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. proweionalosssppl i cati on nunber 61/225,510 fil ed JulPgTA%201800870 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

wi t hout placing the patient on bypass, ihe | atter being ternmed "of f-punp.”
Background of the Invention T

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] Heart val ve repl acenment may be indicated when there is a narrow ng of
the native heart valve, commonly referred to as stenosis, or when the

nati ve vawvoeoligmisssor regurgitates, such as when the | eafirasgo@ne1970
calcified. Wen replacing the valve, the native valve may be excised and
replaced with either a biologic or a nechanical valve. Mechanical valves
require |lifelong anticoagul ant nedication to prevent blood clot formation,
and clicking of the valve often nay be heard through the chest. Biologic
tissue valves typically do not require such nmedication. Tissue valves may
be obtai ned from cadavers or nmay be portine or bovine, and are commonly
attached to cloth-covered synthetic rings and/or |eaflet support franes
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per cut aneous/ eagdessSidlear, @okdnkapicadly waith @l AcerBAa™ pEldesdisem. agcur at e

pl acenent of the prosthetic valve relative to the coronary ostia is
critical. Thougfictpionprloticnrccadia™oflelivey sysemt iy Providedr @) é& R om t he

delivery systempilidn 186 OUHRH €20 PC S BRALhiisy Verified by fluoroscopy, the
sel f-expanding stent may still junp once released. It is
[0006]Other prior art minimally-invasive heart valves 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. SVvORat1#n088Blo. 6, 425,916 to Garrison et al. descPChas2@owd7pi 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-stage. approach, the profile of the
delivery system can be reduced. Both the stent and a frane of the

repl acenent val ve nay be bal |l oon- or self-expandabl e. [ 0008] Sone
resear chers pr tewsee bfigpl dfftiuhp roosvhat ihe chéarftthessdny @sll be witheespat t i ¢

annul us througp @%Hﬁﬂtthu&%ku% I{qgcghmﬁgg i nstance, Christoph H Huber of
t he Brighan1ané’ nen” < F%splta gfgﬁarvard Medi cal School, and ot hers,
have proposed a pr d@e@tes. PaceutNc (6,485.9¢b fo-@psmdit alg dasativs asepiece S

inplanted at the.aortic, positi usi.ng .a direct-access transapi,cal

oo oaen (E. gasiddbtpnabaRt bR B3l fule Bl RS EE PRI b IRRREER v e
approach for opdtreptimporisal A/@entipbridyatilady pladedgcirosd wedasieants, thdn Am Col |
Cardi ol 2005; 46:;366- 70 .,The,C|InIC3%)§%%dIeS FﬁwHuber et al._ recomend

use of the protBHEFRISNRY® fiHPOsiiHngth e HEFHal e SSE A0S cPseet eaf | et s.

More recently, mBREQNS fphmtird e stBat@diheRUBkidGAtd QINivG, a 208DEH243200
di scl oses anot her transapical approach in which either a balloon- or
sel f - expandi ngSW& \ABPIvASH: B PIRple it deliypy syre® 3rdpdedsctehotithy or

decal ci fyi ng stenahd & riRk¥eme rPhebmbii VGt nAG SEBR100h- orRAIbxRAREMSES "
t echni ques though | ess invasive than conventional open heart surgery are

not called, "nini nel0PYBISoR@sIspascheraproppratimplaning Brondwiphqartayaley aised t o
refer to val veg,.dglVaheeds HﬁéL%goag%e??%fa?Qpﬁ%cﬁetf%f Snskihée, (g ups ful ature

(i.e., endovascularly). n view of drawbacks associated with
previ ously knoWnbared it Brughamf and Weptre Hagpital pleldarvard MedicahSelivolitandpen- hear t

e e AL 5t S LB LIl e e

i nvasi ve are newgaded at the aortic position using a direct-access transapical approach.
(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

prost het iwO@011&008858epl acenent) heart valve to a native wyalrxs2&i0t0e19% 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 containing 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 asghQEQkﬁgﬁghkgﬁomﬁth a second stiffness |ess
than the first stiffness and having a Ieng Desirably, the length / of
the distal section IPQHBB@ %@flvee@ﬁd%aﬁﬁtofzt elEreaerw iINvRNtERePTRYISO dieht , t he
length L of theg,pr &Bﬁ'vgg syS&fH @@rrﬁeh{/e?y 8t abl%@tﬁ&tlcz(‘ile CfEPla@é]ﬂenTt)%allt emgth / of the
di stal section ranges egmeen about” 6-9 he tubul ar sheath may
have an i nner Klﬁéﬂ“@ﬂ@h@f%éﬂﬂﬁ@?k@h@mwoﬂmﬂﬂﬁeﬁd%%{H”@%FbﬁﬂYﬁﬁﬁﬂentlre
length, and aliffAs! of W BENRNSaRlc Ok G WBESID SAIHCR RRpidtg di fferent
duroneters t hat create e diffiering stiffnesses of the sheath

[ 0012] Anot her H@ﬁé@h@dﬁﬁ@h@b@d herein is a medical introducer and heart

val ve delivery cat c ter having a
di stal ball oon of g@?fﬁ%ﬁ%ﬁ@haﬁ% <§BF§%8§h%gaﬁgﬂ%bk¥%[§g%g%?> %a | ve

t her eon. An i ntediducerthetenantroducei melsud¢shen dkulnga.ted yuhoétr h;heaeln etctaeqheg hrough has

an el ongat ed tHbuia sheath tendln § roma prOXI ou3|ng The
1St I‘OXl OU.SI CO-l’l d 1’11 least one l’lt oducer V% Y
proxi mal housi g cd easte ohe M e Val U|dly seal i ng

around a prOXIﬂmﬂhh&l@ﬁhmﬁﬁmihemﬂahiVﬁﬁyﬂmﬂhhﬁiemnmﬁhﬁsﬁ@ﬁ&ﬁhmﬂu&ther

i ncl ud t. With t stiff t endi th L of
2t 1 oast one hAM CtiEST Sgtitorcrh LeabiR oo AL Rl LB Rl Wt &

second stiffness dididtarseaiont WaAM at eodd §tBinest e mas shanet atiffeRghhd! . A
tubul ar | oader defines a throughbore that receives a distal portion of the

del i very cat hef®ng ¢ fraehfpdpeaiaily dbrelengthioh Jrestiptplcrettion spges e’ﬁ@‘@@‘i‘ ng mating
structure on a,prexiaah, aRSnOtmbEmbMl HOMEEIL HOMS bR AN edendis 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 swol2b11foesgsBer feature of the present applicati olrCirassaomddiocal

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
longitudinally with respect to the ballgpon and has a distal marker band. An
i ntroducer having an el ongated tubul ar sheath extending distally froma
proxi mal housi ng contains at |east one introducer valve for fluidly sealing
around a proxi dmlal hesaghady enfendshibrodel awkopene dtehietreducerTiudvel antlrfadiilees sheat h
has a throughbgre faor SS of, the iyery c eter and a marker dot
array around iP§$%$sfaﬁﬁPquggﬁﬁ%%?%éﬁ%% gvﬁgcqig”%l tip fromthe marker
bands of the ball odi0Eid fthie fypthshérature of thd Peiehf lappladar dkanceedidal h a stil |
further aspect, a.medical introducer and heart. val ve delivery. catheter

combi nat i on_colPPEEaE trat Vol N Ehahgier CappipiOPo g e H Y Upul ar

| oader t her ebetag®dt.having a dBlal vAlopn catdiedied dhagkted (éxphdl a ahpeddvarof
sufficient dianeter to expand a crinped heart valve thereon. T i nt roducer
has an eIongatggvﬁﬁﬁﬁ?%r ﬁéﬁ?ﬂﬁ%%?gﬁﬁﬁhﬁm %Pﬁ%ﬁvaﬂFSHWﬁlﬁ¥b%ﬂﬁﬁl housi ng
whi ch cont ai nsbhafooh.@a8h udder vibe gﬁu&anat\ﬁaivvﬂoﬁ%ifudﬁﬂau& ikl r&pa@k inge around a
proxi mal length of the delivery catheter. Finally, the tubul ar | oader

i ncl udes a t hr BilgAbGPE hanat diptal Bragkss banddi Smalntgdicet Baving 2 k&ongard very
catheter, strughlhesdh e%gag% 0GR iioRga BlokMed HORiMRNoftalk AXicARlongnd of the
i ntroducer housing, and a distal nose that extends through and opens the

i ntroducer val PEodycgE vilye &t thidlp sedimgerreidrepiokiviig fength ethde sliglivesbon of t he
del i very cat hetgfeier el iRAdREerahSfh RAS) PrdfxANER: 10USE BOmW deliv@, seal for
fluidly sealing around the i ntroducer sheath, and ‘a single-handed vent for
aspi rating ai rcdthatenanil phmakardet fropyceeund its distf] QP16 JdAt hgvatht the distabtiplel | ver y
catheter of thg present.anphd Gatd @odd hgﬁgam&ﬂcatheter tube having a

di stal balloon thereon of sufficient dianmeter to fully expand a crinped
heart val ve from w 0814In athedipat hibra il fditepegped, omeding ignglucer@nd of a

defl ectable poption,of (RS CRINSLEl ibE.ASHRLET DY R detlgeli on pull

wire. The deliveéry céiﬁefepl?ur%%er includes & tubufarValve pUs%er t hat
slides over thatodidetaad a wbelaahdderoti@sbdiwergi t Uithe ndelivery wathbter Bapect to t he
bal | oon. The d.Iiggré cat het.er %%so has a Eroxinal controi hﬁndle on which
are mounted bot'i2aCHEPE &ELHIGHCHCH AT ST OrBP et PUBRI YA HEVE P et abl e

porL i on of ]EheTgTatnlnﬁidﬁ&ergnalbeanaeldn@tdmﬁaiberar aﬁéalttafgﬁﬂéndiﬁ)g ld@ﬁteﬂ]@I ﬁ@linn? the val ve
pusher. Preferably, the delivery catheter includes a plurality.

concentric tubB@mé%ﬂéﬁH?ﬂ%‘@? AR Wiiﬁg'@FhFWBﬂmﬁéﬁahéfgéﬁﬁmﬁX | east one
passive seal Widalihdabotil hanralieal li&frsemhé baianoed@NFinily the nibules w t hout
preventing its novenent. 1&%0016LAn0ther benefit of the present

appl i cation i sloadsielgrledss ¢ Hrrwhbeerthaingeiewsrs dipyl partiga) fvide ebvihet er

conbi nation thaihGQMRISRS (8 GfJabMer Hafidt ifkGFe DAV p@xﬁlm&l@eif%etub_e W th
a distal balloon thereon of suffrcrent dianeter to fully expand a crinped
heart val ve frWodicehihausingn dndt dépthd eloshakat vteaflo tyataddanduppinarthg heat h

ext endi ng di st j I 1 I t1.]: t one

i nt roducer valggk%g%fgﬁﬁ?f 99%2‘|%%ggﬂﬁﬁﬁﬁﬁwghg??ﬁ?ﬂ%ﬁhﬁiﬂgfﬁho t he

del i very cat hetasheterA The beaderraljodras e pradahilessieg wih o sefh borflwidlhatalingcei ves a
di st a! porti .Onalgilncf ﬁﬁg iﬂ?dd'tl&?rs){ea%taﬁg E%anle%ga(Ed%d"\?elﬁly go%sasﬁﬁa!gﬂg LI onﬁ or
engagi ng mating structure on a proxi mal “end o e I ntroduter housing and a
di stal nose t haithiexbelna®r.t hr ough and opens the introducer valve and
facilitates passag rethrough . of the bhalloon of the delivery catheter.
The | oader has s prigeiiarenb i uSrmitnt R 408 o sl MU Sh RS Seat ng
around the i ntaedbeer wbbdatihy aalixhldalodnglhercbianfl edfiviemt didrdterampuiat i ng ai r

fromwithin t heexplar?(? gec'\rrifnped 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 avpan11zne88spr oxi mal and di stal ends. A delivery earhsteo/osryed 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 Iines to contrasf with the ends of the heart valve
under echocardi ography. - 7 - [ 0018] A heart val ve delivery catheter
of the present application a delivery catheter having a catheter tube with
a distal ball ooha ti¢tfexeble poftimuff flheciagrter ditgrmetueted ty af deflkgtiopypphlvdret he cri nped

heart valve fr .t hin, .the.bal l.oqn, bei di osed on t end of a
hort eot Pon’t ubdre iyl Duunb PRl RAR g LS BROFE R TG 8L 8 1 on

conpri sing a brahaedtubt raudtmewes dookituli@aldie falidac tespet wh riee éxitlendi e al ong its
|l ength up to a.distal .co

il.to which the deflection . wire attache t he
ot oct abi & ottty bR Py Rl S BT R e P B Rt
[ 0019] A furt hen duMaens handom@r aéfldchity matadflectndpadymot dagesthatr iube present
invention are sef forth in the follow escription a | aj ,
particularly mﬁ%&a ﬁ%@VﬁEPEH?WﬁL &ﬁf@ﬁggfgﬁeﬂﬁ ﬁﬂﬂﬁ@bﬁggbﬁﬁg%G%ﬁb dr awi ngs
in which l'ike pakdi& ielades! 4 pRird1RY OF &REQNHETRBA SxtedBingefrolesREihpheé on of the

Dr awi ngs [ 0020] Feat ures and advant ages of the present invention wll
become appr eci St0¢9! hddienandas jeastigae Bvei vh eat withip Hfirdiadle & stiling 2f8rdr ence to

the specificat pir i @bd¥ByvitdRhraRReNdadmGahngs wherei 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

ventri cl ewof2otinessseart ; [ 0022] Fi gs. 2A-2B are cros®cIaskolonalo7vi 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 |nplan5|ng a prosthetic heart valve in
accordance wth the present invention; [0024] Fig. 4 is an expl oded
perspective view of an introducer/dllator conbi nation used in the port
access heart valveImﬂﬂHAnh@ﬂdMMV@KbhemwﬂE&©®rKﬁeh@qm®QMImﬂﬁvahmimn - 8 -

I[:i0825]4!:i g. 4A idalvgrr)]/ ‘gastl?e?fgb Laev(ijngwaeggth%{erttg e &lr OchsCtelr {)eﬂ olorellt RereSiP %PI nation of

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/qo8¥28] Fi g. 6B i s a | ongitudi nal secti onalPCTiuSeniof4tohe

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 herein; [0031]Fig. 7A is,an expl oded perspective view of a

| oader that provides an interface bet webh the introducer of Figs. 4-6 and
the balloon catheter of Fig. 7; [0032]Fig. 8 is a broken el evational view
of the ball oon cat H@0Z¥]Figf 4A gis an assembled view of the introducer/dilator

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 prwwioaloosssat r ol handle of Fig. 9; [ 0035] Fi @CTAB2019/08197@€N| 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 expl oded vi ew of th§; bal | oon catheter and introducer
(in section) conbination prior to coupltng 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 20miaosssacer ; [ 0039] Fi gs. 14B-14E are vi @as/uskomoloard7a 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 visualization of the valve during
implant; [0041]Fig. 16 is a radial secti’on of the fol ded bal | oon of Fig.
15; and [0042]Fig. 17 is a radial section of the balloon of Fig. 16

il lustrating aapmafi-groradtohyl dind dende dselli tos@gical 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 wbeoniwsdse nedi asti num and is enclosed in the periusarndiouryro 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 rightland | eft hal ves, and a constriction
subdi vi des each half of the organ into thio cavities, the upper cavity being
called the atrium the lower the ventricle. The heart therefore consists of
f our chanber s; ballven A2 ght dasted ehdepassedtaviiathe gmdewirgyhit analribirobgf the glanathr i ¢l es.

[ 0044] As seen i,n.Fig. 1, the left ventricular,ap LVA is directed
Gownar 4, T orvdrdh Mg Pty Benaren ke arElise Vel ar BB R i ent)
The apex typi cabéryd kip ésotBdwm)dndyhiirst bef inkerleé overi thd gwidositeatlo eapageahé or bet ween

the fourth and f.ifth), 8.t0.9 c ro e md-sternal |ine d about 4 cm
b o and 2 maititt pieear o eGP Rl B sl O Done 1o
the | eft ventr o€h®rdrpyrstBeingf @reed a4 ah tde nschet ir eglefiareniduei cpst al

i nci sion 20 as sho in dashed | j.ne ositionﬁgﬁover,the fifth left

intercostal spStEUIERE A RUKHESE dac hﬂl@e OFIER Tepivepre-implipled pyor to

"'m ni -t hor acot eynationad¥ehd igmidBpuntSR). fin b PrefdtredicaBbAiRRET, Akis@RSonadehie heart
carried out using one or nore short tubes or "ports" - thus, the_ operations
are often ref ef fiEY lippolgursesging sy generphpiaadifpledicle in one diggie. ppd 5

preferred embogiciBRtesOf scbhid 1RE S8 Bikbe-stAHE Nich @ ger@raBY [ ORc1E BRlcANLS @
prosthetic heart valve over the existing native leaflets, which are

typical l'y cal ciof thedirstThisiebyiria agreppedigr@scind dos rews if bro peweviing
calcified |eaf l:i%lé@of@«!—:ﬁarété"]t?u&é-s?ﬁﬁg S8R0 AlBdink RSB withil Gl 9 @ rel ease
of calcific material I'nto the bl codstream aré not 1Insignificant.

Ther ef ore, a hpencturyglfgmerde phapesesitingruguesdifran theatforie s pallddgo cineh pr ost het i ¢

heart valve di fRGLhYicMEissBO oG bR bBRRLCY SarbGAT hE hinduSe P1ET €7 T 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 2priomssset i ¢ val ve within the aortic val ve. FiPg3/US20an7®B 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 ot herw se force]?part har dened 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 pl8fEMathl yelfaeiveened toskigy 33Expapdibké mehdskof such as a
dilatation bal lgon.catheter. . One exanple of pre-dilation of. a valve annul us
s ceon i n U S TBRpERI NP o SRR S R B oBhE M iR R 5508 ane
expressly inconpanapied dppronef eilemese bédesetied in more J&0id 7The devidhand | ust r at es

i ntroduction of ui.dewi re 30 through pr ef or. api cal puncture 32 in
the Lert vent r et WSSl erSh W men gy L T SudpBihe Belflitc ¢+ hr ough
t he native aor hdric vallvy,eanA\ds aa¢ch that e tpedidsior pibcaguratednainAAgs. Therli stal tip
34 may extend further over the aortic arch, as se%n i n E%g. 2B, but the

F OOA8Y”

m ni mum ext ens PEIFASPEEHIEEEC yHEe Wyginaiog §p grlogpooth out th EPlghe 2B

il lustrates anairitusQddcareshra3hbuIBBe hdts€mbRevdrNha thdyerobodufeicaisBbd t he api cal
puncture 32, with a balloon catheter 40 having a dilatation balloon 42 on
a distal end phgsiadaypepeipracdyii@ewivele 8t-dlbor hr ough the sheath. As is
known, prior to ins@oifpRuRimdhens PRIt pA&ed@e tidyalcOeroaNddss Arigtadual Iy
tapered tip (not shown) may first be inserted over the guidewire to enlarge
the apical punémgpralvgamplant ehEyusupPlsEIChOl P Viaus PN ontclatifgly 1@ sur geon
installs one ofiBiifn BHfSHichls!dr PRhsBEGLER vAfhed fe bl (YRS oRfr ke 1 eft
ventricul ar apex surrounding the puncture 32. These sutures 44 are

pre-inpl anted pP.i dPver dinfeppmesthictn hodrt vhlges havei kden guawn up eshow rreducpd ef er r ed
embodi ment, ¢ AUAGRANRL BGES rfull | Ske JleNBaOTorPYTRELBLOdnGUNESS
generally in a ¥irst circle in one dire t1on; and then places a second |ine
of purse-stri ngctsgenanams iggmellahdtic. i hlogvegérr @l port apaentpraceduro sudte af i r st
circle but in g0 0RARSll S ik S8R el S LS pd SO CRNGEAELE cf el es
of separate purse-string su Ut es Py ger H@ a]%erip ery Wt HUH Whi ch the
puncture is fobymmek aidés tharesae atord depirshbit Uorete 44ing gati¢rheridbefae. e pul | ed to
cinch the ventricular tissue around whatever @béect asseﬁ?thro%gh t he
puncture. In pBFEYIEUPEPUCY RGOS Eppimg JupliPetona’ AREothhtefed ar ound
bot h the gui dewilveowd aardisiimn progihia@rrvashaaphin38in dutistahdel h@rd-diRtisRPar at e

| i nes of purse-stringgﬁgtures 44 H&ﬁ&ﬁposite,directions hel ps prevent

tearing of theSEREYIEY AP 1SS PridegE¥abe - ror e uni f or m conpr essi on

about what ever el ongesRHri&paclisRISSES! thRIRe@hut hBeIPURGRdMEDe noted [ 0049] As
indicated in Fig. 2B, the dilatation balloon 42 expands radially outward

into contact wheh?PHCTRAdelEcESYHFE o dvRrereaaimerion Wil densdietat i on
concer ni ng t hegghzeddfil b6y RamhtrbCRha! wAqES Ul 3V atRé&orkih iEoAE bRAM 42 1S
chosen so that it expands outward and nom nally conpresses the aortic valve
| eaf | et s agai nSelivERSYSein My iginge easty pedeggadaficmineaxplaggtenh Hiestess means f or
assessing the size iithha 1tk G BliveRRtHeSBkicSnAlLdL 1 € val ve, including
ul t rasound, mh?%%f%ﬁpq no?ﬂﬁ% Jescr?ﬁeglﬁe(e$nP Suffice it to say that
fol | owi ng the val vul08plldke yrosthotiediere waden implafagen PRcediie desdribvé aortic
val ve | eafl ets;ar. re ' - t and a
substantially E?%@u@%fﬁﬁr@?@%g&féﬁﬂﬁﬂgigigﬁﬁﬁ}%ﬂngQEFQ?VQQ&gga?ging
pre-dil at ati onwaheht\tapase im e poasieeoif-psap phecfiioandhe medpply Dabypass U. S.
Patent No. 6. 998, 481 @ nOhbb! & racSAPERAR HOGAERRS AbeendiligiS e

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 twensapiss approach will now be described i n mpce/usetiaiok1970rhe
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 descri bed herein may be perforned

wi t hout valve pre-dilation. [OOSIﬂédrthernDre, the present procedure
may be perfornmed as a first tine valve inplant or to supplenent a previous
i mpl ant. A rel ati vel0)54]dhgeurpranpar tardvlogift fist sipésetht slonic phestsiret 4 ¢ heart
val ves are older,.typically older .than 6 er. tine rost hetic.heart

val ves have bedhiehitis 25 i klotBing e Peatiiisbd Eons PRI il o

Re- oper ati ng othes efitnpg@naiphdhadlegmnaktieve naloe 5@ genalid tison 52 pff Otdllenmt i C.

However, a port ce rocedyre such as disclosed herein eli.m pates
open: heart bur GURGoSE BERe Mt sSHah ARsUR neaai bFh detsShrf B ther ef or o
mor e desi r abl epfooddutdh@raagigh @f adsi 6AL3E, Migleadiidre carl be s@@heiaand sysmnent i on

contenpl ates transapi cal | npl antati on of rosthetic heart | ve over an
exi sting prost ﬂ@i”?l@g\(?g%\?gllgsn%ﬁtgn?ﬁw ISng%%Vgncﬁ%é’ﬁ?’aléooﬂfét- il %‘?‘?VS’H step is
typically not pegre&at\) (HAOUGtite the s&ROEeIAv 80 used in § PREE]aHeh Or to a

di scussi on of the(Procedure itself, it should be noted that a preferred
del i very syst eRiosfduinethpugh anintiofyeshtiicaih W et hye berasiapgrisé dhrpyehgheat er

detai |l bel ow Wdihyeh@fcBRENR pulcdite P2 wiftt thd helphE AWRIatok NYFsoRfeifd@alpt €SNt
delivery system may be nore easily understood after an explanation of the

steps taken torlfrilimeeininiogybetht the valve in the aortic annul us. _
[0053] The prost het i gokahd sUAl Yerst URhEMLAHSOM BLEGRANI&deSGRd prd her ei n

may be performed in conjunction wth cardiopul monary bypass, or without
bypass in a sodidaiohedocefifre prayplyr beewdrte seafilee mangrenddr ttigsfearoundphss depends
on a nunber of. pnel udi | g e ility to such
a procedure, aﬁ%ég%%ééFﬁtgﬁ%fﬂ% gaﬁgﬁgsgﬁkgg%ﬁgkggFP%%§%R§?%ﬁhge

i npl ant ati on pstoogsluvres 4%6arp ercfiopiapttd eribr gouomation dBthe initial pujcd@@&4AThe sur geon

or cardiologis%d%kr t sizes the §ortic yalve using a ph shcal i.zer, or

. : ¢ strgeon places a first ling€ of purse-striiig suturés gencrally jn a firs .
wi t h echocardi ograp y.]¥ﬁe % ysSician or perafl%g FGom Stat 1 t hen crinps an
expandabl e pr ositdietn onevdiraceolnanduvben plaes batdcomhlib? ofopurse-tidhd eamrecat het er 54
(sone of the elenents pres ntly descrhbﬁd can Ee seen in.th grocedure
drawi ngs of Fi G ™A BE i BBt P S e 4R 'S E-NM 47 PRESSYEIE dr awi ngs of
t hedFi gs. 4- 1?jnﬁe ehat is ;W(g%ﬁlﬂerﬁﬂélam&f bdpgra&qiumcs&i@ahdé\ﬁisan dsﬁﬂni@gfﬁrl a
guidewire 60 (that m ght be the sane guidewire 30 used in a pre-dilation
procedure), thPORGRYaN A YL Lr PUNRER g@“ﬁﬁdwdﬁﬁgd%é@ﬂf?ﬂ%@r@%d t hr ough
the left ventr gdhaer QX 7puncture 32 with the help of a dilator 74
(sonetines also referred to as an introducer)

[0056]Furthermore, the dilator 74 that exf)ands 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 roducewoghuawess30. I n the absence of the pre-dil ati orCprusc@dos®;ot 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 |ine of purse-string sutures generally in a circle concentric to the
first circle but in an opposite directign. The result is two concentric
circles of separate purse-string suturés ‘44 defining a periphery within

whi ch the puncture is fornmed, and which seal around the introducer sheath
70. [0056pﬁumtﬁ@rh®ré§mEhBHMHﬂﬂmdﬂb?dﬂ&hﬂﬂX@wpmndsfﬂh@himmem di anet er
of the punctur oyen,.he [ be jhs§rted prior to
or with the in Pgéh 8%“% edﬁ%lﬁﬁdmﬁ (%@re m%frf%‘he ]ﬂcv?e?zﬁéange bet ween
12 and 22 Fren@huzﬁmmeunmmmduﬁenmshﬂahanQQfGmﬂpymGESmtmemdmxtahngnd of an

i nt roducer thatdmnll g 8%?’ Intr hucer i ters of no
greater than 2% ff)P%‘FPc?Hnar fAd P?r8f)‘1°§2y’ ol e elfr‘m§$18gﬁ¥ eﬁrésrsrué

[0057] Fig. 3A &hﬁﬂﬁph@@ﬂjaﬂbdeﬁ@mﬂah@akM3%@uaa&&mngmumkﬂndhﬁm@ﬁgt
ventricle thro unct [E 32 and over th ui dewi re 60 t hat extends
upwar d throughagﬁgﬁéﬁﬁ'ﬂm?c d%@ﬁ?%1W%49@mﬂV‘gfﬁﬁﬂgﬂFﬁgﬂﬁnP%ﬁg?ﬁg a dista
tip 72 of the mafkléfs@ulctﬁée)&h@mrﬁsymmwﬁltbetc@s&lb@dbmwow side of the aortic
valve AV, as - 14 - seen in Fig At this point, it should be

under st ood by t hosel0838IEig; pB SP‘hWEt Pi‘é a&?""tnc?lﬁ%ﬁt Oﬂtﬁl?-? BdepR FRREITO% BT i nt r oducer

sheath 70 rel afe\gideQirt B8 a8@iHrbiEohMAd MfroMMer dRaielol @BnhRY, ROShiiPN of ot her
el ements of the system is nonitored using radi opaque markers and

f I uoroscopy, oFigusCnércoptreihetiondriirngpley 3¢ dmiocsise it dBe ppifsBadishageéal echo,
transthoracic G&lﬁygen lh'atr{aﬂV@%SMk qLartdlst rﬁéogpdalédfﬁﬂkt?ﬁes( tefhon AT h@n

injectable dye that iIs radi opaque. A spécific conbination of such markers
for the exenplamyd@ysﬂ@mhﬁpﬁbﬂb@Id@@@MW@@dm@@bmuﬂﬁg3Bt0m©@@8?$®gn 3B shows
t he advancenen b t i dew and

t hrough the i n%rlrﬂg{%l%l}é%(r?ve (ﬁ% ﬁ;’ﬂ.?g'f’atd&%%@fe }(é}y%{ag bgz)é(%}ﬂ?(% 3\5—\4 %18‘ dg%} t he
prosthetic heanp7Qaﬁwbe5ﬂnﬂsaioh@MBdoamrmheaamnﬁﬂyd@mnmhugsawdﬁbetmeen t he

native aortic | t 3 | lustrates retraction of the
i ntroducer shea.%w?g)i?éﬂyg?%mﬁg?%pIﬁ?Mard position in Fig. 3B to permt

bal I oon infl ati on/ viab¥AgxpamsipeiseRaditopiag e thaptosthsticrhgarealyr i ded on

the distal ti 72.0f th 70 .t t el det j
1S posi ti on ¢ BYGHY poRga by eG Hesb MR AR phgh Gt G fofint G0t €T e

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-2batossssa, for exanple at a m dpoi nt. DesirablPgT/ush@osurgeon can
adj ust the position of the valve 50 by actuating a steering or deflecting
mechanismw thin the balloon catheter 54, as wll|l 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 fromits proximal end and observing
specific markers on the valve (or ball&én cat heter) under fluoroscopy. One
of the coronary ostia 80 opening into one of the sinuses of the ascending
aorta i s showngompressechdetheofousikard |againstt the aartic winulusuinelers pandllatibat it is

i mportant not t%mafclude the two coronary ostia with the prosthetic val ve
50. It should 81°S0 be noted that al t hough the native leaflets of the aortic
val ve AV are shownlmﬂﬁann@thmﬁl@ep&&ﬂwaQMahewngaS@emubbmmﬂms@baced by the
bal | oon cat heter ally be - 15 -
compressed fur birapage b Sings Hor HebulbPE Ry WAt e er R R BreT o 1 ati on
procedure. of t[h@@ﬁ@]aﬁb(gltloﬁﬁg ahoysationsl @leaatihied we Reas 50\ Melobh) in its
contracted or gg e stateég Epg) around the balloon 52. Wen the
surgeon is sat Psfi4 Ha pd 358N d B P Do S LPREF FAS W@aSHWHlePb‘tfélfei BHXF 2YHS ent at i on

of the valve 5Qlvé A& dablboms sﬁr%edrﬁto%zsmmﬁe@uaﬁnﬁﬁ@a vialve B0Guct3iat iPr oper si ze
measur ement of the native aortic valve AV enables the surgeon to select an
opti nmum si zed RIS BHVEIROLSPAE cPRREEhE 2otiicvinus ntl e F3Bd ' €Bht act wi t h

the aortic annulduge ifiified QIRiet QG eGHe HaMHel RSsuful sl ete S@Ntact to
ensure that the prosthetic heart valve 50 does not mgrate after inplant.

Excessive expafisdivt sfigelerlipalipplantholuegesive daynseantigee sabve.ouidiveig ti ssue or
interfere wt hnfa?%alﬂggef &%@ﬁﬁtﬁxg% Qsu@d} ﬁﬁ(ﬁfé}e %@h V&S performanck @9 @dhsnpumrber  of

devices are available to assi in anchoring the prosthetic valve 50 into
the aortic annwdlws, such as barbs and the like. A preferred configuration

of prosthetic hea”[gﬁ@id)& %90 E%rf dé%f%%\p lI[e PR %?&tt 111%\.!1‘8%({1'?%’1%5603 ‘o

di scl osed in co-pen icatlon erlal
Hariton, fiIedp@&heﬂ8yﬂﬁﬂﬁ@1nmhh@hommsthSUHedm$Sém¢s@$éhm:mh@oﬂporated
her ei n by referenc

Anot her Ve | ve
7576078 1o Sponvey OPREFon R Guts AT BRECR' B B Pl
expressl y i ncoimpoit@hed Hselesed tmy co-ptetindes. mtemOlAlpﬁhi;atlbﬂnGSema]I Weo. 50 can
take a variety fer t f or e i ses. an_expandabl e
Stent porti on’ {AAIEAL BT Rua” Ry &, FraREF oot STRLRRE S aReraN has
suf fici ent radinabrpsitatedmgicin B}Orefb@éndethﬁotm&|v‘dﬁe&ﬁd1§dll@e(ﬂ reasSeqaént ot € and
resist recoil of e st noti c_valve Addi ti onal details regarding
preferred ball 63#’& B?eé (gt Jenee #028{) g‘é‘f‘lo“’b‘@f’ ‘Fc?tlﬁ‘?cFXPWSSﬁY S. Patent
Nos. 6, 730, 118@0@&&%@5@ reRQ¢Mie ! Of SRERS @fe \arvé QLA RE aWaHED ol €
expressly incorporated herein by reference. The preferred prosthetic heart

val ve 50 i ncl utiélsreabfeingi Byft eneradlyusomnrisss e qXP@ldati?e%e%mtwe thefich that it

nmay be anchor egipghbrtd RO rstrﬁ&uran rwlle UgenWWbb Ok had BBrMSR Rdiaib@chsh @5 ot her
ti ssue pl erci I’lg Structure. -
old the valve at the treatment 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 ngwohe11imBiseon cat heter 54 over the gui dewi re 60PCTHES20m0t080dUCeEr
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 antegrade, left ventricul ar apex,
“"transapical ," approach. Mre particularly, the m nithoracotomy approach
requires relatively short instrunments. Therefore, the portion of the

i ntroducer sheath 710062@nceetht enlds 59 it propdrly ibpthptedsasdesi mabigy3ihaheror e t han
about 8 inches_(20 c 0 d t | engt h, of the ball.gon catheter 54 that
may extend int %&%?93 Clﬁgrtl][alreégg%grgﬂos egﬁhango‘,%ﬁ@%‘ys, E ChE SRR SY SRyt h, i s
desirably no nbkkdinpale isblooi cadbtérridhesr thé uideyire Gfur THeeintrejueed sheatls on t he

relatively short .length qf th al 1 oon, cat.heter 54 and introducer sheath 70
WL be provi add RS RuPRer 3Rgeh SPCHRL R, dEPRuEPL IR ol ve

del i very syst emidgesaticbad fasli@isly descritle8 @romeihtheduigheand o¢d ot fiese @nat om cal
approaches, including thr ou?h%t carotid or subclavian arteries. The short
l ength of the BY¥t¥wt &S #E8{4B1 € because it enhances controllability and
steerability of theodéxtial ingRtanti®lcabintR th theaR@EFalSy &IREE sybthoh hel ps

i nprove accuracy and reduced tinme for valve positioning. [0064] The
del i very syst eficoPrepeie Hrvesiont isi RYERTMON edkwiied alor yihe otRgales lefh

i ntroducer 100ycdift@ibahle0onyaalapieiier agéjtoacﬁ.nd ablee PARRL1aER U hiniand
operating structures, including a [ oader 140 between the i ntroducer and

bal | oon cat het BYrageloBg espPragClFiresuirgs reffvelynshogdinsieymergo ildeiefoargshe at ed in
Figs. 4-6, whil&qther BRlihQeRcGaLBRE Oh B 3RS RRIRE bddPisedeSirsbiPHH | N Fi gs.
7-12. 1t should be noted that the delivery systemis sinmlar to another
syst em used t ompertbut deolioklesi(Fpirarong apt bs dnethiof thedatlpen eagietee 54 whi ch i s

di scl osed in cgQ- i . INe¥:) « - 31.to Taylor,
filed June 13, %83@9 eg%gyé@f)rtg(ggsq%@h?%ggﬂ#égglr Z(%gg "%GF e%g&gnfolrg’g@ l(Jaf’r (Jal?]ce. The
present syst emdesirdify -nodinpeghan nbrous 8¢ encdes &slpet. s Firter npdedics tonntbe e sui t abl e
for a transapical. port-access,. O i rect-access . Qac al.t hough sone
features are cﬁei%trlg%@ thori e[nét%60§]t eg%lg)grrllcéﬁrllet ié‘s%nﬁir%g(ggﬁc%ﬁ?éat%zé |W(ri)11¥J roducer
100 conpri ses bhereafdod drbnt i Ahedhat $dngth stheéhatpiosfitic gk edlve elehvery nt r oducer
housi ng 102 cont ai niing.a seri.es of valves. The expl oded views of Figs. 5A
hnd 5B sions. Al BHUR O B e hed Wr o A8 G PRIEEe HTRRG: 10 The
end cap 104 inglkldag throbiiangedrdtidpg @bdibard aferi¥git TR shbrt fenpiheofl thader 140,
as will be expl ained (}bfe'l Qw. The end cageslo4 thrﬁ,ads (gr ot her wi attaches

h S
to the housi ng™t2 &n S‘F@)ﬂ%?‘?@usteﬁére‘ét?aﬁ i GNPy PG TR R] tﬁ‘fo di stal ,
a cross-slit vakie cdd6reladivelits Kovadk wstdidS, wikcl RGBT imbi®e @Q6kady AHEk-bil |
val ve 112. These three valves function to provide a seal when no
i nstrument s pa&duseHitigisdAr YA RoptiPHBicer 100, and when several different
sizes of instrunmentgopast. tRELEYNERUAN. ofF Qhe e8I Sinvdnl6n VasufRIIpeal around
bot h the gui dew re.[goagnd t he bgl | oon c%t he% er 54 agvr?r er\lli Ol.SlS| y ihown. The
i ntroducer she&@mPripes axinEpdiser 18P ghe brdlope aathajrsdednd ajiprdant aeeplpirpdducer
housi ng 102 | ogat gt QuhGhde idARIROM6aNEIIE berwhbh de PIRLBLE G6h GiiRGR ment, the
i nt roducer sheaﬁ 78 poss.es’sles é%oextalerna? ﬁydropﬁﬁtﬁc (.?oaft;]cl1 ng and has a
| engt h of bet wesheteaioyeen2012 7c Mhegntrdduteri Y00 nniflustrateshid Higsr dpgvhilhe access
incision 20 (s ' | h i cl e {La ortic
annul us. F’%O%E?O&sé%hgtee'ﬁ%%%gg lﬁrﬁllﬂg&é)s%{ggﬁ%%ndinﬂgﬁ '(tj/ h%fi%{g?%%(ﬁggr sheat h
70 attaches tontthé thaushenglell@Ry viyaiem Sealimily extawgicornsydi2® tubkalt wates with
a distal nipple 124 extending from.t he housing 102.. Preferabl.y adhesive is
ised et veen t RECBFEFAPHE L aBEAIE REIPE, i B FEATHD over “Ehe
sheath 70 and peudplgels.St Pathr Radicampn TG J000VDEHEA1 e Tahler, fdes Tung 1302 | ust

proximal to th ipple 124, In this . the yarious _ conmponents can be
mnu act ur ed ( 290t BB [P RoPaitonr i Ritiedy wldinit o BREMEAL " Coupl ed
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 - NMO-20t10088Buse 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 d1i7stal tip extends into the left
ventricul ar apex can be easily seen. ' [0069]Figs. 6B and 6C illustrate
an advant ageous construction in which the sheath 70 has greater flexibility
al ong a di st al diglest inosevérhlasspedtotigit anale ok imved sigigbleifona (Speapidal, gmitt y, t he
Sheat h 70 inCl gc%gsss OaI‘ IIiestt—a%!)eSSgCtI‘(i) Og }tﬁé lﬂas\éIIIlQ aurflzsea?egctoh II/l(gnhat iS for e
flexible than a proxinmal section <y erern e free I'ength of the sheath
70 is L (extendi ng (0068t eert hr Eded anditd Al 269 intfeidgeer AQ0 Sloompsisdshge | Nt er nal

construction of,.the sheagth 70, i ch includes an .inner tubul ar .Jiner 136, a
rei nforcing coffrefsptio gdgg'tagIShggtﬂ e{q &Qulflffgéo 148 4 %fl%éerpg?)%f%llb%xt erior
tube 139. The bdinkefind 36erkRdf ¢aids. 1B explddeadictief figeess A aagiBshbwetin t he sheat h
70, while the exteri t ubes 138, 139 abut |n serjes. The stiffness of the
proxi mal exterF Cf’tpug@4 ﬂ%*@&‘f’% ]f@é"siﬂ]‘ea‘é‘Fr? @F%h?‘@?ngt]rp;n gh%ten‘ifalf HQfdi st al
exterior tube 3RdéOap@vidaipphe1dh fdremhi@ HiExhdilddded €50, Al whovgh two

di screte sections each wth constant stiffness are shown, the flexibility
may be varied PPHBdPANanhosdd sar 1 PoRecadseipthipyise gitashesdp e howsipd sini | ar

results. i @OL rBinP fiYdi i GerRs MM rbdifxi Blagidi 5Edds-Fie i onmel 34,
novenent of the heart nuscle surroundi ng the introducer sheath 70 (such as

in the positiondsk vEivg 108p) spacerdde; kdillwalre |i@ssThepathig w2t he heart
tissue. That i fnclidtoRrRidkrd 88 HAGS M iBmksts Phsk MrBudGil [ni8aleafdo, W th the

left ventricle continually contracting and relaxing, which creates a
si gni fi cant ansuhwhesfseydra slifésrém sizesdd eestrumonte pass therePapyaht Honeratiple, di st al end

of the introduggr, {Q kL &%ouRl be&’1 &%%B%w}r@%bpa%d EAUGROAAIRAE, 59 oL he heart
g ni pu

wal | . Moreover, the surgeon often ates the catheter or introducer
for better i npbamibugy slevaccdssntradoca shestlt F) extaids frfte thedlodpivdssetayitlcause

PR AT TR 1 i e e PR
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 Wochsi/sssaay be used, which reduces the heart wariUSaooouw©N

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 nUﬁger of tube form ng techni ques, such
as extrusion. [0072] I n one enbodinent, the free length L of the sheath
70 is between about 20-24 cm while the distal section 134 has a length /
of between abomxmﬂm@nwdmdn0n90¢wﬂwrﬂdmsthnsghﬂedgmhlQﬁmwbﬁeﬂp&EﬂQQably t he

distal section 134.has a |en about 6-9 cm and nost
preferably abouenik%vwe%%wﬁ Q&e ﬁﬁpn q£a?§ﬂaﬂ3 P@?gﬁt to permt the

fl oppy portion of tﬂﬁ%saﬁlgat(h\ 6?10 show éxcthendbtals olfﬁ&shtrcéﬂucem 10htiocltdieg hear t

ext eri or tubest st Gau Pl B Grkfor eb it BRI bod ar el i ng,

while the coil nﬁﬁ&ngssnmcﬁdatel the dionacdiarillowdtat froande datal ap 72Sotdwe | i ner 136
and exterior t mer sol under the

e oc
t radenane PEB Pﬂ%ﬁiﬁh%ggﬂﬁmf§#m9§”§? eHFéé@ntf@ | PR EBrmrer ci a

PEBAX pO|yﬁEFSe@Qﬁ§mﬁt of pol yether bl ocks separated by pol yam de bl ocks.

The pol yet her bl ocks naﬁ be based upon pol yet hyl ene gl ycal, polypropylene
gl ycol, or pol yt et ri e Higs feand e lugrajcyn advanacege %Wé‘@né{‘r\é highe yal [y

based upon nyl gR-sfdatbws hd¥BYeaRe roasEE, Me@a @lxdaps%u&l @fn O¥ALNpBxihaPr even a
copol ymer such as nyl on-6/nylon-11. The ymers range in hardness as

measured in dufssHet eYpetifigystig seeai Eoingly esradh%al pFgion ddrthaving ajersth nal
exterior tube 133, &%re%‘i[b?@&l%{apr%&ﬁ&{a‘?&e%ﬁ%rﬁ hﬁsglwﬁla%mfihéﬁ@é lefpth §FhOT tube

138. A sel ection of PEBAX conpositions an respective physi cal

properties ar eshpabvidedLdextiéngvibsei the, threwdedpeibaRoc offg. i600° gwmtsi tbell ar under

the lTink, ~ NEdiln?ear'rllal 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 gwoem1zlos’s3shows an advant ageous vi sual i zati on ®¢IUSamon197he
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 int ﬁlrrel ated conponents conmenci ng on a
proximal end with a luer fitting 142 and ternminating at a distal end in a
soft tip 144. The balloon catheter 54, also shown in plan, sectional, and
expl oded vi ewsopeamatigdsld &amlatvohmtﬂa'&bslim, ootht molimatgppmess Ohivhvis ng t he

uor frLt NG L8RPk, LNIGhLen SRIDEELOR. 10R o ARICRH B Act uator
154, and a pus er cact dator 1 pusher E&°Exerds Tr O the handl e

150 around a badetlpwmclﬂeédlue&stth@healrw\bﬁl mﬁﬁeﬂfﬁmmtmglghhlﬁ: Bogpanikadlead bal | oon 52

| ocated just proxjnmal to th tip 144. Fig. 7 illustrates a ball oon
sheath 161 COV&‘F'S eg‘?’}%l A e&&ﬁ’eﬁ‘iﬂm ch protects the balloon during

shi pping and i s ren@UEYTRS lit 186 pteskleOf sthb@h syt QfifacAmr@lgbR@athedle St at i onary
protective sle Vl% 162 al so._extends fromthe hang (cal 150 oa/&rﬁ a, gﬁ,jfority of
the pusher bod{2lPSE cafheier EilhRearvaempgy; Rgss withqus fmdgincs. gad PigicPRdn’ cat het er
54 al ong much giovidtshdopnatath e l@rde fsirddthe 36 WRed kifkeleS PEftshveh i n Fig. 7A
wi |l be described in nore detail bel ow and provides a coup Ilnghbetween t he
bal | oon cat het é¢ 5 B Erbfipdedy Beoe Adurier 9é duientorgigcleshniqyps, suc [ 0076] As

mentioned, the.prRSgNt application di scl oses an advant ageous vi sualization

systemfor the distal tip 72 of the introducer sheath 70. Specifically, at
| east one marker bal@8724n qnew@bpdwp@wf@ﬁlm@ brbherhgathe s Getvepe bal | oon

52, and al s ofg 8454 h, GAfk Bl g LUBR95L RAAY 1ch8R / oT G wEK] Poupr oxi ity of

the distal end of e pusher y 158 an e proxi e bal | oon
52 can t her ef ore abé osalsilfl thie freelengtb If. adotei preft@bly hisd dlstelmgagmrﬂéﬁmas in

addition, the [ arra rker. dots t th dis 72 of the
i ntroducer shegfl%tﬁ%ﬁ%eit‘g%efll%o% Fasihd %Sﬁwe%ﬁag?n%ﬂp}% Clﬁaﬁges {he bal I oon
- 21 - cat het eghodth wﬁfﬁdﬁ@twpé}ﬁﬁt e dypoforti@nsr iekrsth ’nﬁtoseﬁ@aqn ensure
that the introducer has been retracted far enough at the tine of valve

posi ti oni ng an¥2BATLBE tBsheHsTadh.

[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 will be

expl ai nedwOAs11908853i n Fi g. 7A, the | oader 140 has a genecalusgomwuipsrar 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 14% to a nipple on the proximl end cap
104 of the introducer 100. The | oader A0 facilitates introduction of the
bal | oon catheter 54 into the introducer 100. As described above, the

i ntroducer houdpplgrali@B."c dHBXB it hecgericdgragémars| of e5rkdif$ Incl 90Parks12 t hat in
aggregate provide an. ive fluid seal in egress of bl ood through

t he introducerhTﬂﬁhﬁﬂﬁﬁﬁgq%?(g%%Sgwangﬁggﬁgéub Adifferent si zed nedi ca

i npl emrents. The di s08T4]hi@seD hkd shdwd freadvaddeioud difuadixdt@ndsgstethfaugd t he

i ntroducer housing.1 d .t hrough, t he al ves 106, .110 12 (see Fig.
148 *FoC ol d_t RsPbdn B mreOraand e B o F RS or iion YR SRS et ches
the size of theeldw@nipoR dahee séthraded@iorsbedt nd7a.cldancdnihas twamrket he

sonmewhat irregul ar contour f the balloon catheter 54 having a prosthetic
val ve 50 crinpgﬂﬁéPﬁﬁﬁﬁgP% e%ﬁ%%ﬂ&ﬁt%@rﬁﬁﬁsQﬁ%ﬁTﬂﬁ§bﬁhss into the

introducer sheath 7[@075]Fig. 7 illRa8k An lpeagesive @@ balkeeRa@XR 8deshitn Fig. 7A
positioned within a proxi mal housing 178 conprises a pair of annul ar
washers 180 an€PiaPrisesit f€febly ehtnt &k copppnenis CURRHICING 9B {Proyima e
protective sl egypyilif2 1RABREAS (HNLRLGIMLARL 02dRM1 ddDin 20H phR4! qader seal
prevents fluid fromescapi ng around the sleeve. The vent nenber 182

i ncludes a pai Pallopn caibeieratd. Blae sl ingian; rretionsl.ind explodndoigs iagésst ures in
the side of the proxhimRbs BAMRIAIGaAdB 15 WM HEMESREQN 125 ORRIGE both
buttons 184 causes deformation of the vent menber 182, which 1 n turn opens
the di stal spatélatgn ¢vinnectdid SE.oadidlectyodytuadp 134 anhe pesthaasphaer d56.Any - 22 -
air entrained | I i 1 h ) sily be
vented with ong%ﬁ§ﬂ§@9f§§g§%%#Egﬁhg@§%%%??§{?gﬁgwé&%%?ﬁaﬂ%%ggigﬁgenient and
al so hel ps avoi@) havagvbe txgnandatiesallpgniklotatef justyeotimal to theadoletiff t4m

unscrew ng a Vﬁf V? iﬁ'l?sPratEeé) a\l\f%ﬁ%dn s%e&tﬁqpp%&%%d %el% %E)(I)I’P QZ W\M'clhcq tlﬁcstst he
conventi onal arrangenent. reover, e |n1naP$ng e preV|ou§?? readed cap
arrangenent f othethaglbdreduring shippégi drdeintreinedld priok ho ke opas symem!| aader seal
means that nmovement of the protective sleeve 162 (apd delive t heter 54)
'S never pr eveHP By % g aies 1R ity FomoTe il 4t0 e
catheter 54 isodgaoupbeg dfrdeptdmer ba@Bdess ddiCoandamtitaediadrfhdet sfaieicer 100.
[0079] Prior to ball oon expansion as seen in Fig, 12, th oader 140 coupl es
over the distapﬂgyPéﬁFwﬁffﬁhgo%%PPﬁ%ﬁ%dﬁiﬁ@ggr gh?%%§b%§@LS WY, 7. The
di stal nose 17ferbges@Velid Fifl A WE bl AbSABUCRI mBOURIaNDHekAZ atNpolides a

cantil evered | oader fingers 176 mate with the fl anged njgg,e of the end cap
104 (Fig. 14A) Ouphee BeiPrebheatipn eitheas sandrtie apeyigpslesdibed intidugent r oducer
100. Sliding thg. entire balloon catheter 54 distally permts the irregular
contours of the distal extremty thereof to pass safely across the val ves
106, 110, 112 and i@PYIth@eniencddie ereset@prlivara divtieses ynadanag®us emai ns
coupl ed to theyjnttadicerachPOofund Esdingp Ve V# IniPladkudef QGEr®, and the
vent nenber 182 can be actuated as neede% to ensure no air remains in the
system PRBEBRITHhat leasticoa snagksmpamiewitlisbegfrovities] ¢rathk porximatehdtoér 54 wil |
now be describ ' S t 110S,: T t [ udes the
pr oxi mal contr%ﬁlﬁ%%§1ggéﬁﬁg%g(glgﬂ%&éfﬁ%%ggelggﬁggﬁgfﬂggtu gé&t at extend
distally to thprosiofity dfithe dididl endrof thvepusieimpilat 38 anfybd proemial efid efegtheoncentri c
t ubes of graduagl |l er size.,connect to of . end. into the handl e 150,
hs seen i o fi gtulipbr SRS oS 23URhtshde e fl B e b bl "BV g '
plurality of | ahktionnahd sirand @y bf asrkeo doontAian thddiswhrtipot® of ahponent s.

[ 0081] The handl e 150 i ncludes a nunber of contro onponents and i s shown
in section in &W@&u T $hgthe F%H@ﬁC?ﬁmﬁfdem»%6AWH%qug%im§ﬁﬁbﬁﬁP8%||y, t he
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 2omtaosssacer sheath 70 and t he pusher body 158CTRiseato®urvoe e, 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 ti%1144 (see Fig. 12). The inner tube
194 provides a channel for passage of d@'guidewire, such as shown at 60 in
Fig. 3D. The luer fitting 142 also may provide an entry point for injection
of radiographignmmmtﬁhstlﬁ@dmaniwhéugﬁﬁuhélwhmeheBmBQXQQﬂumthdheis usefu
to check for al.v fler t ost hetd ¢ val ve is inplanted.
[0082] Still wi “ﬁm%fe regeésﬁ%eém t“é“‘fi';eg far %‘OE%" SATEEh Partiedrgpnies arr‘r‘Pg a
bal | oon i nfl at bdkoh tlyend&6 (second snallest) surrounds the inner tube 194,
extending fromthe Y; t 192 in.a distal direction. an er m tlng Wi t hin
The bal I'qon 85 As WebAPter A tdhya diShiontin BB S Ral & FullBlch 00

| ongi t udi nal b§4emhﬂﬁhﬂ@m&whﬁm@&mmﬂu&iabopﬂﬂhdmmmﬁhaQV&Eaébﬂghmxrecelves
the balloon inflation tube 196, a mal | er t hat sealingly
recei ves the i AP fpkig1 18?H8M§ﬁé%égwbé§§ﬁﬁgh1%&H?ﬁg‘%b?ﬂ%@mbﬁlIoon
inflation conngghay etdafly wpeieu BRS¢ AL @ar Wstbidan SRageoditsighe of the

i nner tube 194 that ogpens to the lunmen of the balloon inflation tube 196.

Wth this conf ﬁl&\ﬁpafliﬁ%ly tmouglathenie@@t%vaﬂ‘ﬁfd%h]é bl BenniipfisatBon

connector 152 pRSISRel B6R and iddiRelaSpdiher laaRGEh c@ﬁtﬂ&%@edbﬁh%e@soﬁ% nflation
tube 196 until it exits fromthe open distal end 198 thereof, within the

bal | oon 52 (ase¥ewhng lpngiyinaily)withguernalynbcing | MRl rdgese ks sgoring (oot shown)
may be provi deg,if uhg, PalphRAA th%ﬂo%ﬁa@@n&&a&a%&%ﬁt@llmuw%beﬁﬁéh of the

bal | oon 52 for even inflation, and in particular ports proxinal and di stal
to the prost hetoaderHdA facilitatbviatradictiprobibn bflicon ghtheter feiny tbx puredudsot h ends of

the val ve at tE@th%@EdeE&fbgd Qe L el 9?00n;21?%uPﬁ%t1%9%oLﬁ nls%iéégfﬂl(ig Wpe 196

ext ends t hroug I"Urren: of' i'on tube third
smal | est) whi chalhaslOg, bﬂbﬂﬂﬁmmnemdgaﬂwhopewdeanzﬂhahbyhai&mlhammzoo fixed

within a CaVItX of Hhﬁo dIe 1§%ImHQ$F ah&pon def | ectlonz%ube 160 has a

particul ar const'ric |on %m%? exi ng Héﬁghﬁﬁm?we %ﬁ?ﬁ i°t hout

ki nki ng, and h&ﬁkmndm&hﬁnmamﬂan¢m3Mmm tTm:dhhleo@ﬁrhhcmﬂﬂﬂbymrﬂMQ bal | oon
dell cotion L ube. 2P, Gesli AP R RIRR 3 5B, PEMA L Pl oot
defl ection w r e12Q2e Fhati4axtendsd thdsr@mpélhancppmidﬁad srﬂ(ﬁﬁﬂh iferhilcumon | .

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 28pawsgsscal |y, the deflection wire 202 passe®Crhusougiosmmo
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 frgglits 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 proxinmal direction. The deflection wire 202 in turn

att aches t o oneir sitcenedfin theeblowi Witlan the Idadst bddyt §78 c2d thuefeadilyéve byahtbdon

defl ection tUb%itl]TGO hgr?cfi Tﬂl !)rile%nggd gshclaravgnri% bto ur%or%efol \%:ntlesn Ell’h] ad(i) stal tip,
as seen in Figs. PABENG ) course by rotalng(iﬁe entire ball oon

cat heter 54 abbelps htad anddserteche ndetfip@odnt g tse gerental2d Fomaynsbewsteeer ed i n any
direction. The coil provides both flexibility and.resilienc uch that

el ease of tendiith BR Phaclers SLTPEIE fRernd BB 1 Gh&OmenT e | ng
segnent 212 t oafigioeihént! MdedStr, alighittiny the pfegiou®threaded cap ar@f&njehifer
construction of the deflection tybe 160 enabl es a size reduction _fromprior
desi gns that ubgiiitset ‘ﬁ%tbﬁeasw@ @F?@SSW& CRAES Al Bpans et vy 6f and

bal I oon 52. I niengoeiiedicsrNis2 fahe ddslchecdncan suyhencl&Opbasiea i Bensi on no
greater than 8 French. The braided proximal portion provides flexibility
and col umm st r BagRI2VGhiD Ehit pray. dneerrenicithe eiiiiired it Heroudled 8emiBh only at

t he distal endjydh840hst MlachedPnilidcdidbh ng the coil structure desirably has
a length of about 4 cm This construction also facilitates manufacture, as
the brai ded proxi nel0072Ppg o bablpen grpagpian @disperwint Higat Lakndaadgefifecti on wire
202 are easi |y 0ad kAt h O MY bOflochtinbik 4. as scen in [ROFSIRBE second

| argest tube is the pusher body 158, which is tubular unti|” an outwardly
flared sl eeve 236l oesei 174 idiastsahtoethd iftselacdrihgysing 1ghdnd e, cantigverd mal end of
t he pusher bod - i r - u s wth an
internally thr}e{)géezgmg%frs e})f@?h a%qg]?t} %lgrfﬁggegq@z{(?gfz@e éé%%atprﬁ)tl‘lélﬁ%sm@ and 10B.
One or nore pa%b¢ valoOn catimgersdad huP@Biplsid tdiba intvdudrod €0. oSlidingaghs bntder cap 224
permt relativ ve t of ..t sl.ider nenber over t | 1 oon defl ection
Pube 160" v | e BB FE g a5 sRishihe IRIGE e MUPbuU Gl KBS fSor v o
0- rings 226 sdeudwof echpan seelpulcass ol wives 1Q&. 190, 112ydndnihtowds herod@28 t o hel p
even out the fqgrces on _each of the Q-rin and therefore enhance the

qual ity of t e 1o L Paid Al RRErnST P B o des aeesgh ¢ bl Eahe

Transl ati on of viiheinglldnd procddute, ambithatéraakathes 1 82dan be afur@fasalcang @

correspondi ng IongitudinaL slot in the handle 150 thus displaces the pusher
body 158 rel at PFESTY FHEMHAHH R $88™ 0 t he bal | oon defl ection tube 160.

Previ ous devices i ngbsujer sepas abapdiandlogsheandlobheasea! 54l ghvpee posi ti oned
within a threaded cap that required tightening. The passive nature of the

0-ring seal el fsFnRadetith FspgohuR Wigd@d2t i dKt@hrisy Sopedludes dhe BRY™ so avoi ds

any m sal i gnnepdn@f hddd® feslita Palal€ FQoRRAEGIC RGBS P BaGhd dighly Radyer t ent
movenent of the balloon deflection tube 160. [ 0087] Mbr'eover, the
desi gn of the pahtp é44 50 theeraniplay enbediecniaHukernspuiatibenologradusly t wo

primary novene : I : - f.l.ecti t distal tip
and | i near mvg{lnéﬁt?gléé E?ﬁg&[g(lﬁgﬁ%g&gggtgkl%t}aﬁéeelsﬁ%rﬁ?@ 1}11%\8@ gtr)%'f Ig?%bl y
i ncl udes er gonbaide F5i0bigclpds ton meldedihrbess Jiaddiag ageursbierefiipndFiveplls 8nd whi ch,

coupled with ricmiegrgo50tﬁgah§t!hgg§{0u}§(§n&§1§£t§.t in noving the pusher body 158

al ong 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 iWOBDD/008853t he sl eeve 162 affixes into a steppe@Charseoiofo4®@7housi 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.
Sal i ne or other such fluid may thus be T'nfused in through the stopcock 190
to travel down and flush the concentric space between the pusher body 158
and the stati oslaleycqnotsdetgivéingl ieewaetGd the pusher bp@ 83, Fidyopetation ®f an

el evational vi eWt(%)f ot h§9(5il Se}‘n%lts 1n 1C11s10r}c otf(r}? 1cPs urh %ag hel Ef)retWSA'n StHgWI ng the
bal | oon 52 deffatad S proxi el space F Smithe pusher sl eeve 220,
while Fig. 12 ﬁhﬂdﬁmthemﬂﬁﬁmaﬂmemdﬂmfUkhdSBaFmﬂﬂnnmalmﬁqen19@ammeh t he
bal | oon 52 infl ated asses..t hrough the

bal | oon 52 anaPRsi s 85 e dRaeh 3 BVl (st EaBRRdER e hehe

af or enent i onednsofitting i1 2 déan ahbled @ﬁsﬁﬁgetleaam;t;été ttfe&ﬁlld)drilaﬂﬁﬁ)nlcﬁﬁﬂe@@ud i on of

t he bal | oon cat het 54 and uces trauna round ssue,. This is
particularly ii%%rgﬁﬂwaHm?ﬂéfgwgﬁg?}gﬁnﬁﬁb r%?“?%gqﬁ?%@%hpflnventlon
where the cat hekall6t @ittick B# faReke Afer filthgl mttmvs@ght tht alseal aovdlip nawvel s

t hrough the aortlc val ve into the ascending aorta. As was seen in Fig. 3D,
the distal tip®sftighk?)cabhidpertubralpddkvited aChnefBURAT e OEheU I Yilfe aorti ¢

arch, and the ghtss thdnld40tihES. Pb YOS, ﬁwa YEL 108 ﬁ{wc@%@ﬁ hto the
surroundlng vascul ar tissue, Fig. 13 also |I ustrates he open stal end

of the inner tDbYat PomjesHan gbfadiograghis £antrast Badiamvibeugh thy inger tabegtﬂ"dew re 62
may be passed ghflntideReA 9RLeRt ﬁer&%%l%ﬁ?éakﬁ%ﬂér“ﬂﬁb YR Waivegt ed to test

val ve sufficiency after inplant. 91] The bal I'oon 52 includes a
first cone porim@mt@40, a main cyllndrlcal portion 242, and a second cone

portion 244. The pr[‘ﬁ@é@ﬁ#ﬂ GifhE Plidrent tXSF? ﬁ?'arnﬁbl'n %a(ftrdu'ngsFlgrQUQd the main

cylindrical portion even cy expansi such®as shown in
phantomin FlngE@n1ﬁ%ﬂmbamb®dﬂ65ﬂm@ahmbdk&06nndmm$thqhmmrtdmdﬂﬂs rated at

s DuLst PressuLay i AT, BBl e SUTRY SRR RE RS, 1o
dependi ng on t hdlosh 5. s srehemhﬁgrﬁ, tha e rtS D 2khedlndgs iamqodpped Eﬂgltudlnal
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
crinped owenotimesssal | oon 52. The heart val ve 50 has a sikrortuseoloengrh 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 ty,ifold and then wapping the | eaves
of the trifold around the balloon catheter axis. Folding techniques like
this often | eave winkles or ripples even if done carefully. Such

i rregul ariti esbshowlang0dfixetwwardrogradphyhandiei 1I6R. daa billvoe delgcgomi t h

preci se |ocati f..the proxinmal and distal ends @f .t he val.ve 50 relative
Po the i mpt ant 0t 60 15 & BT OB e BIRsfbThE SFRES BobRtR s MM he ot her
hand i s f ol dedwithowa kinkingesndtaat defebtebisdistil tipotMedeipaiticalgg, the badigoh ar i ti es

that show up o chocar di a . thys enhanci t he. apil | to properly
| ocate the. heaft USSR nbPR NS GBTubnE gk’ 16°7
radi al sect i onkiakinghecdildudedreakt 0ol op fdridgtleclidbn, aamd dsivisn fawr02 eaves 250

of the balloon 52 folding in a .clockwi se manner around the i nner tubes 194,
196, though of&@bﬁ?§@3%ﬂ%lﬁﬂygﬁF?ﬁﬂhfﬂg?cgﬁe | eaves are wrapped is not

critical. Fig. 17 ifobggtRatiesctihie witanesa2bRcpuéos plug f0al gkdagen The | eaves
250 extend longitudinally along the balloon 52 and conprise even

ci rcunf er ent i aP™o3ihhsnGACedRN Bya3 1A 0 smt sliles dopeipdinalyeyidin thshagdle t he radi al

di nensi on of eagh JRaticdBOihe PG liES Wt DONDPINRRREELhSIn PEhUE 6F d findsk 9. 16 i's
mnim zed for that size of balloon, and ensuring even circunferential
wr appi ng r at es20&authe sail Y6, yhighrapeiwais shaHedhamthe peeiPappbeipke 2kt ure. The

longi tudi nal T Ql flikdbRES iA@N! ARl mdELlHRUAHEAPY il BuildGed8di@l ends of

the valve 50, thus ensuring a cledr view of Sﬁe val ve. " Moreover, the

| ongi t udi nal f b¢ld withires caaiyt efabe hewdih Lar Kb rdlaf{ifstoons pire obalttigasn and t he
pusher, as expl aj her. f - - | bl -8 folds
or pleats pre-%%%ﬂ@ga?§%¥hgsba ﬁ%%n ]?gﬁ"a é% %%F*§¥5?§§§e?f§??on and
renoval throughomhe paltive imriksi Atand dueel displace2Be plug 204 to [ORE] hlso use, t he

present inventi rov}%gs.a noy nd effective way for inplaniing a
prosthetic heaP@ﬂnggbé C?%?Wﬁ%gg%%fﬁgj%ﬁha us? %@%%%5§H§¥ ?&% procedure
have been descdé¢fhedormbny 20int thrnraeagecto éme sklegs .theleod, at atdidtd aipt2129f f ar as t he

e LB a0t o S P S SR PR S SRS AR L0,
procedure Wl tipow daen pt Digh.dpm whd M4KE. efET@GBE bl Qofatifls the lahtianbhllbdf- 14E,
which are in Siceafttlileté/ri Seél\lve?bo(ljlgc it;[ g)?isst esgleef[yct\{\filgt sr}:%rlill%ntt Pl% I\I/lgjll g stSegr'ed 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 punctwoeoBaogsBgs. 1 and 2A) in the left ventricul aPCapsz)10amd70
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 val ve 50 areiﬁelected, and prepared for use by
renovi ng them from any packagi ng and rinsing or sterilizing as needed. A
pre-dilation step as descri bed above with respect to Figs. 2A-2B may be
performed to emraogeancoibwiahIatteohb@tdbﬂ@tielamefﬂ%eﬁré emily pomhimedosing ¢ annul us.
[ 0098] The proces m,orﬁkﬁig'”g the prosthetic heart valve 50 over the
bal | oon 52 may “be §cconp1 shed in a nunber of ways, and there are suitable
devi ces on the mar ki@d8d]dhe monﬁa]m‘ggstb@l:bel 1®dte-mlmrbddmgs8stvmtm$s awelar bal | oons.

In a preferred e |ce a essin ni smt hat

wor ksl ke 1 e SpaRerE iBrGRESE 20En 1P ol AT LEERe b BRERDS Bevi co.

mul tiple Contl@m@ﬂﬁﬂ$ﬁ@ﬁﬁnm5pamauﬂﬁwtHQ mﬁ&b@hﬁﬁym@&mﬂhﬁmﬁﬁQﬁlhﬁ&lC hear t
val ve 50 cl ose separately but qig Ehat un %orn1|n ressure i's
exerted on the“H&ss tV! dPVBmHW AP F@ﬁl ﬁV‘?pgé PAtE™ iR @&

[ 0099] Subsequentd yB. tie oam&eelmmé 0n8d spUShEy wikeihe bo® dnR shh@;rcapl sl eeve
220 are advanced distally over the proximl end of the balloon 52, such as

seen in Fig. 13 Hﬂﬁi’@ltIr%}étéi‘@rm(lV&@eP‘sOfttWeﬂld%@WBﬂ Beithe pplloopidetiegtionnd of t he
- 29 - bal |l oonygatiBelalle R4tind RiAHIBE IhRigaseiRlweeRf Debigibhaldoon 52 and

prosthetic valve (not shown):
rings 226 sandwich an 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 nwothe/qosssse- string sutures 44 maintain a fl ui drCirgistosmaio7ar 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. J4A. At this point, the balloon
catheter 54 is ready for introduction i the body. [ 0101] The pusher
body 158 and pusher sleeve 220, as well as the stationary protective sl eeve
162, facilit at bardtvEie eoeats ofd schle aghefidt get dxtrgios efytine mova2puaima batly ached

bal | oon_52_havipg, e val ve LR S USRI INAY RO e
sheath 70 and vVes £ep g fﬁnl1 cBitEr R l?ﬁhred pusher

sl eeve 220 surb@umﬂﬁ:ﬂhehdemmmmnnmgm&ﬁ@nmmve2&2 Smdwanmﬂmxsmmnhmmrtlon of

t he bal |l oon 52 durln e thr h the sheat The pusher
Sleeve 220 seolPE s ERRATEAOLRE sbBihehdbL BHER] aPaS RS e bal T oon
52. Eventual | ycorpend Rpdce reiweas ttheopushér bdiy H8sidr thb adyioddvy praedcdite ve to t he
bal | oon deflection tube 160 frees the deflecting segnent 212 for angled
nmovement, and fﬁ@eﬁggloon 52 for expansion. [0102] The physician then

di stally advances tfogsdieiel 00ns eicheit@mabdiew dfthé @sREChd Lo tdpallbeader 140
and introducer 100 into a position such as that shown in Fig. 14B. In this

state, the bal Fobersd shpvmevhy badlopmy? dellater, apicisdprogmat %ndeipéw@d&}m. npl ant

posi tion usingggehgeaticivear@ritie Z%ru@wmh@dlstal end df BGRlIockh@HRRY Si ci an
then retracts the Eusher sl eeve 220 fromthe deflecting segnent 212 and the

proxi mal porti &hweh thefallons 32daigb as seen in Fig. 14C, by sinply sliding
back the pusher act sejind Bt ha 9 R840 0h. HRon bakh@lRkNRL Ot ect | ve

sl eeve 162 around the pusher b serves to decoupl e novenent of the
pusher fron1thetwé$wbgmdhmvhemnm@bmdut@bmﬂmmuswdsdBGPi44e&htﬁﬁ@ﬂmr|ctlon on

the pusher. Al \AE% gatcn?at&nﬁtr&ﬂ{aﬂglgopﬁl r@aﬁl&@gcﬁfletél %ép!nﬂigr RAGK ¢ Eﬁ a Rysher

actuator 156 raspin han | e reatly re duces t ance of
m sal i gnment oSurtquedm@_hssge piﬂhus ti§ jamticularly important in the preferred procedure of

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 radwvograplosss3mar kers and fl uoroscopy, and the pre®CIaSp@Liosisoni 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 7by gross novenent of the catheter
54 and slight changes in its angular ori‘entation by tensioning the
deflecting wire 202 with the defl ection actuator 154. [ 0105] As

menti oned above, th@0HFigedfiion lwgimd@ORseckpmypl vikOBYf exdisddmdfafahe t he handl e
150 along the bal)oon, defl eGhl oS HRei 80 aRdul RLIRLSE AhalfS et | ect i ng
segnment 212, andzﬁ}e eraBPy AT ALY AR A BRGSHC KL sprin erein (not
shown) . Pul | i nthettaBloghe$2. edhe dearvwale 20Racausesr idagthddbhil éetbatigorségnent 212
to be pulled tp the side. of %tHachnent f tBe ire, thus deflecting the
distal end of %ﬁ‘ém%grtoﬁ‘é?aé?“da o beéP‘PSS%RO@Q?“ g°"n Fig. 14D. [ 0106]
Utimately, the val0e9H0hd Ballpos 5L iOfeiddiOhvegtthat eABances Yr@lizadicn oaki ng care
that the valve 50 js not Jiable_to. blgck either of t oronary ostia 80
when expanded. P&aft Vﬁé‘“ﬂ’i‘%&é‘%ﬁwt-t ﬁp‘%?btbifﬁﬁ%scﬁrt"i“% C‘P%Véﬂt“?nﬁrfgéﬁ%teaﬂ?%ﬁbh t he

bal | oon i nfl at jQincaanRg@kDig dale Whio6h SPaFsE&KamBleOd gbnhbe wae 0ol o the
bal l oon inflation tube 196 to fill the balloon 52, as seen in Fig. 14E. The

bal l oon 52 is &ihecrtBigecn Hdp Thadomn AreanioieRpanddw i Eritss dhPeh has

previ ously beepissialaffuhe thettAlRInQRBEAY 28X PENdNS RenBqRS likethiCorRfale val ve 52
toits optimumdianmeter in contact with the Surrounding aortic valve AV,
and cal ci fied M&aKlPeps rippley Kesp HedraP rafciilyl atech miseulatitens shawiyn ptrated in
Fig. 3D. The ball0pmo2dp X RARHR Al NErRIOSINGE G BERLE o @k YfoxRRakhAg | Pl ant it
in the annulus, after m%lch the balloon is deflated and renoved fromwthin
the val ve. - @istal ends of theQvadve] SOSksiee) trethe lipplantasdtic o giha palleoncenefrthst medi um
may be injecte - pr.oxi - ot | f oon
cat heter 54 tOgg%%ggé%@ﬁPgﬂbﬁk?ﬁ%fhﬁg{gﬁ8@%$?I%ﬁ%ﬂ%ﬁﬁhﬁﬁg&gggﬁq#ﬁe efficacy
of the just-i nplimnttedirpgostifsttha shal we 0B@chdchrdtdgeapbal tings énbarpingpbe | vy
functioning, the.balloon catheter 54 is wthdrawn into the introducer
sheath 70, whi & ﬂ“iygo Fe o glac%t? ttélﬁwﬁl?éﬁteva?)vﬁnggtah&g a% a%uéuspur se-string sutures
44 are cl osed up t o08e8Figt he ipaunclialrsectidd .of the folde@ BaBdon(rfcléig.afaiand t he

delivery system descri.bed ein is,parti.cylarl | -suited for . an
ot eor adde. ¢ r ames o P akenRe bRIPR T2sEiadint sEeYES MabSF abdhg *chor
l ength. Wth rekeansragbdsol 9B §96,4kough g @oist e Hieagbh doft thdheatatsaeducer 100
is approximately 13 jnches (33.cm, while the |ength of the sheath 70 that
may extend wit AFARPEhE nﬁbﬁ%}lﬂg]s %%-{?Ze‘gﬂsué‘f%&‘_%e lﬁ%ﬂe%ﬁgocﬂﬁlorfﬂégg‘ﬂ%t iT_ f of the
bal | oon cat het gavd4230hatteRX IoRBAEiAaNY Oalbde tHeNbd1BEH GRT ankOGrhpriidtevks, the
portion of the balloon catheter fromthe distal soft tip 144 to.
approxi mat el y FHSTHEPREESPER HahelPallorss)? i Sypratiel sicyons! i Bdithan about
24 inches (61 @iﬁﬂensimomaa@néﬂ,tzs(),aﬁfaulres&tlndg wb?@d (s@8ct6r@ inOfigt e ibal | oon
catheter to extend beyond the introducer distal tip 72 (see Fig. 4). It
shoul d be not etrinifized forehatsizaof badlopn.oing cpsuriaa gydn Geumfrecndal Wiepige syst em i s
unsui ted for ardQngehy inTHGuEhAGHE A4S FRBQARILA QHIRnb MR RETIPCT A
vascul ature, such as sho In co-pending U S. Patent Publication No.
2007- 0005131 t bneFagpingast uafeofluarereopst withi thy radea rads omthes vidrovdéds on t he
bal | oon cat het 4 i tsel fo. n econgdar. sed for
gui di ng the ba%#ggﬁggd? ét%ﬁ%q%gﬁg§&§§néﬂ?ﬁ%E%S&gP%?%ﬁFﬁ%L%ﬁ??g??on No.
2007-0005131. Jdmeraghwittt mhdmghandodn theebabainl adrihcpishet er expivihetihboabi | ity to
or ost het i o nea Pt e Ko o ERERTED FHIBRR T PeROBALARNY &L TR
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 2anosgs8 of |imtation. Therefore, changes nme¢ThiS20maae19% t hi n

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

y



2. The conbination of claim1, wherein the delivery catheter includes a
oncentric tubes extending fromw thin the control handle, and
at | east woeopa®sssse seal within the control handl e for psgalSeog/oareund one

plurality of c

of the tubes,
passi ve seal
actuator is a

such that novenment of the one tube is never prevent

ed by the

3. The conbination of claim1, wherein the deflection

trigger and the pusher actuator is a slider.

4. The

conbi nation of claim3, wherein the deflection wire includes a plug fixed

on its proxinmal end acted on by a rail

the control handl e and whi ch noves mﬁfﬁﬁfhe trigger. - 33 -
conbi nation of claim1, wherein the deflectable portion conprises a braided
structure and bdbodehthect Fbnnglidiag dicomgenmhly of dreghbdiloop 52 and pdisgeat coil to
%ﬁ%in&Wﬁ re attaches, the deflectable portion having a

TR

whi ch the defl
di mrension no g

wil)
reater

hat slides longitudinally within

5. The

an’ 8 French. 6. The conbination of claim]1,

further including #0100bAal éhis pad@derat def damie nigneaastball @mghathotee ptehattiangcei ves a

f. the de]jwv. .cat het er. d incl udi t f
iR ntReti 0oR PRI H i SRR RE TR FEAUEEE Sone’ | cader

havi ng a di st alAgiias et pate-a@xhe Rdsirds MO uGintsinch PpENSightheeal ntdvaduaer val ve
and facilitates passage thgéeHSrough of .the b%]lo n of the deljvery
troducer sheath 70.

di stal portion
engaging matin

cat heter.

n uring “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



7. The conbination of claim@®6, wherein the | oader has a proxi mal housing

wth a | oader seal for fluidly sealing around the introducer sheath, and a
si ngl e- hawodedivesgs3f or aspirating air fromw thin the | ®auars2010/041970 8. The
conmbi nation of claim1, wherein the balloon in a deflated configuration is

folded in a manner that |eaves only longitudinal fold |ines. 9. A
medi cal introducer and heart valve delivery catheter conbination,
conpri si ng; a delivery catheter having a distal balloon of sufficient

di aneter to expand a crinped heart vaIv% t hereon, the delivery catheter
including a circunferential marker band at a proximal end of the ball oon,
and wherein the balloon in a deflated configuration is folded in a manner
t hat | eaves onfedudinnfyictiodpmée pogled Alspgbe pie-lpnded deragiond! §lidirgrimsic opi ¢

f‘r’]t”ﬁ ggﬁf:e\rl\li thgv.EhP‘%e ugfﬁérg%%%rr el%gix%'ng”g&é(p?%ﬁ% hndfe 1008 23R an
gat éd tubutrar eath extendrng-distally froma
proxi mal housi dgncosttraikaligngesttof theaslve postiomt r oducer valve - 34 -

[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
using radiographic markers and fluoroscopy, and the precise positioning of the
balloon 52 and prosthetic valve 50 mounted thereon is accomplished by axial
movement and rotation of the catheter 54 coupled with angular changes of the
deflecting segment 212, as seen in Ilig. 14D. Specifically, as the prosthetic
valve 54 advances it is aligned as much as possible along the flow axis of the
native aortic valve AV by gross movement of the catheter 54 and 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.



for fluidly sealing around a proximal |ength of the delivery catheter, the
sheat h having a throughbore for passage of the delivery catheter

10. The cwotzonzosssa of claim 9, wherein the delivery caPhetuseoloasoao

proxi mal control handle and includes a plurality of concentric tubes
extending fromw thin the control handle, and at |east one passive seal
within the control handle for sealing around one of the tubes, such that
novenent of the one tube is never prevented by the passive seal. 11.
The conbination of claim9, further |nghuding a tubul ar | oader defining a
t hroughbore that receives a distal portion of the delivery catheter and

i ncluding structure for engaging mating structure on a proximal end of the
i ntroducer, the IO@M@ﬁ]&dmﬁngnéydh@pahmnoswnthmun®wnmndSIbhﬁqﬁghiand opens
the introducer vaI e and fa iLlitat onH%ﬁS%QEe%hEreth E9@4of t he ball oon of

the delivery ca?ﬁe epnm“nﬂ IV (B Y |nat|dﬁmo tffgﬂh%ereln t he

| oader has a pmmxghahehmuﬁlm@;mpﬂh4amhoademesﬁﬁawioﬁ mbquﬂhmphﬁmdlng ar ound

w'thin the T oapnide vaES0, 3 SR S aRMRAL it i iRo ERe R e

i ntroducer she Btvhthdfm\}midlol’tge atrpdusd smiazith geguect istréradvel $rost thé pedcudrban a
di stal section nedl introducer. and hearf val ve delivery

cat het er conbi Fl%lt Wurs&&ﬁﬁ}gl S uFFﬁ 4& are closed up to seal the puncture 32.
[0108] Once again, the delivery system described herein is particularly

well-suited for an antegrade, transapical approach, partly because of its
relatively short length. With reference to Fig. 4A, the entire length of the
introducer 100 is approximately 13 inches (33 cm), while the length of the
sheath 70 that may extend within the body is between 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.



a delivery catheter having a distal balloon of sufficient dianmeter to
expand a crinped heart valve thereon, the delivery catheter further

i ncl udi ngwve 2pricxsssal control handle and a plurality of ®omasaiwiog19rubes
extending fromw thin the control handle, and at |east one passive seal

wi thin the handle for sealing around one of the tubes, such that novenent
of the one tube is never prevented by the passive seal; and - 35 - an
i ntroducer having an el ongated tubul ar sheath extending distally froma
proxi mal housi ng containing at | east one introducer valve for fluidly

seal ing around the delivery catheter. -32- 15. The conbination of claim
14, wherein the plurality of concentric tubes includes at |east a ball oon

defl ection tube and%@%Ablaisl %&ﬁﬁﬁ@ti on tube that extends through the |unen

of the ball oon defl 16. The conbi nati on of claim 15,
wherein the plurality ofA condedt inedbedbeand uidahevaivactieltes, aatheterl ar val ve
pusher that that slides over. the balloon deflection tube and noves

| ongi t udi nal | ySSRRRIOBsSEWISPE t he bal | oon deflection tube and the bal | oon

and a protective sl eeve atdeatergxh@aeisShdvin@m difigl asdd & suffasnat giapveF a
majority of the pusher body. nmbi nati on of claim 15,

dy , 17. The co
wher ei n" t he passi vel9s&180¢ of rigingpef| fisag salyp %Fﬁﬂﬁdﬂphgdﬁﬁpfdaﬂwﬁéflection
tube that noves W t&iniprikie aCQiele® lubBARGHR: balloon is dishBsed IdhehE @R bNAL | on of

claim 17, wherein the passive seal includes a pair of O-rings on either
side of a washer. deflectable portion of the catheter tube actuated by a deflection pull
wire, the delivery catheter also including a tubular valve pusher that that
slides over the catheter tube and moves longitudinally with respect to the
balloon, and the delivery catheter further including 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;
and
an introducer having an elongated tubular sheath extending

distally from a proximal housing containing at least one introducer valve

for fluidly sealing around the delivery catheter.

2. The combination of claim 1, wherein the delivery catheter
includes a plurality of concentric tubes extending from within the control
handle, and at least one passive seal within the control handle for sealing around
one of the tubes, such that movement of the one tube is never prevented by the

passive seal.

3. The combination of claim 1, wherein the deflection actuator is a

trigger and the pusher actuator is a slider.

4. The combination of claim 3, wherein the deflection wire includes
a plug fixed on its proximal end acted on by a rail that slides longitudinally

within the control handle and which moves with the trigger.



19. The conbination of claim 14, further including a tubular | oader
defining a throughbore that receives a distal portion of the delivery

cat het er woaoiwmoBssdi ng structure for engagi ng mati ng st POTIUSLE 0.0Mm1930
proxi mal end of the introducer, the | oader having a distal nose that
extends through and opens the introducer valve and facilitates passage

t heret hrough of the balloon of the delivery catheter. 20. The
conbi nati on of claim 19, wherein the | oader has a proximal housing with a
passi ve | oader seal such that novenent of the delivery catheter is never
prevented by the | oader seal. -33-

5. The combination of claim 1, wherein the deflectable portion
comprises a braided structure and the deflection wire 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.

6. The combination of claim 1, further including a tubular loader
defining a throughbore that receives a distal portion of the delivery catheter and
including structure for engaging mating structure on a proximal end of the
introducer, 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.

7. The combination of claim 6, wherein 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.

8. The combination of claim 1, wherein the balloon in a deflated

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

9. 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 circumferential marker band at a proximal end of the balloon, and
wherein the balloon in a deflated configuration is folded in a manner that
leaves only longitudinal fold lines to provide good fluoroscopic contrast
with the circumferential marker band of the balloon; and

an introducer having an elongated tubular sheath extending

distally from a proximal housing containing at least one introducer valve
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for fluidly sealing around a proximal length of the delivery catheter, the

sheath having a throughbore for passage of the delivery catheter.

10. The combination of claim 9, 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 control
handle for sealing around one of the tubes, such that movement of the one tube

is never prevented by the passive seal.

11. The combination of claim 9, further including a tubular loader
defining a throughbore that receives a distal portion of the delivery catheter and
including structure for engaging mating structure on a proximal end of the
introducer, 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.

12. The combination of claim 11, wherein 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.

13. The combination of claim 9, wherein the introducer sheath

including a proximal segment that is stiffer than a distal section.

14. 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 further
including a proximal control handle and 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; 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 the delivery catheter.

15. The combination of claim 14, wherein the plurality of concentric
tubes includes at least a balloon deflection tube and a balloon inflation tube that

extends through the lumen of the balloon deflection tube.

16. The combination of claim 15, wherein the plurality of concentric
tubes further includes a tubular valve pusher that that slides over the balloon
deflection tube and moves longitudinally with respect to the balloon deflection
tube and the balloon, and a protective sleeve that extends from the control

handle over a majority of the pusher body.

17. The combination of claim 15, wherein the passive seal forms a
fluid seal around the balloon deflection tube that moves within the control

handle.

18. The combination of claim 17, wherein the passive seal includes a

pair of O-rings on either side of a washer.

19. The combination of claim 14, further including a tubular loader
defining a throughbore that receives a distal portion of the delivery catheter and
including structure for engaging mating structure on a proximal end of the
introducer, 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.

20. The combination of claim 19, wherein the loader has a proximal
housing with a passive loader seal such that movement of the delivery catheter

is never prevented by the loader seal.



