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| MPLANTABLE DEVI CES FOR CONTROLLI NG THE | NTERNAL

Cl RCUMFERENCE OF AN ANATOM C ORI FI CE OR LUMEN 5

TECHNI CAL FI ELD The present invention rel ates

general ly to inplantabl e devices and procedures and
relates nore specifically to inplantable devices and
procedures for controlling the internal circunference
of wanocstansswm c orifice or |umen. 10 BACKGROUNWPr/GE2003dE7278
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The field of cardiac surgery was previously transformed by the
introduction of the pump oxygenator, which allowed open heart surgery to be
performed. Valvular heart surgery was made possible by the further introduction

35 ofthe mechanical bail-valve prosthesis, and many modifications and different
~ forms of prosthetic heart valves have since been developed. However, the ideal
prosthetic valve has yet to be designed, which attests to the elegant form and
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35 junction for relief of gastric reflux into the esophagus. In this setting, a surgeon -
is conventionally faced with the tension between creating sufficient narrowing to
achieve reflux control, but avoiding excessive narrowing that may interfere with
the passage of nutrient contents from the esophagus into the stomach. Again, it
would be desirable to have a method and apparatus by which the extent to which

3




findoplication procedure has |ong been used to2paaren2007
t he gasto-esophageal 35 junction for relief of gastric
reflux into the esophagus. In this setting, a surgeon
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to narrow the gastro-esophageal junction for relief of gastric reflux into the
esophagus. In this setting, a surgeon is conventionally faced with the tension
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SUMVARY OF THE | NVENTI ON Herei n disclosed is aza@gth 2007
prosthetic inplant and nmethod for use for adjusting

the internal circunference of an anatom c passage that
can be adjusted after inplantation but after the
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devi ce configured to be coupled to a fastening device
that provides fastening of the inplantable device to
ti ssue around an anatomic orifice or |lunmen; and an
adj ustnment tool configured to actuate the adjustable
menber and provide for adjustnent before, during or
after the anatomic orifice or |unen resunmes near
normal to normal physiologic function; and wherein the
adj ustabl e nmenber is positioned off plane relative to
the i nplantabl e device to provide that the
i mpl ant abl e devi ce can be adjusted on a beating heart
and positioned to enable adjustnent of the
i mpl ant abl e device to cause valve |eafl et coaptation.
An adj ustable prosthetic inplant could allowin situ
adjustnment after initial narrowing of the 5a 29 March
2007 circunference of an internal anaton c passage
under physiol ogi c assessnent after prinmary surgica
cl osure. Such an adjustable prosthetic inplant could
be placed through an open surgical incision, or it
coul d be placed endoscopically, either percutaneously
or with an endoscope placed within a body cavity or
organ. In addition, such an adjustable prosthetic
i mpl ant coul d be coupled with an adjustnent neans
capabl e of being placed in the subcutaneous or other
anatomc tissues within the body, such that renote
adj ustnents could be nmade to the inplant during
physi ol ogi c function of the inplant. Such an
adj ust nent neans m ght be capable of renoval fromthe
body, or mi ght be retained within the body
indefinitely for later adjustnent. Enbodi nents of the
present invention .and the nmethods for its use
antici pate nany alternate enbodi nents in other
potential applications in the broad
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fields of nmedicine and surgery. Anong the ot hewg march 2007
potential applications anticipated are adjustable

i mplants for use in the treatnent of anal

i nconti nence, urinary incontinence, anastonotic

1ﬁﬁ1§ﬂc ul VfEI If:egif:@ }51;1 al?{rﬁugﬁéladéma gigs @hﬂ%%@mdl%&e Gt after
PR chadﬁgosfr}%' Sy i adiyftadls protinelic Tpling fpic e phased
theughea; opgn gregicn incsien.ordt ¢ounld headaaed epdoscopigaplyaeipher
peaeuduadecmsty er with anohndgsctopetpischmﬂanh body emxtityoor argah. In
1hhtn“tcbu1%% cBhSIeE 'ashth an
adé%éf?ﬁ%frﬁé%ﬂé&gijﬂﬁgo LF? %2&0 @ ey g i
tisgugs yuithig SP%lb E’é‘éﬂcﬁﬁ a Eﬁ?‘gﬁ%ﬂ’l} J@aalant
durimgrmbiysielagiclfunetiar ofithenplant. r@ch@adidjtlstlncrptmanh ezight be
capabgesfirebivval feh thebodsy st ahgltst Refihatisithal theodyhat
m&ﬁﬁh@l bl DY Rl RGRgRNt of a prosthetic heart valve by
[ a erc e . ot her mal | | va3|ve
J‘?&b dinhcays gﬁﬁ@ Dt St ol b Bacos AR
aqﬁlﬁ&@é%marlﬁ\aétﬁmamﬁmmdmw@tﬁdﬂ@ i potantial anphisationsdaithgbroad
fiddeof medionmeaandpeagefy. danbng thewther pakential apglicytionst i on
an‘ﬂci d‘ %rléi hﬁj‘Ms%‘le gldrie fcﬁplﬁ’s%'lﬁetﬁe %leﬁin'iﬁft oPRhftF
ndfrt 6 g
F%fﬁ @Fﬂlﬁﬁe@m H‘Ftél fémlreéemo QSI’% and for
trlf:us:md valaarodysfimectiomp (Mmetprofedin gSdistussons ramointeandedhm be
exampliry embbdidnentd Adcatdi@tosBe préskit ihléhtioRlRindRhould @t be
' oﬁi‘tﬁ’ﬁ?&fj{% @?g‘réér%gbmﬂ tin 'aﬁd%]%é ﬁq%ﬁfod%’ ks guI;e h%x
ant g
val VB angiher cremplangapbliration 2 dysfheichanal garsias alvs caud be
replagrsar dungiionglly supplemented trughievadisease withaitribe needofor open
hehit suigeR(§)7a ANDERADS/A(R 80 e RGTS (52ARINOATATE dloG 4 i s

lﬁfb@ﬁ%n%gfi aﬁl?ééid%aﬁtgvahisg IgrréC u nﬁﬁe nce O?SO(garn anatom c y

(é Serted through an_open operatjve cardl ac
" nciQuies. AREES cUceasIvARGERTION e DreseRAv IO avillibeepme
appsreat mmlstpadmg\thﬂ follewing spduificatiphawhemfakeh (h cahjunction

wigh@widrgvihBearthe hiifendsd ElBRAS1 on cl osed, an adj ust ment
tool extending through the closed incision, and

' ' ible after the patient
B%W@ﬁﬁﬁ%ﬁ% 6 is a perspective
vi eWI6k 14s 4 fiost viewtsd aifiretrembsfdimentandjan smplant for neshacingftbe
cmmm@@fmmomﬁﬁfﬁfeence of an |rrpl ant for reducing

the e 2 zhafﬁ%g% &t PRt (afsle sbdrifto O afihffns It a

W

migal valyey HY%{(tmg?S@’% 9Pt Pre a ust ment means

of @ 3ds a foat vigw of the implant ofi HIG. \hse,cwr toithe awmiHys of a
mitrabeadverevith the implaatinestomratted position to reduced the size of the

heart valve opening.




means for adjusting the circunference of an inpbamrch 2007
for reducing the circunference of an anatom c

orifice. is FIG 10 is a perspective view of a first
alternate enbodi nrent of an attachnment nmeans for the
inplant of FIG 1. FIG 11 is a perspective view of a
second al ternate enbodi nent of an attachnent neans

for the inplant of FIG 1. . FIG 12 is a perspective

Viveoeo00d/018816 hi rd enbodi ment o f an inpl ant f opcrdéoosinars
reduci ng the circunference of an anatom c orifice.

FIG 13gis. of one end,.of t .
ol ant %?taﬁgﬁgﬁ%ev Fiel 8% Sl bty o an implant for
¢ o SR Hhe, CBRPREEs e pea @vlamia ovfism megstedotbrough an open
pr efpsmiive shrglidoacisiomandsaciyed svoend theenithi estve.

conponeRIG. 5 fsl{perdgectite HicMes SRS Ehp A o 18G. Af sHdMAng the cardiac
§ b &Bion Yot Gin b4 A Q?oltt{k?e e{hi %sﬁiancqgs!eﬁ iicision and
ext epded tof ov.er e | ant. . 5 . 4
peryisipens of Medmmnlantpnestble siler the gation Bas hoondplsen ‘ff pusep.”
outer KEHmnflis & perspeqtive viewexda Sust tmbodipienntof 48l &ljustment
16 mena frer sdjasting ethei eiscinfifetdnee | o laantindlank! for Jeducing the
sheicadfdtite oFat @hStofid Biige, €xt ended to unfold the

K WL???E&@%@&@&%&?@? ySEnced seis eI 6o

causes 153/ 1R pide yigm phihe adimsenent means ofFKhéws t he

i mpl antFliGh 2 he af vghiesidp oidvt obia, seatitl efnbGdinddht FMSadji@ment
| MRhaaBs foR adastil the CCirPSielehtd) of e irhpial ;
percﬁgﬁﬁfe' Wi gk%ﬁ’ﬁﬁfﬁ&o hce 5 | vveflialng%dOf{;faEA a H%E%gﬁd%\lfmreducmg the
sensor ot %%f e I nplan %'_?T FIG 12, show ng the

Bsensor “art dhCoRPERELNE HeW ek # difst plienatzoeinbodiment of an
pe a8pehameny megnsefor tie intpdert ofEIG.end of the touchdown

sensor FIG. 18! 5 a sEp Viewt b¥es § Falf ARSR
s et i e S

ant™

fourt Iment of an | fqr reducing the,
ci rcurr,flg éﬁ elSot PW%’XFO‘{‘?‘E 4 thirdembodamente #n Zoptant for
oredvorg thadgigmpierneg sbaualtare peifife.G 22 is a side
vi el\s/v ogmajbmzqrtsmﬁﬁg Eeﬂﬁé\ﬂne%‘%bnﬂh@f {HEP bAPlenOBL FEG. 12
UPshwifif O bbfiohdl! keye@NdtionSHif> b éét&eg'&gr}éhe%&h e to
th chani sm t [ ?an o] e
FI <t %&éﬂ%‘%ﬁt%@o& T \eﬁn@%e&}?:e? Wf“ng‘%“efl e retention
bar b SHG: ki3 fBPiaRgCtiye vieny f the fmplantof BIS. 19 showingho outer
25y eanngla extenided o comsottietenplanaf an i npl ant for reduci ng

the ci FIGUISiLDperspéctivd vaswbOMmb mPlahf bEFIG W RobAf: the outer

1 R SRR oS BYRAPHGH

FIG. 16 is a perspective view of the implant of FIG. 12 showing the
middle cannula extended to unfold the implant.

30 FIGS. 17 and 18 are schematic views illustrating how extension of the

middle cannula causes the implant to unfold, where
FIG. 17 shows the implant in the folded position, and
FIG. 18 shows the implant in the unfolded position.
FIG. 19 is a perspective view of the lower end of a touchdown sensor of

35 the implant of FIG. 12, showing the sensor in an incompressed condition.

FIG. 20 is a perspective view of the lower end of the touchdown sensor of
FIG. 19, showing the sensor in a compressed condition.

FIG. 21 is a perspective end view of a fourth embodiment of an implant
for reducing the circumference of an anatomic orifice.
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configuration. io FIG 26 is a front view of tkeMarch 2007
inmplant of FIG 25, with the inplant shown in its
contracted configuration. FIG 27 is an enlarged view

of the area indicated by the circle 27 in FIG 25,

with the outer body renpved to show interior detail.

FIG 28 is a schematic view show ng the inplant of

FIG 12 anatonmically is positioned at the mtral

arpy hddsodomed heart with the inplant in a ful bypye -
expanded - state. FIG 29 is a schematic view &fw 2098127278

the i t_of FI, 1 nat om _cal | itio da the
gastrg%@gr%@aq si ‘éﬁW 1% fmplenicos Epgfﬁ wifththg i opened
exppholelbw dts fplblength. FI G 30 is a schematic view

Shovvl naFiche23 iPh aftte wbwiifGhe 2QnistibRNbechahiBm 6£1Héq enplant of

unf erence of the gastroesophageal openi ng.
CRIP | ON Ok THE DI SCLOSED EMBODI, VE
SRof or r%ﬁ% Jostamviam §%o O R O DREDS s it of
i nfiGalk |ike 25 elements throughout the several
views, FIG.26R0 #ont view o atfifliDembodifriesit oifartiimplantgbardducing

b- Weﬁcﬁnéf %néé‘% dna Lbnﬁb Brifide, willEthl e'?%g S}Mm n{é eii‘anded

b e ape and’size d rm ned
ani? A Tbds of an intended native recipient

10anat omiBGsi A6eis @iftomit iew ofdherimplant RG2S, withdhe Janplant shown
nain ecomniricpidesohfigmationi ¢ site may be, by way of

I | | ust r@yd., On Bnd eﬁpdfr éawla\@bf@ﬁe Aﬂemﬁﬁdt&ﬁb &eha%ret 27 in FIG.

e ea astro esop ageal
%ﬂ”&#\tﬂ’ ‘gerel??@gre ?Vgt Sﬁo‘gﬁ%etﬁlg?ﬁ ‘tes. Wthin a,
mammI i BIG-7dy asehamaticyiey ehewing the urplaek ofdHG: Fa%@natonncaﬂy
15 ghtitibeed & the mittabannulus in mpheartt with plabineplaft ivhaly wgpanded
t hgiaed. ze and shape of that site and maintaining a

des| rth*‘I Zﬁi@r%%gﬁéésﬁ?aqﬁ: ﬁévlrg ov?i‘ﬂr 1 2 mically
.Lp«'?%%oﬁ%o% tggaaw‘wpé% Pafml%g fhrtﬁl? I%E&Jﬂ?s @D §g%1ded

al sletemating with intervening gromet -I [ ke attachrrent
:zomeans AAAB0 8@ soherativedew shewitgthairplagcdt HIG. 29 diplanted to

Beﬁfec?ﬁ:%fﬁél@n&loﬁm Qsoﬁh?ééaﬁﬁ%artgam body 15

‘ may e secured to the %d Pus 0 val ve 30 by
a fixation neans such as a suture 35 secured over or
t hPFIHLERDESCRINFEN Ot DISCLOSER B IMENT
sect i orRef2fingohew andthe ndrewihgs8 12 9N1Mhh dﬂceZﬁﬁiieralAﬂndlcate like

g e
1 Y d m dina
si ; hapgrang §& “MLA@‘\E‘)‘WQ ét% enatomgcﬁle@ Pﬁ@lﬁtaﬁ%ldeg Rptivg regipient

of andtemicasitcewlthinfd wammalisn patintBuchiamptivh eecipient anatomic site
COffay Me] %S/lvﬁiy of NIREAtIvAt andheMdy Way bBlimitation ! HBéarSPave] the
30! Nede eguf!:nlin i, Qb—%&éﬂﬂ%ea?}ﬂfﬂmbﬁ%e%ﬂ@so% BBEE ad0mfY sites

“t h Within 3 tammali ?ﬁnat are creating dysfunction that might be relieved by

an implant capable of changing the size and shape of that site and maintaining a
desired size and shape after surgery.

The implant 10 of FIG. 1 comprises a circular implant bedy 15 which is

35 provided with adjustable corrugated sections 20 alternating with intervening

grommet-like attachment means 25 having narrowed intermediate neck portions.

As can be seen in FIGS. 2 and 3, the implant body 15 may be secured to the

annulus of a heart valve 30 by a fixation means such as a suture 35 secured over

or through the attachment means 25. The corrugated sections 20 fold and unfold

.




shown in FIGS. 4 and 5, with an open operati ve 2040007
incision 105 in a heart 110 shown in FIG 4, and

cl osure of the cardiac incision 105 in FIG 5. As

shown in FIG 4, the exenplary adjustable inplant 100
according to the present invention conprises an

i npl ant body 115 with attachnent neans 120 that all ows
io fixation to the annulus of a mtral valve 125. The

exwopbamyssd] ust abl e i nplant 100 is further ppy@yiotaidrs
with an adjustnment neans 130 that is control I ed by an

o et S 0A b et o i e A
ad phth fm;nr lapio b in sitn mayeacsease thapweralh rsr@@lfﬁh@ale@%valve 30,
t héncaelsirg thre noaptemnf ti30yalve ldafiets 40hadsiharging thestvayfiguration
of fidaethatFHow in¥0Q. mmhﬁsﬁdwﬂmemcbs affected after

PNV S1 089 iRl LAY LRE,RERA! 188 %r ol FOUIR dnyditon s
4 3%@?: A}, 2F B 23 ORFR PBEFAIYH EaTdh fﬁé@éﬁ%t%%gw heart

1351%9;10% muﬁéhglagadl ciosune wﬁéha@mlacrmmonewﬁm F1G. 5. As
anghowii ROFEGWY &mwénehipaarymdﬁmd&leaﬁnplnﬁlmo @Beok@ipg tbhe present

vagd \%tE‘iI O&H&Hﬂfﬂéﬁgﬁﬁn?lﬁﬁﬁw v\r?%ﬁﬂa%hﬂeﬁt‘iﬁ%sfuo that llows
100 BAior [6 e g oF el & CoPemplar, ARl igplant
of 100 s éa’fh%pm;m!edtw amaslwsanentaaj:@gtlﬁﬂ rthatfig |coptapHegl by an
cl agaghedodr thgpled adfusionait sicoh.1350 A tlbsure ngfl @t ndydQardial

Of ui:cllﬁa 165 3G 5,1he a&ﬁk‘tﬂx&x‘t bl "i@%%ﬁ%ﬂ? a&ﬁ’&féd or coupled to

ra InCISIO the heart
&3 %\1 et 3o g, S A po may
ISnD@nﬂy‘a ﬁ"@ rfevaivgiodegic dlowa ireushyibs heas 4 10 jspsumed, but
25wtithe theachmh drendlsiorh 561l gdpenh é)ncncuhs | desirdd) Shapedarsl) funatidn are

t 0 a5 KiBved) thel a*dﬁlsﬁﬁeﬂt B! TB5 iy be\dBier8a %&%’Olﬂ— B8R adjustment means

fousp ggg%@%ﬁ%ﬂ A 8 g@ffﬁ%&@ nfilo kf%%a% Srpfggjments
eAFRording to the ReesgR ey PO ipeniangeus 13 may bg centigured
20t hend placedio allow teteptiamby bo Wmmﬁucmmbﬂmwusﬂmnt tool 135 for

und@,ﬁbﬁheﬁgfduotwﬁg clysrdy 6f thk Bhedtnoldibgh it is sutured,

to an

Lo no\;’t\/‘%ﬁﬁ% aﬁf 60 F?ﬁfﬁﬁ%@ g@g& ic%dn% %&Sthé%pen

ad Pa%teﬁ%%m i) ﬁ%ﬁ?ﬁﬁvﬂmﬂ% HWFH%F e gegpventional

posanpre d b implagidi00smaanted abfhedorward gad p@ndJumnbts@h 135, 1s
251 aktmn ddokicef dimotiglatie incisionl 1065] 2 suturéd toftie atiwlos gi thehaitral

h:gﬁlgg 138, @%&%ﬁéﬁ%oltl% al?ﬁ:(e‘ﬁr {}\ﬁa{éa ees% fdi';itlzg' endmg
(o ﬁ%f s e B D Suh e Ml e
t heedag the siemet e dmplastbody &5, @déneg%tbeawdérmﬁgmﬁyl valve
- ad28 torwhichrit srsitiged) t6 en apgiaximategiteh@he oiyocardiabirsisien 105

300f canéR e élbsdd”ﬁ SHOYSHCRIQSS, 1oy ihgTiHead@iustdbht tool extending

or g ch?rﬁ &op@ﬂﬁw@ &Rt means 200

co ri rac I n| m | n
camjzo a‘h Pglﬁ e V\g ow of blood
cothspegh the bearglnbhmcweﬂo but bemeztb@qhe@tllg@mn has been closed,

PChirthe? MipisBrets Go thur sige aof thefl ntigél &xleb P20 cai rbd hnagde by
35 EXAfARipalatinBthd dGStmER B AABsENgages a geared rack '
FIGS. 6-8 show an exemplary adjustment means 200 for adjusting the
circumference of an annular implant such as the implant 100 previously
described. The adjustment means 200 comprises a rack and pinion system in
‘which a first cam 205 with geared teeth 210 and an engagement coupler 215
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225 on one or nore surfaces of a first band 2309 pEreh 2007

first band 230 passes between the first cam 205 and a

second cam 235 that turns on a second axel 240 that

is joined to a second band 245. As shown in FIG 8,

the first and second 5 axels 220, 240 are mai ntai ned

in suitable spaced-apart relation by neans of.a

bracket 250 formed at the end of the second band 245.
nt nmeans 200 is preferably set

Iﬁ?ow annul i npl ant 100 o f the type preg{:’gggq@mzms
descri bed, thou h it is possible to use the

- adjtuess on atfirateaxeb220. Ao this exavople, the Srst carn 295 engagsa a geared rack

Whe226i ¢h bhe of i@t sarficseoP adisDbRan30. 232, fird Haal 230 passes
gtpﬁﬁﬁﬂ ded tﬁ@fﬁt 9561?1: S aiggigse%}ﬂ% %a%agjg;ust na se(ﬁ)nd faxel 240
'ﬁfﬁdf ifined iy @ SPerti b AV ﬁfs iR, R &, % drst g second

T odiels 728, 240 aroEiniaingd i svidable Spachapat setiemby means of a
C O Uhpdcdet Zb'lﬁ‘onned higthe £nd of theaaed2idbaadd43.0t at es t he '

fl st CPHY hdy umavnﬁ&ﬁﬁlw\m §%ﬂ%151 C§ét%ﬂﬁtﬁ a?"Hb‘ﬂBwt hafhular
i plas P 4 o e bR O

ra Juz%enéal%%n g idand-plepe aieony Whgren theefirst gnd second
1as bands2 Mk 248 aby oppusing ewly cﬁ'ﬁhe samd-t@atinnous mlar structure. In

no\saRBdvert, td Sfudtiths lenBaN6F 4 BPIARTombASNS 'ﬂﬁé?é’d}ﬁﬁﬁﬁﬁﬁﬁeans

b e %e%%«m%% e el gl e

¥ h 24 1 2 cqpisse Hglf"}ﬁ‘é PRI 2s shown

20 i Kl@.at, ias usilmdabbbr theratrm“am Raditatign toff theHérspcmn éﬂs causes the

19 N\&ili 20O to BHee the Rtk 228 to &ﬂmnﬁe *ﬁ&mdﬁn&Q@O t8%ardihg ripht, as
SeRtiah& BY HCIANE 260Th FIOSY. TR

d%ghtens
th sams conti nu str tur an em)fﬁgpﬁan g

wh el SERRIFePSe of fs A ﬁ’ﬂ& IEH&@ RHD BARrERIY adjusts
215116 umlm togttlgiﬁmez@smg dnmt@n e 20gigeganh @ougea REY will

t edddseR 2 itnplamngage the geared rack 225, and causi ng
2 he T ratyahend e&ﬁ@dﬁ&n?s’sadé@ﬁ@ng’\’t& fhe ﬁéﬂ%ﬁﬂn 61? eche first and

Se"°”d9%a#é%ﬁ% %Séts%%%mﬁrerfﬁf 414 50 iy bo Sposing eds
itB% SAIE FPngRuGHS @%‘éﬁ%‘l@ 1y sugh gageRbtimeR i¥hepgotion is

ac mpattng,otthﬂ ergagemers epuplend ) ttheofirst cam 305 isrotdtet, causing the

no ez&e@a@Mto;eﬁt Bt etthe pafdd eadir@skeld o'éﬁgn %aoﬁl@t/béiﬁldzso to

<L) 5 B S M ot b
osed enbodi nent, the bracket is designed with

cI ose FBGerasbews s» semendiat shifforent (eenfiguretion 20fd a@ 3exemplary
c| esgigymagtamedis J00eacsexckinyitohn prexéht invairioapih whicdhaheke is no

th%n dst dodpler X2 er&laefcémoeg &%&e O%Jtﬁ bfafeg 8Pthe! dAms to
anot 0 ged’ e n ar e
0 B p% 5?3 ¢ soghil ¢

ad st 320 5 <Tos *ppieTmaign. I

3190 proposed cazhodype %tptbédm%ﬁhwt 961611?41%11 wclasp olesanges so as to
baprks8 8@ fivet hand 330 vdosehnagainsh drecsepmmd band 348atherebyco hold the
PublyeR ik &skd tapiRIsitivnt By Siefibh. Qh%ﬁ&thépéxﬁﬁoéeﬁ eiflodithéife, the
baﬂfja[%kgtg’ 359 %ﬁabﬁ?atéd r{Eﬁ; Jneéléétic"xﬁa ke Eha%%e cams 315, 320
55 6% O Sead arte et b B B‘i’@lﬁfﬁ% ciseRscRhereRon the
c arampars publledbadkitegethenwith em for¢retofliold thethands 339 345 in
anfixtdheeclafiperpaiipm of fiietione clan etild anwikid Spidpused embodiment
involving an elastic mounting arrangement between the cams 315, 320, the
lower edge of the first band 330 and the upper edge of the second band 345 have
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mating frictional or nechanical surfaces, whereby the
canms 315, 320 can be spread apart to permt relative
novenent between the bands or released to clanp the

- bands together in fixed relation. FIG 10 shows an

5
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- exenpl ary attachnment neans 400 for an inplant s

according to the present invention. The attachment
MBgHSeedPesgoul d be used, for exanple, in pl

attachnment nmeans 25 of the inplant 10. The a F’”ﬁ””?n?’%
nmeans 400 takes the_ form of a grommet 410 conprising a
wednating drietiomeh ion gnechanigalesriipes, arherehy ﬂﬁt%mqg , 320 can be
S uspreateapd2 Fo pEimnih redativat havdusmh betweam thevilantslobeleased clamp

wmebkﬁ&tbgahmhmayeﬁﬁ&@ndl ng through the lumen 420

and VVI fi atl on 1o devi sutur OkL W Ies
eit her egl o§/]1e°r o%na?%ep}pg %%8] t%?gc Implant
sufqegrdingiiodhe prasentiinverions Ths me@ m@am 408 could be used, for

entradipbe m plte af thet atchment meana 28 of @ik infpdantd9. Thep bttadhment
acseaifdi 400 thRed the fBFE DERL g:bﬁmm 4o reom‘p'ﬁ&ngté #8115 defining a

izﬂ%d%ual RSt Q:gfg:i LaB% §2fiid be
gflusg mﬁt%ﬁ Iﬁ Fﬁ’ﬁgwxwg t%r@eglﬁbgg en&r”%%fgi w%t:h tion

hof¢vanss sugheawsutugése os eyiresteithear0 tied ngver som gffixeda tirowghs the
deﬁﬁaehma;tauffgwmﬁzo an outer surface 525, and an

ised v T LLaoR o 518 crite Y8R ot B ARl s S0
505" aRd A, appoitiho LG UPReRk MYERAO, I He, Atthchaegy meats 500

wi eaadd alse ther useide doropxapuierini paceadh theeaitaghmentomenns 2 gf the
2Ointgiant A0t FTGNE hishowb ah3dMtaciGuah lﬁdematsoonncthuifaﬁﬁ offiagivtlow

ggglg% aﬁﬁﬁggts:nép elggsglf’ho& r}ﬂ a%@\guggil@l gﬁ‘gaf eﬁes%? an uter
7 & 5?1 0 5Ehsdha
beussd §§€’dfhﬁ aiﬂglﬁ de extensiiag thagugh thsdiumen A20me wh a'ﬂon

t hdevécea stdcimartiresronwireseithdraied sz abthenwtsem;fﬁxmi dven onihtrmgh

20 & the Hﬁwhﬁ{eﬁﬁﬁbéﬁsbasﬁ&?ﬁiatﬁﬁife%s 1acé<¥ﬂﬁ8u R 535

35

exlt T%b §30° %31 )Sﬁ m1ght
| ese ve I C
% Gggf Ylgesméslat RR5e Hepiili e solid
hoMsdﬁgaMa@iﬁ%% attwdnanmanm nmwd:e 1u99d ing pongeneten| wgh a
cadunetless fittOhebsiystetny sl i dably rmounted within the

glous'ag @QL‘% {isg%w éi‘en%fd Ui%tﬁat &Ba&f%\ﬁiob)ésty
ST %8? FeeL I ensiy oo H'g festy system
139rray1$@ mslusies |an1@mtsatg1 gheath 689 (agicseenie RiGk Hed.can sctvating

megatheeer rédOnebatisblylsdidablyrmotntedw ithinr theshaisingnsheathF6038, and a
13nore githdier 615 c&ﬁ&é]l}o@hdah BEhHEd ‘w‘i’lﬂnﬁﬂﬁ zfcﬁfaﬁng catheter 610.

e&o %%H&é&gl i['& @56, £4). THE §m %gatheter 610
mﬂ”g"oF“eEar 16615 TP t%g tubplar siruciiress ofeas SHwA 10 e 13,
ofeitdier bebothiod the eciuating hediCore GoteREs maytheeprawﬂaémmgonc or

Cahbiet Réyel 1fdgdsc 68,C 620 eleypectDitly thebe debdiviie Hybdie o8 2dore

WQtdLiflrocal slots 622, 624 within the inner lumen of either the housing sheath 605
or the actuating catheter 610, respectively. Such keyed ridges 618, 620 would
limit internal rotation of an inner element within an outer element, should such
restriction be desirable to maintain control of the inner contents from inadvertent
displacement due to undesired rotational motion during use.
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limt internal rotation of an inner elenent W bBMAréN2007
outer elenent, should such restriction be desirable

to maintain control of the inner contents from

I nadvertent displacenment due to undesired rotationa
notion during use. 11 29 March 2007 WO 2004/019816

PCTI US2003/ 027278 The inplant/delivery system array

600 includes a distal tip 625 at the forward end of

t RRoSRLBseRt heter 615. One or nore radial |
support arns 630 have their distal ends 63%?@%0% 7

or bendably nounted to the core catheter 615 adj acent
i ts di sthf pplantglebiveryheysiam ermas| 608ngeludeua dhstﬁhap 625 at the
r adomward endrplf #indt cael ppibeter 61 55008 0r moremldial iwstaat apport arms

al gng ke fh@fred@tﬁi Rege mﬁ Jﬁv%BlyabﬁbeﬂcﬁBBbhﬁuﬁfedbﬁi Rk core

SRS U Tl W T Gl B
Send@p BS“RHO%‘FHEI Hptapd alons: e cors eatheter 613 put are

enaapeble diEbeing displacay cnmwmdtamaydi@n theTioee chithetad. end 640
of eac fOﬁeﬁ@k ahors URETRI tsuﬁpmtswuﬁs 636 haw 3P lp¥ofifnal ends 638

| ‘o? b@@&a%y‘ﬁa% d r%%ggﬁlsen ofthé 2 &8@&%‘1’%&% 610,
por ua
cat%ﬁ‘@t‘g? o) 40 2l rark serinh %prgﬁ?agﬂs 636 Phetably cor bendably
10c agtieched t@a midpdint ofraetireespendingradial implant sgaport armg 6§30 has the
r adcmhumgmhmaﬁar slpieativaiced vidD respyarid the doreocitheres 618, the

Ca& @%@&c gﬁu@nsswefc%' th@ r&{l plﬁe o@ﬁm%tw df\Ward and

}%gal%g% f'aff’dﬁl,og ﬁcﬂ:ﬁ%@g catheter 610,

coﬁﬁxenmﬂl@# fHY, rﬁadlabépp mltsm @mdara@mh support arms 630 in
15pr ostnhitiation forpl BddplGbent anbedlpa®i2bl y attached to the

858’“ ed u@% }a?& sg@@s f@e&sah 'aEfE&Ht%Etet(t} I%’é’ﬁﬂthaﬁféﬁils 634
248t %mﬁiﬁf bﬁag S %ﬁ@" ASoBI Bt Mebibfory (b Bosthetic

of pplagh o pnd Weroxma dhqrﬁ%wn Baa phurgy oforetention
t hbarbadi4dl In mddion, onepormomr of t1e3Adad implapt isspport arms 630
20t ousﬁgﬂwmw s&é&s%ﬁh@iﬁg};ﬂd QARG exa¥AE Pbximal to the

cen &5’ E’H h gy 3 qodLd $16 ‘b core
F o iﬁ% : A 2ot g:@ﬁﬁpe)

in c‘l‘
6502) ma@d pmm@baﬁem the cligtakdip 25 aweranelros rmrgtraleaaa glements
62 666,rwhioh scro¢ toelcasd thedmptane Bﬁrﬁﬁbﬂhe Bﬁﬁgery\bystém,seﬁﬂ\tﬁle or

25t Og[o‘?é %jﬁﬁnieﬂ?elbﬁ@ﬁt@ 65 Qe § &?{He Emlyed size

t 0%&d;% 3@0{ %eé)a?gr?p USt g‘?nt %ﬁzaél% gﬁS emen\{s 665
Beexigag thr%gh @em@n@ %ﬁﬁr’é‘?ﬂn m FIGS. 14~
el éapthese débentexsebel dirbethu gmrﬁhectbr mxmbnted] dr nfanithiated by

coe& PikRame A meryaﬁteiﬁ@é‘ 670 (FIG&12, 1&} is R AfinbM &S this example

oforie c?e e?ﬁt ufnﬂgé Ta e bOS]LY ?96@6 and
e b Rl

i nswtiees fiben onwntehe a@epumm rioomﬂmt poisbes tBroRgh daser-drilled bores
r eireheenplBweHs and GO thearadial tplahNRIpdBit 26A5 630 Narid hen passes

di g e§ bR cord &‘Ehcftﬁll %> g}“ cﬁr{nﬁ oﬁﬁﬁeﬁﬁﬁmeqﬁlplant

3 agi‘i Wﬁ%ﬂ&ﬁkﬁsefla@%? tl&er 116;3 ? Ssired tjmg by severing the
release element 660 at its proxnnal end, out31de the patient, and then
withdrawing the free end of the release element 660 through the core catheter
610.
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in the inplant 645 and in the radial inplant syppMEh 2007
arns 630, and then passes through the Iength of the
core catheter 615. In such an enbodi nent, the inplant

3s 645 may be rel eased fromthe delivery systemat a
desired tine by severing the release elenent 660 at

its proximal end, outside the patient, and then

wi t hdrawi ng the free end of the rel ease el enent 660

t hiyai@buoidags Core catheter 610. 12 29 March
2004/ 019816 PCT/ US2003/ 027278 FI GS. 14-16 shé’\%q Sz"m’m”

oper at i f | ant/ deli ve Syst ¢ I ray 600

in whic %ng h‘f?ggéhg‘g % RRCTAlNL et HI t?] BROSHE fEay 600,
i npinawhich 48 vimbrellabliles/expabsion of theipnosthmatic emplant 645 ismehieved by
houslidigg ﬁiw&hbntﬁﬁﬁhe hbesing theathl 615, gr! Rafadng @ahetc?890, and the

: h:c?]o%ﬁleﬁ,?k 1§1é% frSElSHE, 29 éhﬁﬁmﬁc%sl@ % ﬁd‘a‘lis extended

exten

usi
for {BFWE ﬂ‘@f la"faf{‘ﬁ’é Sa%ﬁ s@rvm %fréigf@ SR e’ﬁh er 615 for
cat Hitagascples ipgprtion of rfb@ag@lmdehmrmm afray he00. From this
| nphtaninggekition) the hyadingrsitsattog0546 Betracted th (Y direction iiditded by

POSHel s@owstds2, RPERE NG &@%ﬁﬁnﬁ%dﬂ?“?ﬁ&sﬂ%ﬁq {cht%&‘ expose
di rggtion_i.ndi d &

hougllgn% 9‘3?{3 a?r#:@%gwh c% m@l‘gaﬂi‘- ﬁ%ﬁﬁh%@egltq‘?@ oyment
1p or WRPGLIR 42 oFropy @ﬂ%@?ﬁapnr%e advatimgcgetipiey GQdistadyanced in the
col fiaption intheited e the droowndde This vall Zaude thodeployment umbrellas
POSiot &gfAnd hie (RS RS BRlBARHSSy %Oafréw§%én9 '16‘ shB%s the
C he i 911' Bihd %%ﬁgﬁé Bﬁb{%@a"%@% Beposd by AL mpRUR 5t the
o Ak b s e s g o Ao sl 645 s
18 x pbaeni positivhed addagihsgdran tthe ripoper | szes 4Re hoasingeshebth 605 is
di sidianeddtinQhe Gﬁe&thﬁt mdi-"datbﬂtl:l yite GRORIEHS 1B LBIIEFIAIIMS cover
tbgeg@g f@ ‘ﬁngd E’z{wa{l BE MR AR i the *131 Afight®
housi ng aﬁ SRR VISSt ﬂ{élsgfﬂi“&'cttﬁ% ial implant
i NOFUPROE ATy Qwea@d rtbma@als suppotiostrutp $36aef theo implaat/delivery
2b hesystepl ayayes00. irbi@) 17 Hrhdial ouppotttdtaie 836\lis pivotddbly attached at
deVitCBrofdudil chld 838k hdftte pitbiable jdift 8761 to theHcbratEATHRIA 610.

63810@3 I dJ[aﬁ%} |rp§’t§: ﬁ'ﬁt é:ﬂg C}-Lﬂ{i t{qulgg% 15? ﬂﬁﬁ@ & Seabmd pivotable

i npeEh o7 ¢ at mmt?meé@teswpb PP euling Tadiat ioplany support am
r adé3 Thappbal ingllanttsuppért iasm 3045 atthohedtat dis hdistahend 632 by a
2" Otkir@plvodible 64 18 thd Ecib chthier 630, B1¢ Ol NéhdWht streﬂﬁl in
Iagtzy %)éeﬁ%ta At %eﬁeéét%f'm?ﬁr Qa%%gt %lls §%§%& SEa'ily over e core
pi e HOYH6 U, fa ol St}spm sgpt §36 and the
c orm@gmeantgupm am 63 larerextended by theamotion 30theTiret pivotable
r adbimk GUﬂ'plﬂlambc(ﬁJ!dQﬁﬁbﬁbw "Eﬁn@mzl sndedheahir® $ivtable Soint 674, as

3[%1;]3%@%?2 7 By & 2?% gu ﬂ%@b Jeﬁ*e&t of/ f%mg the
a cq eéﬂ’@mﬁ{ﬂh@?gtfﬂ ﬂg\iﬁlﬂ’f@’t é‘?sfg ]j and 18),

\ﬁ&lﬁzéf@tg Hi 16t aphjeye diﬁegfeﬁ'%t aé dﬂ@mm ariop 1te, engggement and
shampldu;atmhas praviowslyadiScustddevitlarkifabnceup MIBS 15241!6t 636

and t heprGsadH ahd ROBhAP SR BStatls 6 1AL BRfEhAS Psfm shown

3§3y ggﬁ@ﬁﬁﬁﬁ ’Pﬁe 0 8?\»% Q’eggcf}ﬁ%éﬁtqflﬁggt }55 48 %@ éncludes a
cﬁst e mterme ate segment 682, and a proxn'nal segment 684.
The distal segment 680 is spring-mounted, so that it is capable of slidable,
telescoping displacement over the intermediate segment 682 io achieve a
seamless junction with the proximal segment 684 upon maximal displacement.
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rnn

30 shown by the arrow 678. This notion has theasghif6t 2007
of expanding the deploynent unbrella and fol ded

i mpl ant (not shown in FIGS. 17 and 18), allowing it

to achieve its greatest radial dinmension, prior to
engagenent and I nplantation as previously discussed
with reference to FIGS. 12-16. FIGS. 19 and 20 show
further details of the touchdown sensors 648 shown 35

- prweiend®1is n Fl G 12. The touchdown sensor @®é&®/usioosiozrz7s

FIGS. 19 and 20 includes a distal segment 680, an
t {
in WHEE%@&&GE@GQE @Ens%%@fiqg% &s B[)ﬁﬁéi I(rjldﬁ@o n?ﬁ:a%p%ng extends

Th

e‘?@ fipal ?éﬁﬂen& %‘bﬁ%fe)thaﬁb% F’%’é% cxfhe brighiafign hassin FIG,
t he f‘? 1(FI€82 &)olswmedvagaazst dbargedphery of an
j unznatamical mpemﬂge ﬂmpaoxmu 8o g84GT4he! PaRoF BG4S IBdompressed

dl S aﬁﬁﬂﬁﬂlstal At &80 Gb Wh dM@ 2804404 egment 6 680 and

h
i t s n mgor%z F%j}n § %ﬁ,ﬁ?rfs Ctga?)gr?ﬁgsh‘iaﬂ? Yo RF Prté‘FfW‘
segffli '@W&H P oPﬁ‘Eles@%Bi‘ Hevgvrstheiatennedinte segroent 682 is

showt qoﬁStFllC@d o1 goatinh evitht Mhlan';ﬂdtmbpf«.ﬁfﬂlB rhdtegal. J[ﬁ):refc&e when
seathe Mayegﬁabnﬁ ¢80 J@%t radRat 36 @ é@ﬁte i e tﬁ@ TOX

B ey el

g diffbmeting 6@@3@1@ il
r% i distad seerpens 68fhis brought
Bem ahéenm mﬂioﬂvstprumtradi segmem 1684s lne atuok dadiy-opaque
% miph w;c’iﬁegra%bni%ﬂl}e dnw:ﬂeh Aadr gl Qqé‘?ﬁ&&#ﬁ é@ﬁ&&r iflsaid to be
V¥ @¥ated™ This bift Q%Sq mohitoriy of the position of

0 G or..coa
1%3 tr{g% Ftéé{}chg%xé g g)nresp of the distal
at thster spgmeng @9} iy ﬂ@&l@bmbmemr@nﬂndm torth ipmedent invention as
seghewn, oxe GSforeatoochdoemgitfectdtp 648 ert @@blbyed 13CasBA RS it the
i nt(ﬁh s%\%nii ESREL r@ﬁgeﬁé dﬁhéé R focatel ih (1#5@3310%1&011 to

1'59%“5%’”{11 ﬂ % di St se nE(r(’I cture cannotb
2%63;”@ ““% it e 0 el A% o 2y :

doFosgoRy. 8p g@@@ardg@@qgaphlc procedures, such
ra@r@@ﬂeamwahl sjoulnﬂ sheb| athermnize  tiffcalbual dtien s&ae Sxhe, precise

Salldcah@athﬁ andaéﬂ @h@fl of Hd s ARAHTRY

I agiReicaRA afggpl fgorl ng of the pwnggl ti onE%?MI%%mper implant

touchdo%m g& r, 648 wt, Eli?gec o the degree of

ext ensi SHEBAOYH detprtors, withi prapo ‘%@'ﬁﬁ@rﬁ"%@@ﬂg t thenpresent
ﬁen%@ﬁﬁ%l"%é’@@‘? @i myltipbicith of femsse mcluding rihé oeleskoping, spring-

s hbvaded,améicospaons eletmcéﬁﬂﬁm sed Q@h-@icﬁo%gq@ €lement as in the

e”ﬁfdﬁé&ﬁéhﬂo@neés&&émglﬂ% 0 ! s ggyﬁﬁrée ﬁyﬁa §:0 esonance
po§“¥‘= 62 (OB i St porrdng o o bl ik afon may e

C SGRMANt @ff‘é:ﬁ&‘leérhch@mqj@l tieisegmoenimn alsimider telescoping,
30d| Spring- lpad@tbm-a)f iGsbleroembddimnests Geghydecs vistgihelavident system with

r atﬁl@gﬁ;ﬁﬂ@,l sprinpAsaRY reﬁnenﬁl\ﬁﬁh cOREbER dr iy ﬁ%af Rubfes for

oA S Ot okl L e s

@F]‘CZ ah %im o«fﬁi‘,o%p vsgan eteqtors Acrending tp I@p§ﬁnt invention
Tou@h@smcéépw@@etegtom piovided vd themdvooiwihes atatheip tigs, sgch that
35t ombhenfaresentact 35 suffictimt if@EsGRNcAIAMEted MULTebIRICAICE Mt and
of sib1§Bhe laBGYdhNGE Eﬂéetotusﬁcﬁﬁﬁp Bkf38kor 38" ths Gperator. Still other
touchdown detectors according to the present invention are provided with
fiberoptic pathways for Rahmen laser spectroscopy or other spectral analytical
techniques which are capable of detecting unique tissue qualities of the tissue at

:LLO
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| oaded, radi o-opaque el enments joined by a 29 March 2007
non-radi o- opaque el enent as in the aforenentioned
exanpl es. I n enbodi ments enpl oyi ng nmagneti c resonance

.Cc, imaging, touchdown detectors according to the
present inventionh may utilize metallic segments

i nterposed by nonnetallic segnents in a simlar

tel escoping, so spring-loaded array. O her

engedbdiRiss | NCl ude a visual ly-evident syst e%%g)osmznm
teI escopl ng, spring-loaded el enents WI t h col or-co

f eat for in
I N AR T—
St itp [the prasemt léﬁmitﬂmnhde (tf)utthdawhd’rﬁmt@tetoentaunsg electrodes or
ac eatiedi elgtroict feBsdt eagible bﬂ&&@éﬂr@bndl dighdliele the e Rvhen a
252 Skl ORI B8 ot (G Blead %‘ﬁ‘ﬁ? of the
S U isdR Y BRI (S Biopet ol tigp Supe dlygirophysiotogic

acttﬁmilsipwn detectars e Hadwde ddeddealr Olf@utsh hag pprogues . visual,
St iabllitadyher othtosigivdotanthd epemtarrthatahe detditog droadthated and that

pr eﬁéeﬁﬁpwﬁt\i@ﬁiﬂhe@r@feﬁ odift ﬂﬁ%wﬁﬁbmf i beroptic

th th

Ppect rab s 5?’2%"’0@%5 s il 18 e brefnd Jventign, other
10g eﬂ%%%q 2FHaq AT &ﬁ'@aqar diag, amagiag j techozquss mﬂgdmgs Weneft limited to,
29DMHH@HHQQOﬁﬂﬁﬂﬁmﬁdp4mﬂ$§81ﬁmﬁﬁEwUSﬁﬁﬁﬁﬁﬁﬁ727ﬁumlh&mﬁonnc
;béﬂdnﬁxgts?s&ﬁ{s bﬂ@ﬂh@ﬁhﬁé} gifd techRiqaélinal B8, endilbydd tooconﬁrm
Fpe BB @%ﬁ A B B AREE T dhe JA AP Somsorns

ot 38 Prei Bty esdensors capabl e of detecting and
15si gnal i HES Bé-Spehew on intplant F00dhesonding; to one embodiment of the
el eedsenphiyehifdn gh thisi sniesthmesnt, tl&f iraplaey ba@am @bbsndlike and
quﬂek{b\fe Of'hr&@@u ﬁ‘m %F s qeﬁ % o{nglaglﬂ)g f;mog‘f&%ﬁ%th a

ant at.l on

o PR PE. TREPTPR PR TV eetﬁdt gﬁitqgﬁ lssegert
vi getemtion, andiraneawpl ofthe @P’Wéﬁ EJegn:@ﬂ@t body ms 8 plaogroyided with
20t hah ddiustaihbs eetiond 15[ w hivhi isyaveided i thisatcampleew ithial ssties o f

IS 2l sﬁﬁb%t @fdf;@efzopﬁbtddﬁﬁméﬁt s&s &Fﬂiﬂﬁﬁ& be! ﬁotxehme% Nffents,

.629? (s ) iled Sl o il iRl P 5 alow
i n&egeRg admgtment of @wmﬁlant 300 in yge. Avdbe grabodiment shown in

ul H@So&h@‘l ﬂl@cﬂ@&hﬂﬂﬁgnmsrﬂﬂraes emgagee by\ai geared| connector 725.
25aN @@L Cis mdtm@ml dl'ﬁw%)/gsﬂl@ rﬂhpla@f b@d;hﬂs EFRetl BWitself, with the

teg_ DS Ry 1 ﬁ’e ! x?e)ﬂ%? 14 W atl nglft;gé Q@é%lopﬂst%assmg

It1gni.n
D o TR S Sogeesinsat xath the, deatrd) comed d ouryingsisternally
211*2@1% Hvinamant hoids 05 70 forn aiorlesedg rqtmdmo@n@daﬁwaﬁtshows
of details qff &5 ertmplare gtired. connedttr 28 evhignt, héddéng 730 is

30 nebﬂ{&teaqumZ% 18t Dad 7o er@é]ﬂousflﬂ 30t Butaill ok Rpports a
e it B bR B A 1 8
or ﬁwédgqasef herd 1155 Thsl aecond ngearedr deehtTd8nis akgrhed to an
r e adyustiment steime/ @@vhlclew thichinedib aexeiteariscret@drives-lkk adjustment
pr eiéhidael The Kardbnsd BrmBEdiuEhRDh&ofdEs 110 Nthé IpresatbiifiVert®n may

asPr péffuﬂ@% Ifhabdd oF SR Edjﬂéﬂ%n?elgﬁ&[‘:ﬁtg Sttt present example, the
adjustment element is provided as a finely coiled wire with a distal tip machined
to be received by a receiving slot in the adjustment stem 760 (not shown). The
relationship between the distal tip of the adjustment element and the adjustment
stem 760 is mechanically similar to a screwdriver bit and screwhead, such that
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adj ust ment stops 720. The adjustnent stops 72028W&rE€2007
slots, holes, detents, dinples, ridges, teeth, raised
eIenEnts or other mechanical features to allow

measur ed adjustnment of the inplant 700 in use. In the
enbodi nent shown in FIGS. 21 24, the adjustnent stops
720 are engaged by a geared connector 725. 25 FIG 21

is an end view, show ng the inplant body 705 curved on

| twwBhiosnidkish the retention barbs 710 to the, ]
and wth the adjustable section 715 passing ?ﬁﬁ@{obszd'mm

|ts engagenen h the geared connector 725 and
cufUFiRg AEe &mfi} agystnent; means by g opFaler 7wtl yesult in the

f ofurnimgoifabe ddjustoent! steny 760 and sechhbGge@sd dhal\d55 dBows hetion
of oﬁﬁh@%gﬂ)ﬁ@dﬁ% ng%ad ers(C gﬁﬁﬂf&@{ ngQSWh?w ﬁﬁe%%l of the
Hau bl 3 e&@ﬁl}”% €8s ‘e ' Wern) Y tHe’ Jeries of
The ].hou3| n i)/l nt al SU

S 735 e aaht s Lol e aan T8 s o
mabed ot A3% Fis aﬁﬂdﬂ@é allowingethe basd to Tnyeswnoenirically inside
ge&reeﬂomaﬁhpiﬁﬁ body F05aThe ddjustndt cRjeut i edbediméiDmay
Vmb@ hﬁéé%’:é?ﬂ%l} ih ‘i)lﬁc%gaﬁe}‘ ﬁaeadﬁ? £ hfﬁﬁfella'ﬂﬁg (I:)e?n retracted
F opd il 166 ComecHOR befiees dhe AdlpSmentclymenics disfal B and
10f othesaditstmgniustere 760 anashrbatas simple dfhetionr ecnagetian, meéhamcal

t hiey/slo] fostaaior, oe haybetmagheficallyi cteitctronieally minyameﬂ | ed
vwe(r:g ylgéﬂ fﬁrtﬁia'rsf.lﬁiwﬂ '1ﬂaFR§hQTe%e tdeRf] age Bt Smploys
- 3““?‘8%’1’%5%?}}“& nBHFoE 240 HbicHre o 10 the Bhyet Pem?efef of
adfhgs "Hegy retarehioig parbs d it are sqr@meﬂsm p cconsistent,
15 e tdngentizd | Jopition nwith respech ts dree:mpla.wtebodyl 705amach that rotational
SCHRoRY th ;J]aﬂtl'%ﬂ will efifler\iigh, 3@&76&3&@6%@%&&49&%@ 710

q% E&Q%ﬂlt%ﬁnztﬁg dtegl%ds ﬁ%‘ﬂe a{THl%r e of %?E%%r Jn Thzlé ngﬁomng
t h@ rg :’P%‘hg

iR glé%ﬁ?a ‘be*‘&F‘%I‘% ‘48 imglsmt 700 by
al tturmgrthﬁ inplant5100tupenfitsraxis, fuarcogagiemthe 76ignBonibavbs L0 into
20 74the atliceht feseal & sh®ih o FUG. 24)ahe addintivhadres 71Phagteach be

se P pfd A wh p75e e L v?lﬁ %u‘f% aﬁow for

%IPsttﬁré’nt t °'°§gt2 ﬁée%@ Pb P gt i{heﬁ e (s $10 by
t hmia@g B mgalamem&amthoyt ipsxraltigngn e nimplang) 700 tmmt@te in the
t hepmisits ditectignl, bedaukodf théGitiod bé thedpmshaldnioke 7@fgrdsping the

25t hbl&:cﬁ{ﬁﬁﬁ@ t'iﬁ%ﬁé ﬂﬁéh 118 b&i®Sd 9RE thobks) ! ERBicRnir] Bbél&‘sews thus

o PRF Gt %rﬁb&qﬁgﬁ%mﬁf@ﬂ%’aﬁ&@? Rt

eI errtentmgsdli’é‘gl7 ﬂ‘ﬁtr%tﬁda%ﬁh?%é’ mbefimanteof 28¢ é‘ﬁP}FB
magoriemplatsidnasicerding ta thenprsemtdovéndron. Therdmpbnt 840 mcludes a
kepdifd 805 (FIGMRY), Bt tH refiAYioR GaftRBTehd fRivichs @kam le have been

e' S\‘F ) -ﬁ{%uclﬂlﬂlu%/or%?'aﬂtoﬁ't q?rbeéx; E;EA bﬂ{xttsﬂgz&h %ﬁ!@"”&é f&b Cheath 810
1’I0

" EEDY BB ST fiye

F‘P%t HhssEe Ph@ Eﬂf ocation.
peﬂhmr@nm&renqeh ef ithe lienplan hpdy 7880 ixredjustede fhrpegh a geared
bachmedtdbd 826 similirett @k peared @omsscairecrﬂ the Ilﬁntlﬁh@ emplaat array
pogotmgfn \mh%ﬁ eﬁﬁﬁffsgﬁag%w Fiﬁ 5%;1?8 band are
a < WQ & ad 850, The
iﬁe : %%glaéd 5?31 fnatesg“%h a‘};%:onga{;rgﬁid Hﬁs%%he second geared
‘head 855 is aitached to an adjustment stem 860 which is machined to receive a
screwdriver-like adjustment element.
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upon contact with the desired tissue at the ti p®mikch 2007
depl oynent. This positioning of the retention barbs

710 allows the operator to "screw in" the inplant 700

by turning the inplant 700 upon its axis, thus

engagi ng the retention barbs 710 into 20 the adjacent
tissue. As shown in FIG 24, the retention barbs 710

may each be further provided with a term nal hook 775

atywd Mea619de Whi ch woul d al l ow for smooth pasg
t roug?w tlssue when engagi ng the retention ba@%ﬁsz?(?gmm

rot n e 1 npl ant 70 thout perm ting t
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ti usin ﬁl tc
analtgap tag ecocar ograp y, or other modalities for assessmg rm tral function
may then be employed to assess the physiologic effect of the repair on mitral
function, and additional a djustments may be performed. Once a desired result
has been achieved, the release elements are activated to detach the implant from
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fully distend. At this point, the touchdown debgeisp¢52007
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0 R PRI R S S Bk iy on
f off her physiol ogic adjustnment. In yet other
enbodi rithes embodimgntse £ thetadistablsionplantninshmetheds g ccording to
Nt Eﬁﬁfﬁé&%ﬁg@%ﬁm? T e
cf‘ph'ag e HSn Qbhic as hageal
ﬁz nunc uﬁ ”Jde%ha nPei( tone ot Sr%%é‘lﬁ' the FRfHLL %k' Stomach
contents into the esophagus, causmg classic heartburn or acid reflux. This not
only results in discomfort, but may cause trauma to the lower esophagus over
time that may lead to the development of pre-cancerous. lesions (Barrett’s
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to operator, and may be provided w th nmagneti Cog March 2007
el ectronic, electromagnetic, or |aser-guided systens

to all ow docking of the adjustnent elenment with the
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Ut i p y gy further be a structure vmh an outer member an inner member, and
optional attachment members. In such an embodiment, the outer member of the

35 implant body may serve as a covering for the implant, and is designed to
facilitate and promote tissue ingrowth and biologic integration to the native
recipient anatomic site. The outer member in such an embodiment may be
fabricated of a biologically compatible material, such as Dacron, PTFE,
malleable metals, other biologically compatible materials or a combination of

19




5 the devices and nethods according to the presgmarch 2007

i nvention, an adjustable inplant would obviate the

need for a hospital stay and be perforned in a clinic

or gastroenterologist's office. Referring nowto FIGS.

29 and 30, an unbrella deploynent device 600 with

i npl ant 645 is passed under guidance of an endoscope
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be cqpa@l &/ebf Otheto \FmRodEments racceiding rto nthe- presept dnvention, the
adj as5esiment negans mayrdofriprise agnare onpursevstrinp+likehredhatigm in which
20 h t@& isomkgnd taady ameyrel bf tdRdr AREOLRkCRkK, %Fz%&&ﬁ Qrt Hcgrﬂéraided,
na i LE S r proyvide
in %@ﬂlﬁ%ﬁg ténd fg rmt al? gag)%%l?o%fes! :EEQ! gn%? glep%?%{?laﬁ? and/or
of RNERHG FES R G &3@ APIARL(d6HICE @y ¢ LAty aBgtopyic gpeipient site
30 WeBoHIIRg tlensean oh amqitonsiemarted je saidowire torefibarpitamture by a
bodyrgeay dreothers opérdiost BucH ui exdjusithén @ndas ky Gkhgbvided as a
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st r uct Ubgaiephemhodiments a¢eerding to fie preaseat inventien, theypdjustment
optineana| mejt bachmestellioe phastie,. synthesics natarale bivdogiop ot ,any other
tgﬁiﬂbgﬁqilimﬁwé tolkerigh bﬂ%bﬁxﬁinaﬁ?ﬁﬁh@ﬁ;t‘éfﬁ SutR Adffudtment
of B Gl Turtef DORFed B eiudh o iy ﬁw%%gtschnique&
| nERGIT 6T (OYGR. KRShUEore, dp | HOHE avhacimpuis ok de present
Thénvsmiier, the Adiustinentsmeansamay b saiostnor mey inelude slots, beads,
f alridgesbednybther smedihot txinbryd safieat i bl e material, such
as_Dacr@ari i mbodfh8 U o ;%!gée%{ AvofidiE ihd g RiAktoaY ay be
SO PRBIA Gl e it U s AL B ek or penins
or other attachment members to facilitate attachment of the implant to the native
recipient site. In alternate embodiments, the implant body may attach to or
incorporate a mechanical tissue interface system that allows a sutureless
mechanical means of securing the implant at the native recipient site. In still
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WD 2004/ 019816 PCT/ US2003/ 027278 such bi ol ogi eabdarch 2007
conpati ble materials in a nolded, woven, or non-woven
configuration. The outer nenber in such an enbodi nent

al so serves to house the inner nenber. In this

enbodi nent, the inner nenber provides an adj ustnent
nmeans that, when operated by an adjustnent nechani sm

is capable of altering s the shape and/or size of the

OULEhooiid@r 1n a defined manner. In alternapgrysieosnrrars
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or o the adjustment means employe
In yet other alternate embodiments according to the present invention, the
adjustment means and/or the outer member structure may be a pliable synthetic
material capable of rigidification upon exposure to electromagnetic radiation of
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I ncorporate a nechanical tissue interface systeowdiadt 2007
al lows a sutureless nechanical neans of securing the

i nplant at the native recipient site. In still 20 29
March 2007 WD 2004/019816 PCTI US20031027278 ot her
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the native recipient site and the bodily organsy®arch 2007
which it belongs. In other 35 enbodi nents, no speci al

| ocki ng mechani sm may be necessary due to the nature

of the adjustnment neans enployed. In yet other

al ternate enbodi nents according to the present

i nvention, the adjustnent neans and/or the outer

menber structure may be a pliable synthetic materi al
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distending, reshaping, or allowing the independent dlstensmn or expansion of

such a prosthetic implant at the desired recipient anatomic site. Furthermore,

such a delivery interface may provide an operable means to adjust the distended

or expanded size, shape, or physiologic effect of the prosthetic implant once said
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30 Adjustnment of the adjustable inplants and tbhemarch 2007
met hods for their use a s disclosed herein

contenpl ates the use by the surgeon or operator of

di agnostic tools to provide an assessnment of the

nat ure of adjustnent needed to achieve a desired
effect. Such diagnostic tools include, but are not
limted to, transesophageal echocardi ography,
ecwocemdisseyr aphy, di agnostic ultrasound, 35 pCT/US2003/027278
i ntravascul ar ultrasound, virtual anatom c positioning
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I n various enbodi nents contenpl ated by the prese¢March 2007

invention, the delivery systemmay be a catheter,

wire, filanment, rod, tube, endoscope, or other

mechani sm capabl e of reaching the desired recipient

anatom c site through an 30 incision, puncture,

trocar, or through an anatom c passageway such as a

vessel, orifice, or organ lunmen, or trans-abdom nally

or Qlaim§ thoracically. In various enbodinents

according to the present invention, the delivery

systiem :

Syokom ey ganBbe %’é’éﬁg"ﬁe{‘?@ﬁﬂ hitine SHSURIPHES ¥t an
anatomicionfeteadriumed, caonprigingt prost hetic inplant to the

desired 35 recipient anatomc site. Such a delivery

i nt '

r esLisAEnEBle ARANATR L RRRT, Trdthber taRGEk G adjst the
dimengiomsios me)fmptamtebleaquﬁcys tﬁcelmp!anwbleedﬁvu&t cdrﬁgu:ﬁtsﬂorim:l

I ept anat nore, ., suc I|ver
couriiefr & st g0 BPvce it Brodints Beleaat e briahiatle whREY o
- tsss@te%trsmfdn aﬁéto%’ﬁ@@ﬂﬁ@éjoﬁm?rﬁan ghape, or physi ol ogl c
fect of the prosthetic inplant once said 23 29
Mar ch 2007 WD 2004/019816 PCT| US2003/ 027278 i npl an
hasArha@Hstmen éerl gontigwed to a@t@%tf@@,qwséablﬁmrab il
pro@i%@tfef%@uéﬂnﬁe,‘-ht blefbre,VdUrinngﬁ SHE Al gﬁélhﬁm?ﬁﬁﬁ’cfedémmbﬁ
he present 1 nvention uch adjustnment nmay be carried
resunes dgar ngrmaietomponelonhy@lqlcrgmfurmuonh@d mpl ant is
pl aced, or at a subsequent tine. Dependi ng upon the
1y O .
SP it AR PSR BeSRERAS b PRI
mpkarrﬂhlaletdem:p tbeprowde thaj tite incplanizble devicautar be hdjusted on a

beqtHE BT s et iared b RBrbls asus ARt of B8 TREi7 a8 siyice to

causB@iid leBflettdd@ptalioAst hetic inplant may be a solid
structure, Ipe in yet other enbodi nents the

prosthetic i rrpl ant may forma tubul ar, conposite, or
ot herw se hol | ow structure. in In one enbodi nent of
hey pr eﬁ?@t.mgwrﬁ%lb%vscbfac st h&&h&d r%mg may
further e tructure vv|t an ‘out er an inner
menber, and optional attachnent msrrbers In such an

entfoi@istaning membes thatinaledesca piralitiof padstaréending ffgmath@
RS RSP0 B b ol B, A o
and b| ologic integration to the native recipient
eiba e FEAbIe HBVCE Y Slait 2. SISO SHef Ryp barbs s

 origh®EPRi 4 Bir6ctioRl it Aspestteihd impRAtdMe dEViEE o pRivIdRaRhEE
metals, other biol o&;cal |y conpatible materials or a

 rotationnl matipn af ke inpantahle deyicedn a;ﬁrstdirqsaon sngages beirgtention
baer \nfi’thqﬂé ?il_%glred\ﬁé/ ﬁﬁcﬁ r&gﬁ%N% \fﬁ&lot‘hotgff thé %@%h%k? Jgﬁce ina

al so Sserves
dlrdmtluls epphaate torthe fi rsi rdirectiont diséfgadesstherbtedtioe barbstfhem the
r _menber provides an adjustnment means that, when
desﬁﬁ@ﬁ'ﬁf"é‘%‘ by an adj ustment nechani sm is capabl e of
altering the shape and/or size of the outer nenber in

a defined nmanner.
4, The implantable device of claim 3, wherein each of the barbs further

~ includes a hook at its free end.
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In some enbodi nents according to the present 29 March 2007
i nvention, at |least sone portions of the adjustable

i nner or outer nmenber nay be elastic to provide an 25

el ement of variable, artificial nuscle tone to a

val ve, sphincter, orifice, or lunmen in settings where
such variability would be functionally val uabl e, such

as in the treatnent of rectal incontinence or vagi nal
prol apse. In various enbodi nents according to the

pr esentThe Wpahiabie déhice Betlaven ywhemrirethbdastenatmentiay e
an attachnment neans to retain and conv

t he

incyidesancayter fabdc sheathiroverng Biaigniantabig e Jaronahiish

suf BArfHs R%’c&& t@&‘ﬁ’l] uFlfHe e Eﬁamabue debicd t@ﬂiéiﬁééﬁ%rﬁroﬁﬁd the
e prosthetic 1 nplant on has been placed by the

an@@@u@pnﬁmamﬁuﬁhnan attachnment means woul d be operably

reversible to all ow detachnment of the prosthetic

implant fromthe delivery interface once desired

pl aéen®hé irapldntadil u@tnmot claim tt hwheretrsthedhstenengevdcd

. _has been C lish i nal | it owill .
incligs AR UL Ao s pascad argansttssperintiery ot Mo mplantable
de@bscl osed by way of exanple, and that other
nodi fications may occur to those skilled in the art
W t hout departing fromthe scope and spirit of the
append [
o ant 05 P A0EBle. S o RS oy G er R et péFlor the
implantablef daviaecte thé tissue amaind rtlhe anatofnlc erifbze drdmeen.
conprising: an inplantable device with an adjustable
menber configured to adjust the dinensions of the

I Mpg.anTRS IrfplaAtabRedevie of FRINA! RRéRIrfPE FEmMERiS bed resde of
"to be coupled to a fastening devi ce t hat provi des

a majstialivhien t?fSLlfﬁféeﬂtWrﬁoéfrﬂ’labﬁ §Utﬂk§% rerbep! aqesdstbtwgartbend
I
ke B o) SReRling SE kAR Rl délile to the
t:squeoamdedtrwarwdq)mﬂmrﬁ"medyétﬂmee durlng or after the
anatomc orifice or lunen resunes near nornmal to
nor mal physi ol ogi c function; and wherein the

adj glst Thé impraniaele d&vigef élaﬂﬂsdmﬁérfewpﬂhél‘gﬁ?omme’lé IiMEluEl® tabs
t he qplantable device to provide that the

compsachefamaterial w@&hdaﬁuﬁ@les@y §oftdhptSnsufureseast 'Pfh glasedr t

v B SR o PN T o e A e

to tha'pllsam abiueddb@ apatoofic orificerodlunfam t her conprising: a
fasteni ng nmenber that includes a plurality of barbs
extending fromthe inplantable device for engaging

t hem | SPLinglantanet desviceeft Aie6 Ohhdreetheigromifiils maude
i mpl ant abl e device of claim2, wherein each of th

| tabgafﬁwqf ge fofestheyghiwhich arsidresanie mae%%a@%thwhfwh the
undegfﬂ}rﬁ‘ﬁs%%% dRMk g%ﬁﬂé}\’th&% deliftle 1ot AdIRNALURBHAON

|nplantab evice In first direction engages
anatbmic eifeetardumen.

11. The implantable device of claim 1, wherein the adjustment member

|ndudesconugaUOns
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barbs with the desired tissue, and rotational mRMHER 2007
of the inplantable device in a direction opposite to
the first direction disengages the retention barbs
fromthe desired tissue. 4. The inpl antabl e devi ce of
claim 3, wherein each of the barbs further includes a
hook at its free end. 25 29 March 2007 5. The

i mpl Le devi f .claj wher ei. he f T

ronder {HerubEciaHe Sevie 8 ol o SR 0Tl FipRfevice
indlutdscaiienttingtkections oheortigfativhs ahd geomhmeessgatedzround the
s eI o 1 e or L 6. The- |

i mpl ant abl e device of claim1l, wherein the fastener
device _includes a plurality of grommets spaced around
t he1@er Tha énplaptabledeyies phelaib 1 ewhegin the implantakle device

ind RS hARNP B bhfod It o M e 1 SN fiferspaced
snidoth amdtomugated isectionsadispasedraroénd ith eircumiesericeh Wwberein the

meg o e imaneirenicd aanb hetenertio TS uiR rSua &n
anB®Mt aafck SNUAEIINRise8tRETRIe FaRy bliffieieally 56 such that a

under | %I ng tissue to anchor the inplantable device to
sulupe can pg passed Buipkgh the tihaepdinenee thrregh gie undrstyingdissue;
RS PR3 B Soc S e Pl YOREERS Ay
adjustreeritfof thedrduymfecdricetdidibe dmplaniabde davice droph adiest
nd through the unde

th h t.he tab | ying ti to.
cirpIRITNGEE A FHORR AIGHRTRIE e SompSes, helqordigitel} Siptigns: and
whiehéin #aineahs agsddiated vath the®iplant@ble diRide el Atirthinihg the
device of claim®6, wherein the gromets include tabs

implggabledevice dhedirsticireumieranse ANd upendhe impiaKablsdevie
beﬁagrgqoiﬁgubfcgfhg%oh&‘ BircOtffFEnc, Rsh bRtk e HnBRIALIE

evice to the {issue aro atom c
dewce iri the secohd eiroumiietenceheomprisesrihalsberudaigdcectiong baingn

. er el he adjustnent ,menber .includes . .
sutigiefiE 5 Bt SRod ey ThiRBlacIE H8its i Hghatffiva ivep gppfiguration,
it wiliEneleo @émelrdinhé giveheloafigurialien wrehaittadbigorsiBy neenal

i ncl.udes alternating sections _of corrugations and

- anglppligdareessaibe selactthanataric grficeidvmeBs t he
i mpl ant abl e devi ce. 13. The inplantabl e device of
claim11l, wherein the inplantable device includes a

- hol 14w t ubiwe implantabierdayicerofataio brwhstaindhetimplanibble device

iy SRR IO Ties BTN ApBRErBRAIRER Bl M erspacee

smooth and corrugated sections disposed around its circumference.

15.  The implantable device of claim 1, wherein the adjustment member

includes teeth engaged with a gear.

16. The implantable device of claim 15, further comprising:

a wheel positioned tangentially to the gear such that the portion of the

“implantable. device which engages the gear passes between the gear and the
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means by which the inplantabl e device can be f agt\esred 2007
to the tissue around an anatomic orifice or |unen
conprises the tube being sufficiently soft such that a
suture can be passed through the tube and hence
t hrough the underlying tissue; wherein the neans
associated with the inplantable device for permtting
adj ust ment of the circunference of the inplantable
Whﬁ?bice froma first circunference to a second
ci rcunference conprises the corrugated sections; and
wher ei n_t he means associated wth the inplantable .
devilée B imaiantabledayjce pEclaimibawharsin thegsards meupigd in
ﬁx%di FesibticH {0y BE&IraNG Rl GFife iHﬁ%!ht&!ﬂ@ deVRleaBh @tV AeSormed
el ng adjusted to the seco circunferénce, for
adjagent therfirsigendngf thepimplerddlile dedieei ce in t he second
ci rcunference conprises the corrugated sections being
sufficiently stiff that once the inplantable device is
- pl aged i Thairgplgataboddvigriofdlaion15, whersir thetzaidstinent tool

. repmain in the given configuration en acted upon b
*nc.'\teg[%a turging dPe forci Elag Kte gers fearm g?%f%ﬁsmﬁ from t_¥'e gear
to QdeFA%eClﬁaPé c{r%igﬁférerﬂée Oﬂ@ig irhpRhBH &AL AcE @Yk 68 ugﬁcgevﬁér

erein the inplantable device 1includes a
closutseof surgiedl ineisionamnd mesuraptiarhelfiieysidhegieal flowrhaugy the
.} ed snooth and corrugated sections di sposed
onﬁ(’égogr;@ [ %S circunference. 15. The inpl antabl e device
of claim1l, wherein the adjustnent nmenber includes

teeth engaged with a gear._ 16. e i npl antabl e devi.ce.

of - Haf i BemplgRes oot dRin T e Medamineieiee is
distRga§EabIa b the ddae aftéPoraipietion bRbdjubenditsti on of the

i npl ant abl e device whi ch engages the gear passes

bet ween the gear and the 27 29 March 2007 wheel. 17.

Thew] _ . : .

T2 ARHARLR SoP S T e B imoer
indudesaniveirh gedr \aindean enphgehent detice avapledrwithda fiest ead efithe

. the fjrst . f the inpl antabl e device. 18. T

mpiagiaIA SeIEE e ehgadite b WP Boer sl LR retiondl e sear

eff@8lrelative hidﬁ_@ﬁneﬁt b&sNticRAt fileves® of e Irh';ﬁlahiéﬁlet dl@/i&eéﬁd a
froma location renote fromthe gear to provide that

segpnd end,af becimnlamablertieviopdp adust bcigenferencapf Bie

imAghtabldevitd ﬁBm é#i&??i'&&n?ﬁeréﬁe% edoﬁﬁ'cﬁbﬁﬂﬁer@ﬁ y
resunption of physiologlca ow through the ~oritice
or lunmen. 19. The inplantabl e device of claim 18,

wherei n_t he turnpi devicg i S i sengaggabl e fromthe .

oot Vot ThF TREIBRLIT 4V SEelptn ol RFELRERE Witen OO Heta irt
angleB|gRar AL afiRy HERerPénd: |andMhdlud¥d 8 'shbft it BEs@dblaGoMethe

menber includes a worm gear, and an engagenent device
wopp geae @andiheming & secondanglast geardead il adfirshendtheesaf e first

i . t i .

- and Secoane] patn R RABEl SHERIIT R PE e Aoflioh i the
shafhdrivds theevompgeart abl e device and a

22. The implantable device of claim 21 wherein the adjustment tool
includes a tuning device for turning the shaft from a location remote from the worm

. gear, and provide for an adjustment of the circumference of the implantable




second end of the inplantable device to adjust 2eMarch 2007
circunference of the inplantable device froma first
circunference to a second circunference. 21. The

I npl ant abl e device of claim 20, wherein the worm gear
has a first angled gear head at its driven end, and

i ncludes a shaft in offset relation to the worm gear

econd ,angl.ed at .a first.e
defite ABY CIOFE o EHGHEH HAiGE: I estEieR st BrsibRoisa fow
thréugly & oriflegr@irng@n.t o provi de that rotation of the
shaft drives the wormgear. 22. The inplantabl e device
of claim 21 wherein the adjustnment tool includes a
tunbgg $RYiiflahabld Y6Vt &t 2BAlherb b 3HLRAA B tuning
renote fromthe worm gear, provid or an
devigg @se disengageablesiremrtbe woemﬂmr afier coropletion ah adjvistnerds.
29 March 2007 ‘device after closure of surgica
i nci sions and resunption of physiological flow
through the orifice or lunmen. 23. The inplantable
device of claim22, wherein the shaft and the tuning
devi ce are di sengageable fromthe worm gear after
conpl etion of adjustments. 29.

29.




