬂl% éeﬂgge(gf \chiveg H86,b16}b| shiogzm 1§§F’I1gg?5Bt ube 196.

Wth this configuration Injected into t'he balloon in i on
connector 152 phsdadei hody il indwieelaspaihef lagadped cefitilevvecdbéihgeoon76 nf | ati on

tube 196 until jt exi fr t he open. dist.al end 1 t her eof i.thin the
bal | oon 52 (ase)géenedgngi fr?%%li ug.na lﬁ)wlthAﬁlg?Tigig/ng g |33|%r%§?se§°§ S%%“F%“%%%ot shown)
may be provi detbadar dheo baipbram thaploainiaband cdpel 01 96 thel inmnglutdrd ODebe h of t he

bal | oon 52 for, eyen jnflation nd in. part.icul orts oxi mal and di st al
Do ey ast helsab e fik0Buedon O BR b ke BR PP SRR h onds of
t he val ve at th@.sarrles@ibed above, the[id@&Rkdihigoubiak | 100rohtafnk alid edtiet wbe 196

ext ends through the | ungn t he bal | oon defl ection tube 160 (third

smal | est) whi cKelbEs!O8: gf%y}ff%éhlaté%ag%?&%we&lde Aan é’ﬁfec-twﬁl;}lp"éd EB1 BEHS500 fi xed
within a cavityged éhelobamdbeznlbl. intth@ichal doan ddepleasité @R dbidage 160 has a
particular construction that enables flexing along its | ength w thout

ki nki ng, and hdiéfeengsired gredispleinpleaienrs: t e divigt @ossal ¥ eutharipider 4@ bal | oon

def | ection tubgdfR adesn B Inroliel HolR&meA 0B LA Hesheh WRge h1089106t 10l ength to
prevent ki nkin a coil structure at its distal tip for deflection, and a

deflection wir 21’22@26 tieatl48xteheld themmpehang prxidget steepth injerpclumen | |

which matches the size of the lumen of the introducer sheath 70. In this way,
the somewhat irregular contours of the balloon catheter 54 having a prosthetic
valve 50 crimped around the balloon 52 may smoothly pass into the introducer
sheath 70.

[0078]A loader seal, seen exploded in Fig. 7A, positioned within a
proximal housing 178 comprises a pair of annular washers 180 and a resilient
vent member 182. As seen in Fig. 7, the protective sleeve 162 passes through
the loader 140, and the loader seal prevents fluid from escaping around the
sleeve. The vent member 182 includes a pair of lateral buttons 184 that project
through apertures in the side of the proximal housing 178. Inward depression of
one or both buttons 184 causes deformation of the vent member 182, which in

turn opens the distal space within the loader body 172 to the atmosphere. Any



[ 0084] The deflection wre 202 al so includes a plug 204 fixed on its
proxi mal end acted on by a rail 206 that slides longitudinally wthin the
handl e 1580 28pawsfizcal | y, the deflection wire 202 passe®Crhusougiosmng
aperture of a finger 208 on the rail 206, which aperture is smaller than
the plug 204. The plug 204 is desirably cylindrical and nmay be constrai ned
within a small guide sleeve 210 held within a cavity of the handl e 150. The
rail 206 fornms part of a trigger assenbly and noves with the trigger 154.
Pulling the trigger 154 to the left from.ts position in Figs. 8 and 9 w ||
di spl ace the plug 204 to the left, also pulling the deflection wire 202 to

the left, or in a proxi.mgl direction. The deflection wre 202 in turn
attaches to ond&' §’i‘tgaé“e§flg?'}?éﬂ‘é%li yithip the lgader Bpdyy ]ie% caq shug easiy beyaniedon

defl ection tubgihG@e hamd Pad bhdighn@&Y hdpGatinl i€ tothuBoRefoheGlidt biald stal tip,
as seen in Figs. 14D and 14E. O course by rotating the entire ball oon

catheter 54 abB‘ﬂPS. pyadd é@ﬁd@rfeﬁbnﬁﬁé‘%ig%ﬁt ﬁ’é t%"eb‘??éht’alﬁelﬁo%ﬂ}mﬁ@w&ge%red in any
direction. TheyQ@i lcapr QVivERS b@knidaedi Blckdib, amehnr @Sivhd @BAYenfsMa t hat

rel ease of tension on the deflection wire 202 permts the deflecting
segment 212 t odFa@Rgnentt dloscoyes gligieting ihepicaiorpireaded cap agumsicThier _
construction ofi.fligndetdfehd LR itPGe PRivENARLLS aPmSIng St BRVGHERRs f rom pri or
desi gns that ul T mat ely enables a size reduction of the valve 50 and

bal | oon 52. | nthermeotesityedlementt? Gahe deefelyeeathetan Sttulsency@Oprheested byithensi on no
greater than 8, F - [ r.oxi [ i lexibility
and col umm strgﬁget%%ﬂ\?\h;f?gn%ﬁgigﬁsteae&édgi (éa{rgl%% e%q% EgéC%gglg(erg{rﬁtgﬁ only at

t he di stal endloaddrd4dnmt afachedpni@tiedndVi.ng t he coil structure desirably has
a length of about Thi nstructi.on also fagilita nyfacture, as
t he brai ded proxi rrgq()ﬁ%—]l)lﬁ(g t% %@P@% snean nélgisgenw% ﬁlgatl%’acgzlae{aare#ﬁ@cti on wire
202 are easil ycapitbionedhaidistabexek df thg belloonlvethbick®4, as seen in FROB6]IMble second

| argest tube is the pusher body 158, ich.is.tu ar until .an outwardly
raved si cove Soul % PO R atooRe ipdihhingBeihg U Gha Y taleft i ent o
t he pusher bodyad&8ingéski1%€ mateOwith thbfRAagkEthisileev@e 28 cdphial (bRUP4SS W th an
internally threaded bore of g slider p 224, as s i.n Figs. 9 and 10B.
One or nore pai@‘? ?Fgloﬁg ?E}tl?-Féﬂfégéf] @u?ﬁ%‘pﬁ?ﬁf‘h%ﬁ TR u‘EfS&g&O#hdt‘Wetg%f’rftﬁ‘ér cap 224
permt rel ati vealwen esaér A didhs rhhdemhe FRIBRF cAWRKs 3R Dahl aabmdef | ection
tube 160 whil e sealing against blood | eakage therebetween. Desirably, two

0- rings 226 sHRERS EnPash Saplicsrs sivphret 10@. 140, idyandrintoils Hedeess t o hel p

even out the flg@s700NTIRAGAIRT14D henlnd tPBRdaHInd RELEIRF E0E GRe t he
quality of the fluid seal around the balloon deflection tube I60.

Transl ati on of ValFeinglingafocadng:, apitha et dvambes | §20ap be agupodiasdicedsd ta
correspondi ng LORRi Ui BahinsinQke dy8elsne handl e 150 thus displaces the pusher
body 158 relative to the handle and to the bal | oon deflection tube 160.
Previ ous devi ces i ndP8éke sajvas apmpdnanid|oé shealradlooth eathhaserl S4wwill @bvbée posi ti oned
within a threa - j k[edethg ' ive natuyre of the
0-ring seal el ?%%%?&ﬁ@ﬁ%p{c&%ﬁ%ﬁd%ébt ?ﬁgh%{yé‘ﬁl?tﬁéggg%@g‘%%?é% %Ilr%gl al so avoi ds
any m sal i gnnepintiof hinde Heandta padalig B Qommeoeic pass thap pgend digally waby er t ent
novenent of the I n flection tube 160. .0087 reover, the

desi on of “the Hhar 67855 PRIV EY bRt Ra e s S YR ERHEY £ wo
primary novenenhaleotizé benbaltd ooextandtimetier handle-150ek Iseatin dip. 0Bt Age di stal tip

"l udes. er gonBE Fis %R Roa Citurdinsd S ARER D R 8 Y cr,

coupl ed with ridbsicom édaistht d@ioud 66mpssntst i n nmovi ng the pusher body 158
along the catheter "[0081]The handle 150 includes a number of control components and is
shown in section in Fig. 9 and exploded in Figs. 10A and 10B. Specifically, the
deflection actuator 154 in the form of a trigger controls deflection of the distal

tip of the balloon deflection tube 160, the pusher actuator 156 in the form of a



[ 0088] The pusher body 158 slides over the balloon deflection tube 160 as
well as inside of the stationary protective sleeve 162 (the | argest tube).
As seen iWORBDD/008812t he sl eeve 162 affixes into a steppe@cCharseoiofo4@ohousi ng
of the stopcock 190, which in turn attaches to a distal end of the handle.
An O-ring seal 232 held within the stopcock housing (or between the housing
and the - 26 - handle 150) contacts and seal s against the exterior of the
novi ng pusher body 158 and prevents | eakage of fluid fromthe concentric
space between the pusher body 158 and the stationary protective sleeve 162.
Saline or other such fluid may thus be infused in through the stopcock 190

to travel down and flu t he concentric space bet th usher body 158
and the stati oﬂh‘gyc%‘[‘Ystg‘é‘%%“\‘}@néllf%%‘i‘?@elité’é.t ePUSher%ngggﬁ’ ERGoPeiafiop of g

el evational vi gwicodkhaodipetais affckied of Midiatd PR Gataet eketvadn ShOoW ng the
bal | oon 52 deflated and its proxi mal endé%gaced fromthe pusher sleeve 220,

while Fig. 12 fgdecct Wéatai@tagql the pyshgf badyd SBa PesFast hEwer 1BA e h t he

bal I oon 52 i nf hbak®ehl end of the H@RAOT I BrobABES 18RI A9 aRBSSBRIAIMOHGN t he
bal l oon 52 and ternminates at a distal end that is capped by the

af or ement i onedlusofiting il f> anlan appled gessagctipgdineda theqellpantigtlgionicarice@uct i on of
the bal l'oon caiot gf iy AR 10EAERS. | KA bR SHEOLAIAG kasHer This Is

particularly inmportant in the preferred procedure of the present invention
wher e the cat htednallemtathster h¢ frapethe dfer fimg| I tthripegt thi distal apltitip dddel s

t hrough the aofti g va) Vel e 1] t 1.0 Fig. 3D
t he di stal tipﬂ%%ﬁghgbbg?%g%gpﬁﬁ%gﬂ2§$gnéQ?g@ﬁéﬁ%h%ﬁ§?§@€% e@g?i% aortic
arch, and the swhtassiqwnl®40tilbig. ppefbntusr fitipg dd2alor mey pevidgbnasgiron to t he

surroundi ng vascul ar . t.i Fig. 13 al LLEustrat th n.gi stal end
of the i nnar "t ng @oiRaM Sorlofraphd IhER: BLGHTUARERTH Pl BRT L Heui r 62
may be passed ahidhtibesefnlach dgriaphi pervelvtiiaaddaksretierutne maystiedc ivalvedt ed to t est
val ve sufficiency after inplant. [ 0091] The bal |l oon 52 includes a
first cone porFWﬁﬂ“ 40, a main cylindrical portion 242, and a second cone

portion 244. The pr[@e821still Gvithedafdrencal ts eripd) SERiandbihypaatidutgskigr ound t he nain

cylindrical portjon 242 for ey cylindrical expansion, such as shown in
phant om i n Fig?’al ?plﬁ@%mﬁdw?%éﬁgé%”@ﬁﬂ“B@ﬁ?%ﬁﬂg mgwth?ﬂﬁﬁft dﬁﬁs rated at
a burst pressugefingdfrén AhY-poit PP 6 ardied @uhRM JA8 MriinatiRe wakpaneded

di aneter of the balloon ranges fromabout 20 to 28 mm the particul ar size
dependi ng on t R8logp2& @Y seebitnldgr $ Y erortsiP2Hasindss ianiipatit kggitudinal

bore having a larger distal portion that sealingly receives the balloon inflation
tube 196, and a smaller middle portion that sealingly receives the inner tube
194. The angled passage leading to the balloon inflation connector 152 fluidly
communicates with a space outside of the inner tube 194 that opens to the
lumen of the balloon inflation tube 196. With this configuration, fluid injected
into the balloon inflation connector 152 passes into and travels the length of the
balloon inflation tube 196 until it exits from the open distal end 198 thereof,
within the balloon 52 (as seen in Ilig. 12). Additional fluid egress ports (not
shown) may be provided in the balloon inflation tube 196 along the length of
the balloon 52 for even inflation, and in particular ports proximal and distal to
the prosthetic heart valve 50 are beneficial to help expand both ends of the valve
at the same rate.

[0083]The balloon inflation tube 196 extends through the lumen of the

balloon deflection tube 160 (third smallest) which has a proximal end anchored



- 27 - [0092]Fig. 15 is a longitudinal sectional view of a distal end
of the exenplary balloon catheter 54 showing a prosthetic heart valve 50
cri nped owenotimessial | oon 52. The heart val ve 50 has a slkromtuseolengdh t han

t he balloon 52 | eaving proxinmal and distal exposed portions thereof.

[ 0093] The balloon 52 is folded in a way that enhances visualization of the
val ve during inplant. Specifically, certain conventional folding techniques
resulted in winkling of the balloon 52. For exanple, a common way to fold
a catheter balloon is to first forma txyifold and then w apping the | eaves
of the trifold around the balloon catheter axis. Folding techniques like

this often | eave win . of ripples even jf do refully. Such
irregularitiesb%ﬁBQﬁﬁgb§ﬁX%£W@%BP§PHB?%ﬁﬁ?@mﬂ%ﬂgﬁ'ﬁgﬁ%ﬂﬁpgﬂ?%?ﬁoﬁjth
preci se | ocati @beafeotiae ppaxtnB coanelctbs ik eamls Aéitdelonalikeemlhrel ative
to the inplant site. The balloon 52 of the present invention on the other
hand is fol ded™thoW kipkiigeindiae dedestablecdistpl tpotMeveipaitiquledy the ballgpt ari ti es

that show up oferRehQr@bdi @URRMNYy int NS ae&maméuegalbhkgn@iah%hw fe@enPr operly
| ocate the heart valve 50 at the aortic annul us. [ 0094] Fi 16 is a

r adi al sectionh@hngﬁéxﬂdmﬁgﬂmﬁﬁﬁﬁ66%16WﬁFﬂgﬂ“@5%aa%éd§%6ﬁﬁnﬂ@ﬁﬂgieaves 250

of the bal | oongac.dQhdiBg thdbiBxiftlaLGHUH & coRNNer around the inner tubes 194,
196, though of course the direction that the | eaves are wapped i s not

critical. Fig. 17 il0p8dThateltectiore wieadpdsalesmcliyd¢sor ptug 3 Gxadgon The | eaves
250 extend | ongi i : .

circunferentia Ogs(%giégﬁdo%&%cﬁggoﬁga[ {aggzr(l)eglgal.tQ%J&Sgﬁlﬁm?ﬁgew[eﬂglﬁlgﬁ\ég “the radial
di mensi on of ea%¥h Ypecfic@B0the dbldectieswirt RPidpassea fpeekhsinrapeture of 4 finderg. 16 i s
m nimzed for i.ze bal n nd i i A} tial

wr appi ng ratesEggéh ?ém%n‘%3@6#@@3?%@?SFﬁﬁ%ﬁﬁ?ﬁ@%ﬁ%ggP%pggﬁpgg?ﬁgture. The
| ongi t udi nal f slddsikabheg/liaddtat asit maynisbedonftlai@dod thapy smalt puidddeavadi@l ends of

t he val ve 50, S .ensurin | ear . vi t he,\val ve. reover, the
ongt tudinal ¢ B iHEE ciB Tt S 15k Fhs HEAIERER: pHEOERITESR And ¢ he
pusher, as exphaemeg aabavwees Widriee FRgeDE4l ORI thebfiger POS & k)ef6- 8 f ol ds
or pleats pre-ﬁprned in the algoon whj ch %Iso fafilitate dgfl ti on and
removal t hr ougHORHE RASIUPR 1B AES; Arapd duwid displaceshe plug 204 to gyl fls0 use, the

present invent p@inPiRVidRsica WRYeb?2 aneheekfiest inve pasymilodirdeigt. amhé ng a
prosthetic heart_ valve 50 in the aortic annulus. The steps of the procedure
have been descH§lsedrmanisy e0nint A adiagis fo ¢y silegy thejcodl at gidigtad 49121381 f ar as t he

final inplantatye MRS ERSecdnIQRCIGOPIdIPRE: dnhBe A6 AL AVBQUSHYARPT the
exenpl ary bal l oon catheter 54 and I ntroducer 100 in perform the entire

n
procedure wi || iRow S5en r Bigh-ded ard hilr-efUreonte by gomlings the 13tigncpl g, 14E,
which are in spibbf! £MhoR! id B8is SEEMM ReHend 310 ¥ Y€ s®Bred in any

direction. The coil provides both flexibility and resiliency such that release of
tension on the deflection wire 202 permits the deflecting segment 212 to return
to a straight orientation.

[0085]The construction of the deflection tube 160 enables a size
reduction from prior designs that ultimately enables a size reduction of the valve
50 and balloon 52. In one embodiment, the deflection tube 160 has a dimension
no greater than 8 French. The braided proximal portion provides flexibility and
column strength, while the distal coil enables the deflection only at the distal
end. The distal tip 212 having the coil structure desirably has a length of about

4 cm. This construction also facilitates manufacture, as the braided proximal



[ 0096] First, as nentioned above, the physician determ nes the size of the
patient's annulus. This can be done physically by creating the incision 20
and punctwopeoB208$d2gs. 1 and 2A) in the | eft ventri cul aPCaszo10and09
inserting a sizing tool into the aortic annulus. However, the puncture 32
may not be | arge enough to pass a conventional sizer, and an alternative
techni que such as echocardi ography or other such inagi ng system may be
utilized. [ 0097] Next, the ball oon catheter 54, introducer 100, | oader
140, and prosthetic heart valve 50 are el ected, and prepared for use by
removi ng them from any packaging and rinsing or sterilizing as needed. A
pre-dilation ste es ve Wi.th respect to Fi 2A- 2B may be
performed to eﬁ@??@émgFmﬁﬂﬁ‘WH@%?gﬂﬁW§“@%W@Fﬁ£§éW?ﬁﬁﬂyﬁg?h@e%B?ch annul us.
[ 0098] The procesRlimforedeiligpi Ng the prosthetic heart valve 50 over the
bal | oon 52 may be acconplished in a nunber of ways, and there are suitable

devi ces on the mar K@P36l e%??%b?ﬁﬁ“BQWPégﬁI%ﬁ%%ﬁﬂ?hbﬁ%ﬁéﬁ?ésBWEF“baIIoons

I'n a preferredygimadiuiRndly rArddeYdec@20RYh NY dRiaf ORPIES BighXR MRChBNiSM t hat
works like the aperture iris of a canera is utilized. In such a device,

mul ti pl e conti Rigsuwl $a¢mé ke Pesheiuheflyt X péixgspivet yhrggded wieepy 831 Mgt i ¢ heart
val ve 50 C'Oseaﬁﬁﬁﬁ%ﬁ&ﬁhxnéﬁﬁuyﬁu&ﬁ&@ﬁ&%cégsh&ﬂkayQQI%E&khQM@kg @fessure i's

exerted on the heart valve. The devices typically opéerate manually.
[0099]Subsequemulyﬁiﬂh@(ﬁﬂ@W@M@ﬁvq@ﬂ@§89ﬂsﬁ%TW@@mﬁwb§8Céﬁ@Shwaﬂam sl eeve

220 are advances, Qahabhdy W enlREMEOHIPheARS Qb hOBuRRL ORR S, such as

seen in Fig. | oader I's t en secur over istal end of the
- 29 - bal | conwbatlb@tvbile 5e4ing agplinstiblogd tehimga simeghotweenf DetimblyalwoOn 52 and

prosthetic val }/iggs(%tsagcp\x%\é\ﬁ])dn annular polymer (e.g., nylon) washer 228 to help even
out the forces on each of the O-rings and therefore enhance the quality of the
fluid seal around the balloon deflection tube 160. Translation of the slider 156
and attached slider cap 224 along a corresponding longitudinal slot in the handle
150 thus displaces the pusher body 158 relative to the handle and to the balloon
deflection tube 160. Previous devices included separate handles and the seal
would be positioned within a threaded cap that required tightening. The passive
nature of the O-ring seal eliminates the two-handed tightening operation and
also avoids any misalignment of the heart valve 50 once positioned from
inadvertent movement of the balloon deflection tube 160.

[0087]Moreover, the design of the handle 150 facilitates one-handed
operation of the two primary movements of the balloon catheter 54 — deflection
of the distal tip and linear movement of the pusher body 58. The handle 150
preferably includes ergonomic ribs 230 on its underside, as seen in Fig. 8,
which, coupled with ribs on the slider 156 assist in moving the pusher body 158
along the catheter.

[0088]The pusher body 158 slides over the balloon deflection tube 160
as well as inside of the stationary protective sleeve 162 (the largest tube). As
seen in Fig. 9, the sleeve 162 affixes into a stepped bore of a housing of the
stopcock 190, which in turn attaches to a distal end of the handle. An O-ring

seal 232 held within the stopcock housing (or between the housing and the



[0100] At this point, or at the sane time as ball oon catheter preparation,
the introducer 100 is positioned within the |eft ventricle as seen in Fig.
3A. Agai nyotha/qossige- string sutures 44 maintain a fl ui decirgistoiseaisoar ound
the introducer sheath 70. During the entire procedure the heart may
continue beating. The physician inserts the distal nose 174 of the | oader
140 into the proxinmal end cap 104 of the introducer 100 and bottons the

| oader out such that the cantilevered fingers 176 engage the flanged nipple
105 of the introducer, as seen in Fig..ok4A. At this point, the balloon
catheter 54 is ready for introduction in the body. [0101] The pusher

body 158 and pusher eeve 220, as well as the s I onary otective sl eeve
162, facilitat Eaﬂgﬁev]a“rs(?gé%?ﬁs P éa%Fé‘Fslté‘E?tfifo&%Bé&’ﬁﬁ"t‘OV%zp‘%Fd b9t'Y ached

bal I oon 52 havisiQaddiReéal VQkSR & HulipRsh tHebe@AriRpadBbebe tepusiRgucer
sheath 70 and its valves 106, 110, 112. In particular, the flared pusher

sl eeve 220 surP%hhH@fPHé‘H%@Wﬁ%ﬁﬁmﬁwgéﬁﬁ%ﬁfei@% S#te 0T ofhsk #v8 1Bdr t i on of

the bal | oon 52 gyfiRPe RASSALR tﬁrbﬁ%?\l‘tﬁg' stop&ckNbH @IHERI asheatd 1dd. ndhe pusher
sl eeve 220 secures the crinped va from novenment relative to the ball oon

52. Event ual | yconsemsi¢ gigce rbétwea&ttheoam@ﬁr by bgsHer thy GEMionEw PFA¢CHye ve to t he
bal | oon defl ect.Qn jkpbe 160 frees the deflecting segment 212 for angled
novenent, and the ball oon 52 for expansion. [ 0102] The physician then
distally advances tI983%Eigl dbns emchertemalbewiafhhe dspéend b thehalloomder 140

and i ntroducer &QeQergﬂtsﬂo@ﬁlBQﬁ% bd1RBn %E‘%@ﬂaﬁé hoats d&r@ﬁ}’fﬂl LY \?'g%d fﬁh‘? In this

state, the bal f'oon val ve may be advanced to its e tu i npl ant
position u3|ngmemhdmaﬂdwogﬂ@pﬁykfﬂ9ﬂ2@Mawph@dmmlmMXF@mﬂﬁpmihaﬂphyS|C|an
then retracts S hs i 0 fromthe deflecting segnent 212 and the
pr oxi mal portlgangHF %ﬁ% ffzoonzlt , as seen in Fig. 14C, by sinply sliding
back the pusher actmﬂmnihaﬁﬁmﬂnmihmqhandMﬁo@ﬁﬂheHhkmsﬁahhmnmmymwsotective

sl eeve 162 around th usher erves.to t of the
pusher fron1th8t%g$9§?85$ 1ﬁ8mﬁﬁ¥P6§ﬁ%%'mn?ﬂﬂgwdsqg q4¥egﬁ ?rlctlon on
t he pusher. AJ$@1ﬁkhﬁn@m@&hﬁﬂd@doDﬂgH@Mb@ﬂcaﬁaeﬂyﬁmngmba@kt@h@am@sher
actuator 156 while rasgégggéhe handl e 150 greatly diuces t he cpance of

mi sal i gnment ofurfoyRdipg 1 I8 {3 chularly important in the preferred procedure o
the present invention where the catheter enters the apex of the left ventricle and

travels through the aortic valve into the ascending aorta. As was seen in Fig.
3D, the distal tip of the catheter may extend far enough to enter the aortic arch,
and the soft tip 144 thus prevents rupture or other abrasion to the surrounding
vascular tissue. Fig. 13 also illustrates the open distal end of the inner tube 194
and soft tip 144 through which first a guidewire 62 may be passed and then
radiographic contrast medium may be injected to test valve sufficiency after
implant.

[0091]The balloon 52 includes a first cone portion 240, a main
cylindrical portion 242, and a second cone portion 244. The prosthetic heart
valve 50 desirably crimps around the main cylindrical portion 242 for even
cylindrical expansion, such as shown in phantom in Fig. 12. The balloon 52 can
be formed of nylon, and is rated at a burst pressure of 6-8 atm. In preferred
embodiments, the expanded diameter of the balloon ranges from about 20 to 28
mm, the particular size depending on the size of the heart valve 50 being

implanted.



[ 0104] The physician may further advance and angle the balloon 52 until it
reaches the position shown in Fig. 3C. The entire operation is visualized
usi ng radwvogoaplssi2zrmar kers and fl uoroscopy, and the preecsaspasiosisoni ng of
the ball oon 52 and prosthetic valve 50 nounted thereon is acconplished by
axi al nmovenent and rotation of the catheter 54 coupled w th angul ar changes
of the deflecting segnent 212, as seen in Fig. 14D. Specifically, as the
prosthetic valve 54 advances it is aligned as nmuch as possible al ong the
flow axis of the native aortic valve A¥7hy gross novenent of the catheter
54 and slight changes in its angular orientation by tensioning the

deflecting wire 20 t he .defl ection actuator 15
ment i oned above, ﬁ@wgégﬁ &?H%ﬁ]ﬁﬂ?@d?ﬁb“fﬁﬁﬁﬁVTUB?fé%¥%ﬂd?dﬁ%dﬁ?the handl e

150 al ong the B)@Jﬂhﬂl}@ﬁbﬂ@%ﬁeﬁhét&njﬂsti@\%n%@%r@ﬂﬁué Rdafii VBt 86 catpéd@vedlef | ecting
segnent 212, and preferabh¥ at a distal end of a coil sprlaﬂ therein (not
shown) . Pul | i nfettaloenetd- edbs Beariwalee hhasa sagsier dengthydrn dietfalgorsagment 212
to be pulled tQa%ﬁ@pl%'xﬁl@al%d(ﬁ&tﬁl&;&?&%@boﬁfmsttﬂ&e(\lﬂ re, thus deflecting the
distal end of the catheter and balloon 52, as in Fig. 14D. [ 0106]
Utimtely, the val [\9@9351@11@ Ballogs 52 jiotedkdsd dbp rewtthys cabances wsuglizaion ofki ng car e
that the Va|VeméQaN§dHHﬁ &ﬁQJ ﬁﬁ%ﬂﬂhﬁ&%mﬁ&hQ&&wﬁ&nﬁhﬁmﬁﬂf@aﬁ&¥m95t'a 80
when expanded. Saline nlxe wth contrast i's then i njected through the

bal | oon i nf | at reswlteddnmaigklore afShe biiooh Spabeiesxamhleoy gbmmpe wae frgfotd of t he
bal | oon infl at| 9 14E. The
bal l oon 52 is % égﬁgggﬁ‘@tgqﬁ%ét%?%gﬁF%§%¥g@g%ﬁéﬂﬁﬂ%H§§§%%$;%ﬁ?gh has
previ ousl y beetifgldlasemné thettellpmoptheley aax pémding lvehmpqws like thisoftivedgate val ve 52
toits optlnun1 ontact wth.the r i rtic valve AV,
and calcified I%ﬁ@’etsr?PR%ﬁvml%(%gFﬁaFﬁﬂgl §ud1$ﬁ§8mn%”q%s ﬂﬂﬁu@trated in
Flg 3D. The bambammogﬁmgxpamHSaﬂhmxmﬁnsmmpmma:Meﬁmhoﬂmbpﬁmﬁﬁﬂmnd|nplant it
in the annul us |ch th efl ate d r enpyv fromw thin
the vl vor -yl &5 of e haboSh REREBT Rk o PGh ST act medt um
may be inj ect eﬁreﬁdnomvbﬁtﬁ)nmrobhb eer hugr 1sd@]ﬂl6@¢ﬂ h@{ﬁhnﬁéif&hﬁfre(ﬂ&es Falok oon
catheter 54 to egress. throu he distal soft ti 44 and test the efficacy
of the just-inpPrEREEYIRYSE ‘%‘ét f‘f’é sy ve OBfﬁ’Cthf‘rdt%gaPé&ItU‘és ‘inéallﬂ%ﬁé‘?l y
functioning, thallabhepaiycetdhethehedhdvale 50iat hdnaw@ ahmig. t he introducer
sheath 70, which is renmoved fromthe puncture 32. The purse- strlng sut ures
44 are closed up t o082t he iphiFcialsectigp of the folded[beﬂ%l] ofdrigelaghin, the

del i very systemARs64i 1886 b&y & (Re bAIBABD iGN ¥ cWRkisS HahR4 afRhd an
ant egrade, transapical approach, partly because of its relatively short

| ength. Wth rérepesicabesol fi ¢26, Algugh e comese e Hisgsgom Ut echleaysstadducer 100
s appr oxi mat elupbe | BENERiAEFIEM i1l 8 1L En80 ity NGnshegth 70 t hat
may extend within the body is between about 20-2 The portion of the
bal | oon cat het @ﬂvdf‘aﬂftohaﬁtterélxl@gwlnaﬁvml@ﬂgethenbaibdmcﬁér amlogoniprisateves, t he
portion of the ter fr dirst ] -

approxi mately t%%hgagﬁgﬁg he ?éﬁ%Pgﬁ%%4§Z Iﬁ’éﬂ?ﬁfg.$hbﬁg}£%?gﬁﬁhan about
24 inches (61 dm)e;nswmlocﬁwaqierlemf t250.abeutesuldng mztp@sd (stmctctﬁ)inolﬁigt ﬂlé ibal | oon
catheter to exi ?qdi %§¥ rquat s 78 oi” Qal{ogrqu%gr sdI 5 % n cnpu ﬁere(téell wra It
shoul d be noted that the télat’i ve THort™f'en ¥$1 e de systen1|s
unsui ted for an%nmgmhsmﬂmﬁﬁnmmmammimu&:ap@mmamhmuhrdhghmghmhm@ﬁﬂ@heral
vascul at ure, as. sho [ endl U. S, Patent. Publ.ic n

5007- 0008151 ¢ BTaghst ol gl SR hg i St PSS ll on ¢ he
bal | oon cat het eisufidy iat Q& fyiew alf B¢ vhlhan Moredvé e arnibagiyudoatl et ameyised for
gui di ng the ball oon c%{he er, as i§s gpﬁe in US. Patent Publication No.

2007- 0005131. SHEEHGH Mpaghardpen fgdaponn Bdhe Risheh & CRletiBo%hi ity to

di rectly mani pyhat éndyt bf@aldr In@BNRRGES SHUBRIS S WicaROBretrb@itiang @é t he

prosthetic heart in the aortic_annul us.
balloon which also facilitate deflation and removal through the valve and

introducer.



[0109] While the invention has been described in its preferred enbodi nents,
it is to be understood that the words which have been used are words of
descri ptiwo 2anchogsie of |imtation. Therefore, changes megThis20mame1oos t hi n

t he appended clains w thout departing fromthe true scope of the invention.

- 32 - WHAT IS CLAIMED | S: 1. A nedical introducer and heart valve
del i very cat heter conbination, conprising; a delivery catheter having
a distal balloon of sufficient dianeter to expand a crinped heart valve

t her eon;

and

an introducer that rgceives the delivery catheter

therethrough has an elongated tubul ar sheath extending distally froma

proxi nal

housi ng c¢ I n | east. one introducer valve far fluidly
seal i ng around a pr@h% Sgeﬁ‘ﬁtpf:?s‘fﬁt IRYFBUYEPTOVEFY? BAYY Xé‘i‘%?ffecflﬁeewé%eat h

including a prexifBknERERNhEY hentiang B ih eRgbhiclandiluat THe8Rps o0Re hal f the
| ength of the sheath and having a first stiffness, and a distal section

havi ng a | engt ROFedyER hayg been C?écé@ﬁ‘aa@t"?f"?tﬁé‘é?e‘alt? Figs-dnt- af lsat 2 Fs a5 j r st

stiffness.

the final implantation steps. A description of the advantageous use of the
exemplary balloon catheter 54 and introducer 100 in performing the entire
procedure will now be provided with reference to Figs. 13 and 14A-14E, which
are in situ views of the system without the valve 50.

[0096]First, as mentioned above, the physician determines the size of
the patient’s annulus. This can be done physically by creating the incision 20
and puncture 32 (Figs. 1 and 2A) in the left ventricular apex, and inserting a
sizing tool into the aortic annulus. However, the puncture 32 may not be large
enough to pass a conventional sizer, and an alternative technique such as
echocardiography or other such imaging system may be utilized.

[0097]Next, the balloon catheter 54, introducer 100, loader 140, and
prosthetic heart valve 50 are selected, and prepared for use by removing them
from any packaging and rinsing or sterilizing as needed. A pre-dilation step as
described above with respect to Figs. 2A-2B may be performed to enlarge or
crack existing calcification in the aortic annulus.

[0098]The process of crimping the prosthetic heart valve 50 over the
balloon 52 may be accomplished in a number of ways, and there are suitable
devices on the market for crimping balloon-expanding stents over balloons. In
a preferred embodiment, a device having a compressing mechanism that works
like the aperture iris of a camera is utilized. In such a device, multiple
continuous segments around the periphery of the prosthetic heart valve 50 close
separately but in concert so that uniform inward pressure is exerted on the heart
valve. The devices typically operate manually.

[0099]Subsequently, the aforementioned pusher body 158 and flared
sleeve 220 are advanced distally over the proximal end of the balloon 52, such

as seen in Fig. 13. The loader 140 is then secured over the distal end of the



2. The conbination of claim1, wherein the |length /ranges between about
4-12 cm 3. The conbination of claiml1l, wherein the length L is at
| east 24 wopoamdsgibe | ength /ranges between about 6-9 c®CT/US2010/041909 he
conmbi nation of claim1, wherein the tubular sheath has an inner liner and a
reinforcing coil that both extend the entire I ength, and at |east two
sections of outer tubes in series having different duroneters that create
the differing stiffnesses of the sheath. 5. The conbi nation of claim
1, wherein the second stiffness is | essothan the first stiffness. 6.
The conbi nation of claim1l, wherein the delivery catheter has a catheter
efI tabl e portion of the

catnetor tube BUTArelsy S aIRRE ORI opitechsbre S veroEst ot or
further includifige @otdbwhar val ve pusher that slides over the catheter tube
and noves - 33 - . . . .

[0100] At this point, or at the same time as balloon catheter preparation,
the introducer 100 is positioned within the left ventricle as seen in Fig. 3A.
Again, the purse-string sutures 44 maintain a fluid tight seal around the
introducer sheath 70. During the entire procedure the heart may continue
beating. The physician inserts the distal nose 174 of the loader 140 into the
proximal end cap 104 of the introducer 100 and bottoms the loader out such that
the cantilevered fingers 176 engage the flanged nipple 105 of the introducer, as
seen in Fig. 14A. At this point, the balloon catheter 54 is ready for introduction
in the body.

[0101] The pusher body 158 and pusher sleeve 220, as well as the
stationary protective sleeve 162, facilitate advancement of the deflecting
segment 212 and attached balloon 52 having the valve 50 crimped thereon
through the introducer sheath 70 and its valves 106, 110, 112. In particular, the
flared pusher sleeve 220 surrounds the deflecting segment 212 and a proximal
portion of the balloon 52 during passage through the introducer sheath 70. The
pusher sleeve 220 secures the crimped valve from movement relative to the
balloon 52. Eventually, proximal retraction of the pusher body 158 relative to
the balloon deflection tube 160 frees the deflecting segment 212 for angled
movement, and the balloon 52 for expansion.

[0102] The physician then distally advances the balloon catheter 54 with
respect to the loader 140 and introducer 100 into a position such as that shown
in Fig. 14B. In this state, the balloon 52 with valve may be advanced to its
eventual implant position using echocardiography, for example.

[0103] The physician then retracts the pusher sleeve 220 from the
deflecting segment 212 and the proximal portion of the balloon 52, as seen in
Fig. 14C, by simply sliding back the pusher actuator 156 on the handle 150.
The stationary protective sleeve 162 around the pusher body 158 serves to

decouple movement of the pusher from the valves of the introducer, thus



longitudinally with respect to the balloon, and the delivery catheter also
has a proximal control handl e on which are nounted both a deflection

act uat or wonodafsseti ng the defl ectable portion of the earhsteoosishe and a
pusher actuator for displacing the valve pusher with respect to the

bal | oon. 7. The conbination of claim1, wherein the delivery

cat heter has a proximal control handle and includes a plurality of
concentric tubes extending fromw thin the control handle, and at |east one
passive seal within the handle for sealjjng around one of the tubes, such

t hat novenent of the one tube is never prevented by the passive seal.

8. The conbi nation of.claim1, erejn the delivery catheter includes a
tubul ar val ve FUSHRS ﬁ’ccﬂa? 0 Fﬁed’é\éﬁ(ébvgiﬁotth‘éOlﬁﬁalﬁa}’i‘é‘ffg?ﬁéﬁ%%0 HymeRpels

| ongi t udi nal | yei jRhdrespRch 156 Wik Baldiohe @mdieal r geast tadecs! @eve t hat
extends over a majorjity of the valve pusher, and a tubular |oader defining
a throughbore fhate oldpigligaaient ofthervalve pesitiion of the delivery catheter and

includes structure [§oy] k0 Gin Ry | fGhed hivARE A aQfle thefafXdd B ugNd of the
i ntroducer housing, the |oader having a distal nose that extends through

and opens the ititiogutierroviiipy shaufdint biei P+ akheseniesepegiiopersttiedigh of the

bal | oon of the ge) [bMREMpFRLDELEL! and MfordLAHE LAY pR;sE pRLifslifPbr OUSi ng wi th
a passive | oader seal “such that novenent of the protective sleeve is never

prevent ed by t halobpadend peasthetic valve 50 noupedrghtireoalis pepopplihed by awnd! hear t

val ve deli ver yrn%géar{.‘c[ﬁ%gfri]d {é)?a[ﬁ%h %f&ﬂe%the%?%’%@lé&%ﬁh angular ghzﬂl%laé Mi&hy catheter

havi ng a dista sufficient dianeter to e a~crinped heart
val ve t her eon, d¢fleetimpeiagmenty? Ratahetaarini gl ). n§periliailikers thampdostietia pr oxi nmal

ond, of he o2l 980y Lnel X Spaaal gkt RS DAL Om e uiber el ve
to the bal |l oonnaivd abigis valveliASt @) gromrk@embard theamatheter 584nd-slight changes

in its angular orientation by tensioning the deflecting wire 202 with the

deflection actuator 154.

[0105] As mentioned above, the deflection wire 202 (Fig. 10B) extends
from the handle 150 along the balloon deflection tube 160 and terminates at the
deflecting segment 212, and preferably at a distal end of a coil spring therein
(not shown). Pulling the deflection wire 202 causes the deflecting segment 212
to be pulled to the side of attachment of the wire, thus deflecting the distal end
of the catheter and balloon 52, as in Fig. 14D.

[0106] Ultimately, the valve 50 is positioned correctly as in Fig. 3C
taking care that the valve 50 is not liable to block either of the coronary ostia 80
when expanded. Saline mixed with contrast is then injected through the balloon
inflation connector 152 which passes through the length of the balloon inflation
tube 196 to fill the balloon 52, as seen in Fig. 14E. The balloon 52 is of a type
that has a maximum expanded diameter which has previously been selected to
properly expand the prosthetic heart valve 52 to its optimum diameter in contact
with the surrounding aortic valve AV, and calcified leaflets if they remain in
place. The step is illustrated in Fig. 3D. The balloon 52 expands the prosthetic

heart valve 50 to implant it in the annulus, after which the balloon is deflated

and removed from within the valve.



an introducer having an el ongated tubul ar sheath extending distally froma
proxi mal housi ng containing at | east one introducer valve for fluidly
seal i ng avound/msgizoxi mal | ength of the delivery cathet ecl/ush@osihmas h
havi ng a t hroughbore for passage of the delivery catheter and a marker dot
array around its distal tip to distinguish the distal tip fromthe marker
bands of the balloon and the pusher. 10. The conbination of claim9
wherein the delivery catheter has a catheter tube and the balloon is

di sposed on the end of a deflectable paytion of the catheter tube actuated
by a deflection pull wire, and the delivery catheter also has a proxi nal

control handl e on nted both a defl ectjon actuat.or r

defl ecting the def m@&gﬂﬁﬁl e%?‘%ﬂ o‘ﬁglfigral’lﬁé ORHE Ry HRaYs RYy 1316f)tﬁ§her
actuator for | @@ thelGrdxahhiylugi s@ina&iondi4bheg MalbiBodaUsiRler WAL d; 5@@9(3'[ to the
bal | oon. 11. The conbinati on of claim 10, wherein the livery

cat heter incl ubsugh 1Be skl 3oft dp ddrandnierti betqiicasy &l B drsigmpagiad wi t h| n the

control handl eprogRélicAlalVeSdS it @ GalPES PropRrl$ AakiMidd) i tahsonandlegsd or seal ing
around one of Fhe tubes, such that npbvenent of the one tube is never

prevented by t fevifhdEsinptoghaintroducer sheath 70, wirigh i srpvea fioBnthe purctus m 10,
wherein the deg} ep{ahlQ R, tsh&?bs%%dlo%@éuﬁto%ﬁ' Qﬁﬂlmé&lfetﬁé“”e and the

deflection wire extends along 1ts length up to a distal coil to which the
defl ection wire at{@d8ESnca dgaing ol @%w%lsestg@rctescmtbe%awmgs @adicwlerdsi on no

greater than 8wgﬁ§ﬁﬁela for an ante d Tﬁlgnsg %} {]1 ll?e'cgﬂg otwﬂgr ein the

delivery catheter 1 ncludes a't ‘ar v des”over the
cat heter tube wﬂﬂﬂwaﬂuv@srtllmtlmltmadﬂnynw chFlgeéxﬁedlb etnuret hegtbedfltb@n and a

PLoLeEt e S RIS RIBIANES, B TRAR Bl ghhe e bigrosher, ond

delivery cat heBl&athaTlthhhmhyjdﬁSndSWﬁhiQtthH’ Bodyois betwedh about 20 24 cm. The
portion of the balloon catheter 54 that extends into the introducer 100 (that is,
the portion of the balloon catheter from the distal soft tip 144 to approximately
the deflection handle 154) is preferably no more than about 24 inches (61 cm),
which permits about 11 inches (28 cm) of the balloon catheter to extend beyond
the introducer distal tip 72 (see Fig. 4). It should be noted that the relatively
short length of the delivery system is unsuited for a longer, more circuitous
approach through the peripheral vasculature, such as shown in co-pending U.S.
Patent Publication No. 2007-0005131 to Taylor. Also, the steering mechanism
is provided on the balloon catheter 54 itself, rather than on a secondary catheter
used for guiding the balloon catheter, as is done in U.S. Patent Publication No.
2007-0005131. The short length of the balloon catheter and the ability to
directly manipulate it greatly enhances successful positioning of the prosthetic
heart in the aortic annulus.

[0109] While the invention has been described in its preferred
embodiments, it is to be understood that the words which have been used are
words of description and not of limitation. Therefore, changes may be made
within the appended claims without departing from the true scope of the

invention.



engagi ng mating structure on a proximal end of the introducer housing, the
| oader having a distal nose that extends through and opens the introducer
val ve andwbaoildogssmkes passage therethrough of the ball oeoTafs2eloe4ded i very
catheter, the | oader having a proximal housing with a passive | oader seal
such that novenment of the protective sleeve is never prevented by the

| oader seal. 14. The conbination of claim9, wherein the balloon in a
deflated configuration is folded in a manner that |eaves only | ongitudinal
fold lines. 15. A nedi cal |ntrodqﬁer and heart val ve delivery

cat heter conbination, conprising; a delivery catheter having a distal
bal | oon of sufficient dianeter to expand a crinped heart val ve thereon;

an introducer havi I3:ubul ar sheat h extending distally froma

proxi mel housing cont ai i NGeditall SRFIIARNE ah1t KAAUGERc VabMRT Qaitblepi dI y
sealing around a proximal |ength of the delivery catheter; and

t ubul ar | oader SHBFRHICASLORPEINPSUghbor e t hat recei ves a di st al portion of t he

delivery catheter, and larkfehlwi%atﬁ&tép&fvﬁlrgea &15251 &n%gbmffr@énk BAmsfef Uct ure on
a proximal end of the introducer housing and a distal nose that extends

t hrough and opens tthéexpand asmped hapg|valye teeeonaand| i t at es passage t her et hr ough
of the balloon of the deliy d}ﬂc %a.ltqutca(/es thDBetly d&fhe%?ﬁ{ﬁfé@}rﬁ%ggogé“ mel

housing with a | oader seal l'y seallng roun e ucer
sheath, and a SIngl%&ﬂ@ﬂﬁ@dﬂﬂ@hﬁSm@ﬂlG@%ﬂﬂ@ﬁh%@b@ﬁ@nﬁﬂ@@mmﬂﬂﬁWﬂnghe | oader .

16. The combi nati on, eal. S s a

resilient vent menbé)(r?l aln(f#ﬁlapk 5 Qtn\ghg S eas gongoql 1d1§ aS?Jﬂgl %@Hd

prolecfs throu?h ﬁnn?pemtm?ghphmbhdn&ud@mﬂmx?heﬂpmmxmﬂmﬁmhopsmmgl whﬁgein

mani pul ation of the |ateral bhutt us or menber,

which in turn open§w§n?b§é%n£n%ﬁlﬁgﬁﬁ‘1e Emg Eﬂ%hgl §m‘gqFﬁ a% nospher e.
and having a first stiffness, and a d1sta1 sectlon having a length ¢ that has

a second stiffness different than the first stiffness.

2. The combination of claim 1, wherein the length Zranges between

about 4-12 cm.

3. The combination of claim 1, wherein the length L is at least 24

cm, and the length Zranges between about 6-9 cm.

4. The combination of claim 1, wherein the tubular sheath has an
inner liner and a reinforcing coil that both extend the entire length, and at least
two sections of outer tubes in series having different durometers that create the

differing stiffnesses of the sheath.

5. The combination of claim 1, wherein the second stiffness is less

than the first stiffness.

6. The combination of claim 1, wherein the delivery catheter has a
catheter tube and the balloon is disposed on the end of a deflectable portion of
the catheter tube actuated by a deflection pull wire, the delivery catheter further

including a tubular valve pusher that slides over the catheter tube and moves



- 36 - 17. The conbination of claim 15, wherein the delivery

cat heter has a catheter tube and the balloon is disposed on the end of a
def | ect abve 2powdossip of the catheter tube actuated by a eefrluseaioomopul |

wire, the delivery catheter further including a tubular valve pusher that
slides over the catheter tube and noves longitudinally with respect to the
bal | oon, and the delivery catheter also has a proximal control handl e on
whi ch are nmounted both a deflection actuator for deflecting the deflectable
portion of the catheter tube and a pushgr actuator for |ongitudinally

di spl aci ng the val ve pusher mﬁth respé ‘to the ball oon. 18. The
conbi nation of claim 15, where |ivery catheter has a 5roximm
contr ol handleCﬁﬁ@“@ﬁ@V@ﬂ@§B§mﬁﬂﬁﬁ@TP@V”Bﬁmédﬁt@ﬂWPdegﬁﬁééh% fehdi ng from

wi thin the conpiRimddanstts haddé ortwHi@ast nRNBeRSH ¥ effR8bn Wibdbfot he handl e
for sealing around one of the tubes, such that novenment of the one tube is

never prevent edellsgtingge daflestable nogagn’ of the cathetef gubed a RSt ASEIONOBE cl ai m

15, wherein th&sﬂ@&h%ﬁé)&al@@b&ﬁ&ﬁ%tﬁ I@gﬂeg[c{@gleq)ap(g&lt ective sleeve that extends
over a mpjority of the valve pusher, d wherein the | oader seal is a

passi ve val ve such that novenent of the protective sleeve is never

prevented by the | Oﬂder g%ipﬁnbmatlon of 1T%,el%ﬁm& 'a?ﬁ\{eggc(fmete? |h§§ m 15,

wherein the balloon in a con guratlon I'S In a manner that
| eaves only | opgikinudicotol haidde drdniesludes a plurality of concentric tubes extending

from within the control handle, and at least one passive seal within the handle
for sealing around one of the tubes, such that movement of the one tube is never

prevented by the passive seal.

8. The combination of claim 1, wherein the delivery catheter
includes a tubular valve pusher that slides over the catheter tube and moves
longitudinally with respect to the balloon, and a protective sleeve that extends
over a majority of the valve pusher, and a tubular loader defining a throughbore
that receives a distal portion of the delivery catheter and includes structure for
engaging mating structure on a proximal end of the introducer housing, the
loader having a distal nose that extends through and opens the introducer valve
and facilitates passage therethrough of the balloon of the delivery catheter, the
loader having a proximal housing with a passive loader seal such that movement

of the protective sleeve is never prevented by the loader seal.

0. A medical introducer and heart valve delivery -catheter
combination, comprising;

a delivery catheter having a distal balloon of sufficient diameter

to expand a crimped heart valve thereon, the delivery catheter including

a marker band at a proximal end of the balloon, the delivery catheter

also including a tubular valve pusher that slides over the catheter and

moves longitudinally with respect to the balloon and has a distal marker

band; and
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an introducer having an elongated tubular sheath extending
distally from a proximal housing containing at least one introducer valve
for fluidly sealing around a proximal length of the delivery catheter, the
sheath having a throughbore for passage of the delivery catheter and a
marker dot array around its distal tip to distinguish the distal tip from the

marker bands of the balloon and the pusher.

10. The combination of claim 9, wherein the delivery catheter has a
catheter tube and the balloon is disposed on the end of a deflectable portion of
the catheter tube actuated by a deflection pull wire, and the delivery catheter
also has a proximal control handle on which are mounted both a deflection
actuator for deflecting the deflectable portion of the catheter tube and a pusher
actuator for longitudinally displacing the valve pusher with respect to the

balloon.

11. The combination of claim 10, wherein the delivery catheter
includes a plurality of concentric tubes extending from within the control
handle, and at least one passive seal within the handle for sealing around one of
the tubes, such that movement of the one tube is never prevented by the passive

seal.

12. The combination of claim 10, wherein the deflectable portion
comprises a braided structure and the deflection wire extends along its length up
to a distal coil to which the deflection wire attaches, the deflectable portion

having a dimension no greater than 8 French.

13. The combination of claim 9, wherein the delivery catheter
includes a tubular valve pusher that slides over the catheter tube and moves
longitudinally with respect to the balloon, and a protective sleeve that extends
over a majority of the valve pusher, and a tubular loader defining a throughbore

that receives a distal portion of the delivery catheter and includes structure for
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engaging mating structure on a proximal end of the introducer housing, the
loader having a distal nose that extends through and opens the introducer valve
and facilitates passage therethrough of the balloon of the delivery catheter, the
loader having a proximal housing with a passive loader seal such that movement

of the protective sleeve is never prevented by the loader seal.

14. The combination of claim 9, wherein the balloon in a deflated

configuration is folded in a manner that leaves only longitudinal fold lines.

15. A medical introducer and heart valve delivery -catheter
combination, comprising;

a delivery catheter having a distal balloon of sufficient diameter
to expand a crimped heart valve thereon;

an introducer having an elongated tubular sheath extending
distally from a proximal housing containing at least one introducer valve
for fluidly sealing around a proximal length of the delivery catheter; and

a tubular loader defining a throughbore that receives a distal
portion of the delivery catheter, and includes structure for engaging
mating structure on a proximal end of the introducer housing and a distal
nose that extends through and opens the introducer valve and facilitates
passage therethrough of the balloon of the delivery catheter, the loader
having a proximal housing with a loader seal for fluidly sealing around
the introducer sheath, and a single-handed vent for aspirating air from

within the loader.

16. The combination of claim 15, wherein the loader seal comprises
a resilient vent member connected to at least one lateral button that projects
through an aperture in the side of the proximal housing, wherein manipulation
of the lateral button causes deformation of the vent member, which in turn

opens a space within the proximal housing to the atmosphere.
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17. The combination of claim 15, wherein the delivery catheter has a
catheter tube and the balloon is disposed on the end of a deflectable portion of
the catheter tube actuated by a deflection pull wire, the delivery catheter further
including a tubular valve pusher that slides over the catheter tube and moves
longitudinally with respect to the balloon, and the delivery catheter also has a
proximal control handle on which are mounted both a deflection actuator for
deflecting the deflectable portion of the catheter tube and a pusher actuator for

longitudinally displacing the valve pusher with respect to the balloon.

18. The combination of claim 15, wherein the delivery catheter has a
proximal control handle and includes a plurality of concentric tubes extending
from within the control handle, and at least one passive seal within the handle
for sealing around one of the tubes, such that movement of the one tube is never

prevented by the passive seal.

19. The combination of claim 15, wherein the delivery catheter
includes a protective sleeve that extends over a majority of the valve pusher,
and wherein the loader seal is a passive valve such that movement of the

protective sleeve is never prevented by the loader seal.

20. The combination of claim 15, wherein the balloon in a deflated

configuration is folded in a manner that leaves only longitudinal fold lines.



