Bl ood vessel prosthesis and delivery apparatus The
invention relates to a prosthesis for a bl ood vessel,
and a delivery apparatus for delivering the
prosthesis to the blood vessel, particularly, but not
weemssspasl y excl usively, for use in the treBEHeRR0§p03274
aneurysns or dissections of the bl ood vessel .
Aneurysns are pernmanent distensions of the wall of a
bl ood vessel, e.g. an artery, which disrupt the
haenodynan1cs of the bl ood vessel. The aneurysm may
halt the f|OMIOf bl ood at certain regions of the

bl ood vessel, increasing the risk of clot fornatlon
which may in turn cause cerebral enboli.sm
Furthernore, a reduction in the structural wal
integrity of the bl ood vessel may occur, which can
‘cause a reduction in the effectiveness of the bl ood
vessel and put a higher strain on the heart nuscle,
increasing the risk of heart failure or vesse
rupture. Dissections are tears in the bl-ood vessel's
intima or -del am nations of the collagen/elastin wall
architecture of the bl ood vessel. Dissections can.
result in a false lunen, i.e. inner cavity, within:
the bl ood vessel. The fal se | umen may provide areas

i n whi ch bl oogly&RBsPARbsthebifiaide@ivem @pdatetusr | Sk of cl ot
formati on and subsequent cerebral enbolism Severe

di ssection may even result in a breach of the bl ood
vessel integrity and possible bleeding fromthe bl ood
vessel e.g. into the thoracic cavity, which may cause

death in. o)
e i glon s SRl 36 5 o Blsste T acayspmprs orgeverpa e
prosthefs 1the HiESEQBS pAtdiaRf) BM M HETesiaiy ExtIlEvaY) g Ligsih the treatment of
resection, - renoving the offending tissue (dependi ng
aneu@Emd chansmcﬁcambfﬂm‘ biddderestalnage to t-he bl ood vessel), or
the insertion of .a tubular prosthesis or stent grant
within the lumen of the bl ood vessel to renove the
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AneuREe 36 PHT OVI aenD ynani ca conpat | bl'e " condui t
haemBWnaﬁuB@of&He%ib%@@és&e} Otfhe Bhé¥B@m nidly aattifef@f Elb@ at certain regions of
traditionally nmade from Dacron_(r) or high density
the bibted webseh infde sty dhet ris bising fo(rRAETEWhictMp#ydn juecaapgel oprebral embolism.
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réﬁ'n &Y erations can therefore be conduct ed
mcreéé!?ngﬁ{enlsl@&%ar@ﬁl@%s&b&fséﬁuptlﬂ@d cardi ac arrest and/or
cardi ac bypass procedures may be elim nated, reducing
the overall cost of the treatnent Prostheses and

~stent grafts have been designed for sitionin
Dissepfjongare farsghthe Bigedoieesehy mmao%ﬂe’e‘a'g%nssoQ t %!'Iager“ee ‘8]1“%"“'5 n

iR P g YAGe. ﬁ?ﬁ%%ﬁ%?f%"a%@%o%‘gﬁ%T%‘é@%ﬁ%‘@” caTwitin e

blood%&@llﬁ%%ie S TS AR BfeadiB whidBBIB495 oot insekrxhe risk of clot

furcated prostheses/stent grafts for positioning
fonnapmn e sitsyquant cerabral dribalismh Séverecissection rody eb’?fé'e%ﬂ"t Pr eaFﬁ gfthe
prost heses conprise a main ¢ br anc

blood ¥eselifiegrity,antd PF&P'H'@ blepdinairarhg a%"??de%?é're%l%@ﬁ oo by, wich
retgﬁ Fggig %e t?{anch conduit. The main condU|t

may qayse e i) B Focate within the aorta and the first
and second branch conduits are designed to |ocate
within respective iliac arteries.




.Journal article: Klnoue et al., Aortic Arch
Reconstruction by Transluminally Placed Endovascul ar
-Branched Stent Gaft", Crculation. 1999; 100

describes a stent graft which includes conduits fru
wonbismdeanches and a methodl of introducti OrRCTIGE2007/003274
proost heses/ stent grafts described above are
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device I's na hr ough pushrods or hypot ubes which :
- tubulBBglostetis iGstent dint ditivn 1be lufneo ofitike tdars ivergel dnrembedizet reechanicain

position. 3 Notably, none of these .prostheses and
 loading @vihe damapedsblood vesspiavaliand tg ewd%@@e@ﬁ@“?wﬁ'émmpaﬁbﬂwnd“'* for

i nt end a Late for,
e (5P PP St R R R BB 8 ol inenin
Poly @b Fod)RNE (FTBE) aortic root” meets the right and |eft
° coron%ry ar%er?%s whi ch feed the heart nmuscle with
oxygenat ed bl ood. The anatomy of the aortic root and
the coronary arteries is conplex. This location is
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region.o e ascending aorta and the ri ght and

may BOdlimimaiey, redutifg the sverdiitestappatadtmist. conpri si ng: a
“prosthesis conprising a main conduit arid first and
second branch conduits, a first guide mﬁre'for
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vessé?g F@ é@on?ﬂ%hlch the blood vessel branches. For example, PCT Apphcatlon nos.’

WO00042948, W003082153 and W005122957 and US patent no. UUS5984955 disclose brfurcated .
prostheses/stent grafts for positioning pnmanly at the iliac brfurcatlon of the aorta. The prosmeses
comprise a main cond uit, a first branch condunt_extendmg therefrom, and a removable or retractable
second branch conduit. The main conduit is designed to locate within the aorta and the first and

second branch conduits are designed to locate within respective iliac arferies,

Joumnal article: K. Inoue et al., Aortic Arch Reconstruction by Transluminally Placed

Enddvascular Branched Stent Graft”, Circulation. 1899; 100 describes a stent graft which includes

conduits for aortic branches and a method of introduction.

“The prostheses/ stent gréfts described above are generally sited percutaneously using a catheter
delivery system which allows introduction to and guidénce through the vasculature. Control of the

device is made through pushrods or hypotubes which can extract the device from a casing and locate

it in position.



a second guide wire for inserting in the ascending
aorta such that it extends through the ascendi ng

aorta into the left coronary artery, wherein the
prosthesis is arranged such3that: the first

and second branch conduits are novable along the :

first and second guide wires to the branch re n
No&aeu none of these P(Cﬁ@e?eﬁ ﬁgﬂtsteﬁr Arfesrer BB AR PTG ‘gﬁf& ingendse for,
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coronary artery, the first branch conduit being
Thésrabmg efhe Briit kbiand e icorenanlirtedes isi compiexy &8is focation tsiparticularly
first position to the second position, and

propfie aReySMBEngdigseetPreondui t is novable froma first
position in which it projects inside the main conduit
to a second position in which it projects out from

' AcJoEﬁ fBBé st ﬁ%&ﬁi Hithe Jr&(ent vt fhelells fréified €f t coronary

art second branch conduit being arranged to-

t urarprdammd@mbytapaaatué forginesngfaparsthidisdo fhis beinchpregion of the
to the second position. According to a first -

ascenion derirand thefight and !m@m aﬁeﬁﬁéﬁe‘ﬁ? PRPAFANIS prIMNESING;

ded
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ascéﬁeﬁ@mtak?iaﬁ&tgnﬁgmﬂw@w wie method conprising the

steps ot inserting-a first guide wire in
‘the se@o«emﬂe mife fpoinsesting indhe ashending gorie guch thadit extandsitytougitise
.ascehdin? aorta into the right -coronary artery; ‘

~ ascending aorta info the left coronary artery

'wherein the prosthesus is arranged such that:

the first and second branch conduits are movable along the first and second guide wires to
the branch region, and |

the first branch conduit is movea_ible from a first position in which it projects inside the main
conduit, to a Second position in which it projects out from the main conduit for location in the right
coronary artery, the first branch condult beihg arranged to tum inside out as it moves from the first
position to the second position, and ‘

the second branch conduit is movable from a first position in which it projects inside the main

conduit to a second position in which it prbjects out from the main conduit for iocation in the left

éoronary artery,‘ the second branch conduit‘being arranged to tumn inside out as it moves from the first

position to the second position.

. According to a first embodiment of the present invention, there is provided:

a method for delivering a prosthesis to the branch regifm of the ascending aorta and the right
and left coronary arteries, the prosthesis comprising a main conduit and first and second branch

conduits, the method comprising the steps of.



inserting a second guide wire in the ascending aorta
such that it extends through the ascendi ng aorta |nto
the left coronary artery. novi ng t he
prosthesis to the branch redion by nmovi ng the first
branch conduit along the first guide wire and the
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oma first position in which |t
ao;té{nééhgt ghtlgﬁrgﬂg{a&lh{a main conduit to a second position
in w@érﬁl@ alsbcoRl QHROHS P ashEraiy hAIR stoRitat iceuRRltl throughthe
| ocate the first branch conduit in the right coronary
as@ndiey apita bhloeheflefr Stonlry amh condui t turni ng inside out
as it noves fromthe first p03|t|on to the secaqn
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conduit, to |ocate the second branch conduit in the:

proje€té nsieoth©mat yondUit @ B gecohdgostiEciowhichsT meists oodoohiiet main conduit, to
turning inside out as it noves fromthe first '

locaieip retdrangrocondiet e mmccwgwrf%m theffsprafic Gpngluit tyrpigg inside out as -
n the first and second gui-de

th
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7 respec prior to moving the branch conduits
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' aspect of .the present invention, there is provided:

locate tiyr s@sdnddsingh dooduitintbateft pyoraty arthi. tsrsaerot brapghicemiubiuming @Slde
ascending aorta and the right and Ieft coronary - o

out ax i rpvpiiom g istRogitianie e secg Y ng a main conduit
- and first and second branch conduits, the first

branch conduit being for locating in the right -
Pref&r5iR R nYosMESEE YnoBhieh iR B R bcdd 3igd wieO ) isdrting Biel bt and
for locating in the left coronary artery, wherein:
secanth guidel wiss thimugnitbh fistand sedond israneh eertdlits réspesiivedy, frior tg foving the
position in which it projects inside the main conduit

bm"?*b°°¥‘§‘ét9&ﬂ‘8"ﬁd§?ﬁ°f‘ﬁﬁﬂ’°f‘n whi ch projects out fromthe
main conduit in order for it to locate in the right

coronary artery, ‘the first branch conduit being
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first position to t e second position, and
t he prsﬁmslsdorﬂncatmg lat the hﬂmhtregm ofrtb adsbmling eorta and fhe right and left
position in which it projects inside the main conduit

cororag a&e%cfbﬁmﬁmwwww afRINCRNGY 87t @dsgeond prapehcpluits, the
first branch congultq)emg for Encaotxrng ?nrthe nglht corong }te?'f _ntd %e sec:o'ﬁt;1 granch conduit being

for locating in the left coronary artery, wherein;

the first branch conduit is movable from a first poéition in which it pfojec{s inside the main
conduit fo a second position in which projects out from the main conduit in order for it to locate in the

right coronary artersr, the first branch conduit being arranged to turn inside out as it moves from the

first position to the second position, and

the second branch conduit is movable from a first position in which it projects inside the main

conduit to a second posifion in which projects out from the main conduit in order for it to locate in the



5 left coronary artery, the second branch conduit
being arranged to turn inside out as it noves from
the first position to the second position. This
arrangenent of the branch cénduits described above
permts the prosthesis to take a conpact shape during

delivery to the branch reg%on of the bl ood vessel. e
- lefierpgary e, PO SIS IAEY COBRUIEREY FFEYER (HuB nsipgut s ft moves fom the

thesis during delivery can be reduced.
”@ ? ﬁﬁ?%?m%§5@wranglng ‘t he. branch conduits to turn
i nsi.de out, noving the branch conduit fromthe first
to the second position may be straightforward, and
- Thig @mbdméat Jf &8 b@hchdbsiulty dtaaieddneiretits tia probtbesis to take a compact

- unconplicated. The prosthesis may be manufactured in
shapp duripg dafeery tPihe pesneitypgion of Wé blgpgtsse IS 118 é%FS!bHWPh@S*"”CﬂO“ of

dellve ~.appar at us accor g to the first
thetpristhisisiERg dNgRS N D6 FPORTf TFbggRoRy ﬂﬁffi%lt%@%‘?%mﬁg uits to turn
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nvention, Is a prosthesis according to the
.con§tﬁfé§m df RSRBRh cduits ey bevieoipiogied. Theprpatiasiseg bs mamached in
used to treat aneurysns or dissections of the
onegigcendi ng aorta proximal. to the aortic¢ valve and the
left ventricle of the heart. Accordlng to a second
enbodi nent of the present- i nvention, there is

vi.ded: [
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bl ood vessel branches, the apparatus conprising: a
inventions i enspsthegioreporiiog wghfasemd aspedREilF invensient i r st and

-second branch conduits, .. afirst guide wire
for inserting in the blood vessel such that it ‘

| nds th bl 90d | first plogd
* e GEARRR g B 36 o fePanBlefi of §838lond 152 oLl bl pRURATS e

.aombmrammgléﬂgenylggob{hggggivessel such that it extends ..
: hrough the bl ood vessel into the second bl ood vesse

branch : wherei n.the'prosthesis is arranged
such that the fjrst branch conduit ‘i s novabl e al ong
ACC?IH@gfq ¢ $§pong gmbreimgof of thf'om&sﬁar IpYRRHGD; thet ISPFQY¥igdyessel

:
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| vess§l BRORIShcd HgR hiVidgBirsk SRkEbnk Bl@ozﬁ@@@ﬂﬁarﬁﬁé@oﬁe H;ﬁfér&&tk comprising:
branch for location in-the second bl ood vessel |

br apredihesis comprising a miain conduit and first and second branch conduits,

a first guide wiré for inserting in the blood vesset such that it extends through the biood vessel

into the first blood vessel branch; and ,
. a second guide wire for inserting in lhe blood vessel such that it extends through the biood

 vessel into the second biood vessel branch;
wherein the prosthesis is arranged such that the first branch conduit is movable along the first

7 guide wire toward the first blood vessel branch for location in the first blood vessel branch and the

second branch conduit is movable along the second guide wire toward the second blood vessel

- branch for location in'the second blood vessel branch.



6- According to a third enbodi nent of the pfesent

i nvention, there is provided: a nmethod for
~delivering a prosthesis to a branch region of a bl ood

vessel, the branch region hfving first and second

bl ood vessel branches, the prosthesis conprising a

main condujt and first and .sec bran ndui t s,
Acf%@nfﬁiétaﬁlaﬁi ee}@ﬂggmexgtioﬁ% {xﬁ%en%l ven on tfhere 15 p%l/lcﬁ:gl nserting

f rﬁéglliodgcﬁ hlGer 9 3 rdsgnﬁglﬁgabg%%g%ﬁ§§ﬂloo§ VEett théirarch region
exten '

roug ood vessel iinto the first bloo

havih§ #8@nd EHcaﬁlﬁU'bod vessel brants @ifclprddfeshs co@EBIRg a gaindenduit ard first and
in the blood vessel such that it extends through the

sechidbetchresdis, tHembathad kemmisicothélstetsebd ves s eI br anch;

.nmoving the first branch conduit first guide
vvi finse '@ﬂﬁaﬁ*’ﬁ gpigRewig Ip e bls%‘f?ase{ﬁé‘ﬁ%‘gﬁf tfe ﬁ‘r%'?.‘%e oiohd vessel

into @mibgg Lthe first blood vessel branch and nmoving

Fﬁ A nﬁsﬁ ghc% conduit along the second guide wire
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the second bl ood vessel branch. Preferably, in the

;.res@ﬁmmd seuand bididvesseldoadh;ment s of t he present
i nvention, the prosthesis is nounted on the first and

seqwie feifredrapsh eandilaiong g s} qyge piioward e figihipod ¥esse| granch

for g P YR B 37 PRI 0 A Bl Egpesecond

. guid%?%b‘k&c?thte%\%ﬁéj %egefﬂncﬁﬂﬁo&%me Qc@rﬂ?ﬂ)h‘é@%%i branch.

ccor |ng to a fourth enbodi ment of the

present invention, there is provided: a
prosthesis for Iocatlng at a branch region of a bl ood
Prefoyabbs & the sdvendmnd tlitd gmbgilimanth al/ihe gresent inyagion thsgupsthedsia mounted

on tlQﬁi@srt] QJ& seldn@ ngH@%h&%lll%eﬁlg i R s@coﬂ@gﬁd&@ﬁ@.lﬂlﬁbu@% first and
first branch conduit, e first branch cond

secolEiraTgh POUIGRRS e ot  oanevingdie TBPELEPIRs Bty i fishand socond

blood8tEhindhie first branch conduit is novable froma
first poSition in which it projects inside the main
conduit to a second position in which projects out-

-fromthe main conduit in order for it to llocate in
ranch

t he flrst bl %ﬁves gﬁ br anch, ’ gFflrSt
AccteAl A O P OB SR 08 PR DFRUPHOPTE BOVOHE | moves
f raomsttljrlgls %r [o%z‘ihnB %? é lgrﬁrﬁzﬂ régﬁm 'i)paeolo%ﬁ G&Q& ﬂ%éﬁcl‘) %ﬂlon having a first
blood vessel branch, the prosthesis comprising a main conduit and a first branch conduit, the first
‘branch conduit being for locating in the first blood vessel branch, wherein the first branch conduit is
movable from a first position in which it-projects inside the main conduit to a second position in which

projects outt from the main conduit in or&er for it o locate in the first blood vessel branch, the first

branch conduit being arranged to tum inside qixt as it moves from the first position to the second

position.

Preferably, in the fourth embodiment of the present invention, the prosthesis comprises a second

branch conduit, the second branch conduit being for locating in & second blood vessel branch of the

branch region.



Preferably, in the fourth enbodi nent of the present

i nvention, the prosthesis conprises a second branch
condui t, the second branch condui t bei ng for Iocatlng
in a second bl ood vessel branch of the branch region.
7 Preferably, the second-branch conduit is novable
froma first position in which it proj ects inside the

Prefegebli tecaenni Prarch C@Fdﬁ'é@dﬂﬁ’bﬁ‘b&d@f“tai fgshpasienihyviith i grojects '“S’de the
n. order
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noves rom t I-rst posi tion to the second

move&dnt th&fitst pddtio todhid RBERIFEAEnOf the branch conduit (s)
permts the prosthesis to take a conpact shape during

delivery to the branch region of-the blood vesse
us, the possibility of obstructi.on
Th*Sﬁmfm%%?féh%&mn%@" iy Cla'a ‘ﬁ%@i"%’éﬂ? Bute 8a°mpa°t shape during
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tarn |
- durighilifery by lﬁeﬁedda&i iF&ﬂ:l&ﬂdorﬂdﬁl aleigingriey/briveh condult(s) to turn inside out, -
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constetinmoithalahnch eshduins ang- ipi veceyplitged. Eheajmmsls mpnbd enufactured in

OM?lmmiQQ§ aﬁgects of the invention, preferably, the
HRCHOCBAURTt conprises a first end which defines an

openi ng, a second end whi ch defines an opening, and a
sidewal | extending between the first and second ends.

" Preferably, the first and second branch conduits are

in thewatowk esbet:t@ofmmpmhﬁmg, préferabti sheorfiairt dosriuis cothpvigeis la ficst ertdiwdich
main conduit. Preferably, the first and second branch
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ndui t

first agt? %eg%nd Se8%§ X’{ﬁ?er%lﬁy Fﬁ éirs nld%I l %9] g‘%l récgnrdu:ﬁcs are rpoéxﬂtgd to opposing.

-' Aanks mé gaaéwéu 3} tho/enid SRR Erbtb2bly, 1R Do lsébB:SH w@h B shSthe
he main conduit, may therefore be substantlally

-mmn&mmmMmaMepb&ethls descrlptlon the term"“nounted-to
opposi ng fl anks' may be i ntended to mean that the _
first and second branch conduits can be nounted. to
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cross-sectional shape. The first and second: branch
circul@DIcthis tdescrifithon, e el Mihedhicdtto ppBising ﬂm&s’oﬁayt trentsnddé wainkan that the
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cross—?erct?cWalds%Qﬁe. The first and second branch conduits may be mounted at positions of the sidewall

that may offset in a direction parallel to the longitudinal axis of the main conduit.

According to a fifth embodiment of the present invention, there is provided:

a prosthesis for [océting at a branch region of a blood vessel, the branch region having first

and second blood vessel branches, the prosthesis comprising.



a prosthesis for locating at a branch region of a

bl ood vessel, the branch region having first and

second bl ood vessel S branches, the prosthesis
conprising: 8 a mgin conduit and first

branch and second branch conduits, the main conduit
having a first end which defines an opening, a second
ench méth edndakeshd frstdramch @y esvompranamebnduits ithamajyedohduit having a first
ext endi ng between the first and second ends, the

end phighsdefizasdn sResiRck 570 EM Yiish delneseni9Rs g 38  SPp Kalkedspying
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amjgh%H% ﬁgg%ybg§d@g@qggﬂgyed to opposing flanks of the

he mai’n conduit, and the main conduit
anand-dis S AAMEd SEBATarah emnalits aro mibuitddso appesiyfarksiotibesidewall
- Preferably, the prosthesis used’'in the delivery
fﬁmapﬁaﬁaﬂwsaﬂbcording to t he second enbodi nment of. the

present invention, gé'tpergwgsFstugﬁused in the
m?‘ﬁﬁ‘ﬁ'“ﬁ@@ﬁ?@dﬁ{ft?'@ SF??E R B 6T heRE “of t he

present invention, can be a prosthesis according to
the fourth or flfth enbodi nent of the invention. In

Preférgb?y HRGRAhediOuski td e Sé'm |aﬁ&ﬂiu§; a@&fordnl'geto Qﬂie&;‘é@ﬂﬂ embodlment of the
: I nvéntion, preferaply blogp ves IS @7 ent of the
presqt EwYEB BT R bird et o e Heryre i D B Rb
presé‘l@ﬁﬁréim o e R dRIsthesid Reordihg Stihortethse Gomemildoed: ofeigdmlention.
branches are the left and right coronary arteries.

Thus, the prosthesis may be used to treat aneurysns
or dissections of the ascendi ng aorta proximl . .to the

In th@é%&ﬂdcto Yith ¥iGbRHknlsHe e %Petsen\/ e8| p%f&gbh} I‘fiﬁ‘e R KEssel idan artery,
he vari ous asp ects an |rrentS of he i nvention

| prefembb(ft@r "é’ﬂwnm‘dﬁ@cﬁél?ly e peendinesioria Srelestbbh §1‘3§F5é anghseRAngy Bgod vessel
brandh® HOME 1dih8d HbkiSbroARd akgie® Mdushhe @ﬁbbth&sﬁﬂﬁﬁyl tl %sefdl't@ﬂ%at ARurysms
first to the second pasiti Prefera PL
or G GRS SR PO MBS trffe il FRYeol ’%&;ﬁ sgice bt heart.
slidably nmounted on the guide wires. Thus, since the
guide wires may be located in the bl ood vesse
branches, the push rods may push the branch conduits

in the appropriate directions for | ocation in the
bl ood vessel branches (e. the left and right :
- In thecygrigyis apRpCta packgabodiyments iol%‘;ble JAVB§fIo8] PEfFTARly-cng ﬁ{;mf’lﬁ dirg gstpgors are -
provrd@ﬂ 6 Snover BE st RhY sedohd $fan@iNdondigie ﬂé*m RS irsk @l $hea§eSond position.

: rovided as first actuators, the f % B¥%& r od eing

Preferatrmath@ﬁrat rgafsisHe PG TSy She Bk ieds g o b PR on 1 guide

wires Sﬂﬁ-‘@ @ﬁlc@ﬂ]% 1Hf) d/lrgﬁingbgbeal%a@d(ﬂgﬁ Ghet Iﬂodﬂwt&ﬁelt tigcleL COR flush rods may
branch condui refera e r.S secon us

push the, Branciroen e taABt PPABLTE gﬁééﬁ?f‘sr}ﬂrelo‘faf‘?‘b’t“%gﬁ%’" SRR (e
‘the lefbddRhVIcEREy LRGREN tiinyie by slidiipealdrgnigtevdadirsecond gui de

- wires may extend through a portion of, or all of, the

first and second push rods respectlvely For exanple

t he- gui de wires may extend
Preferab!yi first and second push rods are prowded as first actuators, the first push rod being
arrangead to push the ﬁrst- branch cohduit and the second push rod being arrangéd fo push tﬁe second
branch coﬁduit. Preferably, the first and second push rods are shidably mounted on the first and
second guide wires respectively. The first an.d second guide wires may extend through a portion of,

or all of, the first and second push rods respectively. For example, the guide wires may extend



through the first and second push rods at positions
within the prosthesis, but be separated fromthe push
rods at positions outside the prosthesis. The guide
wires may extend out of thegpush rods via one or nore
side holes. Preferably, one or nore second actuators
are provided to push the prosthesis, e.g. the main
thropgintblelfirst aod scbdng ppmsctsmmswonswmmd pro$ieesisrbahiestsepasafecirom the
- of the blood vessel which in turn causes the first
Pushwés %@e%fwas pyEsig e REQSHIGRIS-t 'he I PR MR iegd piiaf the F?L@'B rods via
ec @? guide wires respectively. Preferably, the
. ”mﬁﬁ@%ﬁa'% Wator can al so nove the prosthesis in the
opposite direction, i.e. in a direction away fromthe
br,anch region. Thus, the first and second actuators
Prefaraly, \ohs b nitgesettsit agtadtidrs ark pevideddo gush the plokthdsist g theamain conduit
conduit of the prosthesis can be held stationary

of Pl N rapCTc e bs b@a%veé@' el AT e i st and
on The s

| secogg [Jra osc!uljﬁé?? mEYe oaéqt?g %85%%']8 se on ﬁ”' e Wi es re echvegl r?ferably the
seco‘?iE LGSR BarPisd ol Ofls Fl@&“es%@n e 5 e gtretcﬁm Q)ét iRe qwéctﬂn%?from

ne or nore conduits provid by the second actuat or
the Hﬂihﬁlhre@ﬁld SThus, E’ié&'f'seﬁr&il%bgbnd b&t@t«fm ey woll sgl4inst esob ehacle.g Lo that the
N “wire conprises an identifying mark or shape. Thus,
~ mairt dyeduiipp temrestiess enibd eldisiioneryviplet thhbrarsh cprsiuitegatpe moved from
" the i B8k Yl% ﬁl@%ecQ{d%Q{?on Pﬁ@;e&fn@ Blt¥atord RSy Y A8 bIRSE §usl&$ods The first

expan roma contracted state to.an expand
- actuaigrpugh 1‘0%1@@? Rt avgnapd tq gieenp thseush €8¢ & Y UL Pé%%fd oy thg second
adnﬁ&qﬁﬁﬁﬁ&ﬁd position during delivery to the branch
‘ region, so that it may be less likely to be-
obstructed during dellvery Then, once positioned at

“the branch region, it may be expanded to a deS|red
casij ng

size for -use. Preferably, a dellverg
PTEfeﬁvatr"%i%’a‘ andfpr SRUINA PHY WREORPIEST Alednilingmagk erd’ﬁ?ﬂeag Puggthe
appro?:é%e}. gw Ufln tgee hPéle%rfé{' egcfh b‘otag L%E;Q §rtentl]:ﬁ3| s to the branch

“Bfetera t he
prosthesis 1s arranged to
expand autonatically upon renoval of -the delivery
- ‘casing. The delivery casing may be a sl eeve that
Prefeauly,rtmdshash & eppapgetiielginsa tootrantadisbiitnan expandedsstate. Accordingly,

the metg?f& é{}aé/ e gaaeadt n;g )z/a, corlﬂiracteg p?sht%rn){iuﬁr?ﬁs{%fpgean%ytpe gra?ch region, so that it

may pUsshiikgy tolbe olptrogitdsing ddligery Hhety roacegiositiegd arthedfrarich eegion, it may
o % The prosthesis may be resiliently
lmeﬂ?ne£% m%mE&ﬂ%gmﬂg%ned in the contracted state such

t hat, - upon reanaI of the delivery casing, the
prosthe5|s expands autonatically. The prosthesis my
be formed of PTFE, or Nylon etc. The prosthesis may

Preferplly, ﬁ@glrvrzwmngys HP‘&%%‘&”B'?“‘@Q e P?ﬁ’%ﬁ?@ 'WBW% Pﬁawu"ng
| delivery o?{l]{ee prosthesus té]the Eranrgle reg;on FJNef r!’:lg]y the pro@e&s 15 arrange% to expand

automaﬁcauy upon remov_al of the delivery casing. ‘The de!ivery casing may be a sleeve that
surrounds the prosthes:s to maintain it in a contracted state. The delivery casing may be elongaled

and may act as the second actuator for push:ng the prosthesis to the branch region of the blood

vesseal,



By locating in the bl ood vessel branches (e.g., the
right and left coronary arteries), the first and
second branch conduits nay be used to anchor the

. prosthesis in position; prevent occlusion of the
wpenisngset ween t he bl ood W@&ssel branches,  ipcsBahizobB274
they | ocate, and the blood vessel (e.qg. the

ascendi n ao rt a@ i d‘%'}?” g?sé{oﬁ)edn&t'h?t ahg‘ctedQ%ten;%cfPthat ypon

The pigsliet (Y e Bl

rerno%l gtclfhg@e(ﬁvefrﬂ{as:hg Yﬂerﬁg)sﬁ‘@sﬁ‘s thénﬁg atﬁd?ﬂmt%ﬁﬁ Qfﬁg B.Etﬁé&?shnay be formed

uits i'n position in the respective flrst and
of Pﬁe(‘{@ NgloMét6 Orhe pRISBEdis hayae edstiently Bibed by aj.syapraen®nyaiyy be
- integral with the branch conduits. For exanple, the
elemtrity e ggformed pidNitingly erpeddadidhestin. nor e stents attached to
e.g_ an end of the branch conduits. Balloons may be
provided on the first actuators, e.g. push rods; to
By io% %ﬂ thelbiRBa t?‘Js?FﬁBr%nths @r 99 8e bR alf'ld -l &orb‘ﬁarb bAdHe), ﬁ@ﬁ&lﬂné S
osi tion first actuators, e.g. push r ods, may
secohﬁarélﬁﬁ&bnti@ts Ay Be tded wdanetncthe pmstnhttisﬁrSpolswbrppmvdnt @nlupan chthe
-to fixing, to prevent-e.g. retraction of the branch
openipy brtwpenghefbloorvesiel bisneligsl injfewhich) they jogafe aad the blood vessel (e.g., the

sl i AR Rt o TR AR B LY

t he push rods have been retracted. For exanple )
independent stents or endovascul ar st apl es may be
A fixingSRns May EdﬁrMeMﬁﬁg R)firdd endaecond traathabndoitesin pasiiboinithe
ends of the main conduit. The fixing neans may be.
respegtive first and servhdblogdvessekspchasi Ve f‘eﬁ@i@e@ﬁ map ge W&Bﬁ" with the b"a“Ch
~condui-t a alnst t he bl ood vessel

o R o RSB ABE T TR HERERIN ¢ AR of e
- branch I&%edgiltso %QIIQ%&E@SJ be%v’ded Jhﬁe ﬁét)é&tﬁ]ﬁotg%@nﬁlsms kft?expand the

ral t he 'respecti ve ends of the nmain conduit
stentsﬁﬁ’ brd@rﬁéiﬁﬂlh@braﬁdﬂ%orfdui@ il oS Mhe M@)acidetodey. ushimedsemay be used
~stents attached to the ends, the stents being
to hoieﬂlparada“moedtes 0. mbtym tpaqlf |tnbﬁm9 to pleYest @ T 9“@@109 of ﬂ?fe‘ml}cbﬁe’du“s
fixing nmeans nm Y ided 1 X the n@ ?q{t
from tpe]bl vefqeblﬁancge yt fgg&lfﬁa&%él?g )b 2 pb'ow o) a he
branch @aln%ulg &sﬁ;&f Egcéﬂ%pth Et?:.h rc%§ﬁém,lb§en rEtFég@@elqug;@m t iﬁ&Upéndent
or endovascu stap es may be used. Preferably t he
smm$meﬁkhﬁﬁM§sﬁﬂﬁéﬁﬁyhh&a@Ulde wires are configured for
insertion into the blood vessel percutaneously.
Thus, an endovascul ar nmet hod of prosthesis delivery

R e e e S R o
used %%ﬁ&%{ thE Y etchﬁ ST d?g@%%%ﬁdun T5GhsOHA Q@od‘%§s§ﬁv&ﬁ m{r&v fo

ors . push rods) may extend through
prevet®lobd ﬁ@r@gdbehne\éh tenl® copRn Bm:gh@lﬁlodd lvesskliwatit Tlﬂmdng means may be
~Preferably, the second end of the nmain conduit is for
integryl @it the regpectiyerndnof thereaimenndyic Forarqraple. fig SXIRGIeRARE MENEE BF O

o 5 T 500 e i B g i, B
separﬁgﬁkﬂ't# rhe%n%ﬁy &ﬂfmﬁﬁh kxR ddiEcondilh paadidn, 9% b 8hd HRdt Betuator

it suc 'ood may flow between the first

push BéiCha€ 6&A Getfakad) Cor exaiBle ihaepamidntiskeets maemiocaadristapleSyiay be
connecting the branch conduits to the side wall,

used.r at her than the second end for exanple, an
appropriate configuration may be achi eved for
positioning the prosthesis e g at the branching of
the aortic root and the right and |l eft coronary
arteries. In particular, this arrangenent nmay permt
the branch conduits to project in directions
substantially opposite fromeach other, and
substantially perpendi.cul ar to the |ongitudinal axis
of the main conduit. Thus, the prosthesis may conform
to the conpl ex anatony of the bifurcation of the
aortic root and the right and left coronary arteries.



An exanpl e enbodyi ng the present invention is now .
described with reference to the acconpanying

drawi ngs, in which: Fig. la shows guide wres

of a delivery apparatus according to a first

wohadioresst of the present Thvention extendlﬁgﬁﬂﬁﬂwugﬁﬂﬂ
.a bl ood vessel to a branch region of the blood

Prefeé%n? t%% Frﬁstheims ap?{glj 1hks 2 QL R oA &n@@ﬁ’f@ !f@érﬁ’cﬁtnﬁl@fﬁb §Iood vessel

sent 1 nventlion nounted on the
percrgéHeg.%EyV\’lﬁ@ 2n @ﬁdoﬁé@ulaﬂ retta df pmuegls denviny reksy Helpeovidedanch
regi on of the bl ood vessel; Figs. 2a to 2d
show successi ve steps perforned during the | ocation

of -branch conduits of the prosthesis aof Ei s |b agd |

By hqving pﬁ»ﬂn@rsbw@@acqw%g@ of fhe SHE ﬁ%’?“‘bf"°?‘11‘833’8‘?‘5 %‘ﬁfeef‘é}é‘? Blgpd ygsse
f rou e
ana b B i JEEGRY s prvey oGl S IRN Re it

main RSRSENH thé BAERIRG b irdfld. Preferably, teisgéond i of the %lﬂ&:bmmt a for
-branch conduit of a prosthesis according to a third

locatiegriagedenmiataoit vatiee The semtenl pitegrndinepnduit may foprrsise an artificial
~enbodi ment of a delivery apparatus according to the

sortigyE¥&ent i nvention, for delivering a prosthesis to a
branch region of a blood vessel is shown in Figs. la
to 1c and Figs. 2a to 2d. In thi s enbodi nent, the

Prefe@b@qge #8358 Lochit BrliRh BSRBRAIGnREEA B te S wall BRIREin @l

4 branch region is the region at the aortic root -

such &ﬂu bmb efag fdwisctweelttie fast dnd sefdnd bendmrandpitsand deimsin copduit 18y

connect to the aorta 1, adjacent to the aortic valve

connepting therangh (cprsleits,to heysisle el @%Wﬂr e grsond shd for eREPEond

Lt e S i s S

aortic?dot and e fﬂfh?ﬁ*dh&ﬁéoﬁ)n%'aﬁerfe@”%ﬂtﬂuraﬂfﬁlé’h’hﬁﬁﬂéﬂ#ﬁl&i’ﬂy@aﬁt}he -
conpatibl’e material . and conprises a nmain conduit 33

* brandh @brid0igs tepibjettsi dientbns Sibstastiatyspposile el Atherrhd sitgtantially

wal | 34 extendi ng between the first and second ends
perpepgiaular Fibe forfdingl Pt OfgRmaN bRl ARESNSRIgStess 51ap pogfom to the

Th St hesi
comf ko R RRER o on TR R RR (1 RO aARR
respective flrst ends 311, 321 to opposite flanks of
- the side wall 34. The first ends 311, 321 of the
An exampla elnbaiging thie peesardt invaiomis sow pasaribed wifareirienced the dcdempanying
between the branch conduits 31, 32 and the main
-drawipgsnlAWNEN'33. The second ends 312, 322 of the branch

s 31...32 ar
SRR T B RS 508 AR e
preseffitvBhtloR Sxtdriaing ¥oughRbicthk Q8Bel W iinErcA kegidn blhsiRgdaysstihe
prosthesis 3, using the delivery apparatus, are

dersc b i‘n&!dicbabvoa\prosthems according to the present lnventlon mournted on the gmde

wires of Fig. 1a and moved towards the branch reglon of the blood vessel,
Figs. 2a to 2d show sucoeési\.;e steps performed during the location of branch conduits of the
prosthesis of Figs. 1b and 1c into blood vessel branches of the branch region of the biood vessel;

Fig. 3 shows a delivery apparatus according to a second embodiment of the present

invention; and

Figs. 4a to 4e show a branch conduit of a prosthesis according to a third embodiment of the

present invention.



Firstly, with reference to Figs. la to 10, the first
guide wire 21 is percutaneously inserted into the
aorta 1 such that it extends through the aorta 1 and
a first-end 212 of the first guide wire 21 is
_ @8.512?%}9%9%0'- in the right cotdnary artery 1_2. thﬁ;ﬁzhamtmu
guide wire 21 may be placed in this position using a
cat heter (not shown), which i-s subsequently renpved.
Next, the second guide wire 22 is percutaneously
inserted into the aorta 1 t hat e
s g LR e T8 ooy Fhd R R Evenge
prostidls48a MR r@F?on loPa RQsveéseNB Ehdwh i M. 1286 tic SiFasadayto 2d. In this
~artery 13. The second guide wire 22 may al so be
embdain@6Ee blbod Y2k ip GBiabdeoding mita fofr hombmh @tdthe pranth redignimihe
whi-ch is subsequently renoved. esi s

. Next, the roshq ;
regio@ at ti gortio tavt Eldwhsye tha &9 and esoyongny attstigs 12 15 SRR Ri&Po8R
-, the first and'éecond*guide wres 21,22 and pushed by
adjacgntlo R 29283 1%) ong the guide wires 21, 22, past-the -
- ~aor.tic branch arteries 14, toward the aortic root 11,
‘as shown in Figs 1b and Ic. As can be seen in Fig.
" The dvenyiipbahusdanmtsea it pd Secoaicglidewires 21t 2%ea plosthessck p grogthesis
- mount'ed .on the first and second guide wres 21, 22,
delivedyieasing4.chat! firgtaang secgnd prish gt B4 82 r B POPBYISGHS ?Bi“?e"tfﬁ’?g‘ ,
~ first and second branch ' condui: I Y s
e SricdR ErORUNF MR oTRES g St sl Enibod ssr. o
secotd tnf 5320%8 Qe R%Wf@ieﬂdi&ﬁ!&%ﬁ tha Brst drbl E4ORT HaE 831, 8328 The first
mal n condurt 33 is held in a contracted state by the .
and sd6tnii YRIs B3 1 351 41 ofen. Time pabethésiscr opmpriss$ firgt and sesondd branch conduits
renovabl e sl eeve that surrounds and conpresses the ° :
- 31, 37rmihich ere onTetted3S respeative st sadsy3! 1 SR spRositaflarksof Be Figs wall 34.
take a caopnpact shape duyi del i very : .G
e (610 SEbRG R 2 P ERTEIHG °L 1B ervaig vt phAFIHdEbedn e
brancf‘ c&%*,.ﬁk%oﬁséng Hel@fh @Ralith8. YRVsecdnl edd3@14, BIBEf tHRMEnEN QRduits
~the tirst and second branch conduits 31, 32 are
- 31, 32 6 bls®8sbnf 16 Pt BRoG iclersatekbn Bid brafidheofduitsd!, 3dhahddwooredary
branch conduits 31, 32 project toward the first end
arteriggp@nidg 333 of the main conduit 3. As shown in Fig.
2a, the first and second guide wires 21, 22 extend
into the main conduit 33 via the first end opening
o bif (AkthdsisB3 usir 16k delNefUgRardtie afel desdiibain@iow.
1he%§%gngm%?gﬁgﬁhggﬁggits 31, é% Vi a tﬁgggken second
ends 312, 322 of -the first-and second branch conduits

31, 32. The first and second guide wires 21, 22 then
Firstiyy Wt} vefetents toifigs Hie tpi b Sefiestquideing 24is pREVigep sty iRt g fhe orta

321 of the fi d d ifs. . . .
1 such gt e kg s S SR T a1l 2PEN B AR Sus 1 edbsionea
e i h ' . rst GHiHE vh ' i b@ind 3 c@heter
T s S O s

(not sh&as, dth ihRbsqiidntigreroedd. r egi on- 11, depl oynent of the
prosthesis .3 takes place as described below with
- respect to Figs. 2b to 2d. ‘ :

Next, the second guide wire 22 is percutaneously inserted into the aorta 1 such that it extends
through the aorta 1 and a first end 222 of the second guide wire 22 is positioned in the left coronary

artery 13. The second guide wire 22 may also be placed in this position using a catheter (not shown),

which is subsequently removed.



Firstly, the delivery casing 4 is partially renoved
fromthe prosthesis 3, so that the first ends 311,

321 of the first and second branch conduits 31, 32

are exposed, as shown in Fig. 2b. The main conduit 33
Wb 200802980t hesi s 3 conpri¥es shape nmenory alclmmoowooszﬁ
el erents, such that, upon renoval of the delivery

O SRR Ty T .
wuresgq ?2% @%pe%"lblytaéﬂs?h]r \/\i tr@éﬁﬁéﬁﬁs 2§ i0b Sﬁasﬁﬁpaoﬁﬁ%f%ﬂgs

ave engagenent surfaces 511,

'anené:ztkgtoﬁgi@fheawrobm a‘s%ﬁmdn Bgdmaad?. 322 of the first

and second branch WD 2008/ 02598314PCT/ GB2007/ 003274

~conduits 31, 32, are manually controlled to push the
second ends -312, 322 of -the br?ﬂ ond its %P Q%gh and

Ascaﬂh%seebé'rﬁsr 23, aich shpws g prpss spstion gt  Fstiere & moliniep Qi

seconla 8UI é: Pt{eégg%i (glg 5%}' JE]IVB%Z‘D th-ggbrﬁc BQ’[‘@Q%% 1t1 hﬁe ﬁgt%ﬂ@&cond branch

O evert, r.e. turn inside out

* cond &, 8HRO%h d 7€ YosiioR 1@%%3{ pldjett IAEROREiE@SthE Mmain porﬂSit 33.

. shown in Firg. 2c, in which they project outward from

" Furthénineretee maic cmeuit 33 igBeidin arhiwageddateldhadetivery ggsipgtyd The defivery

. second position, the branch conduits 31, 32
casing 5.3 RERVBRR Hse LELTBHFT ISy BBFBL AR B PR, he

prostieSt 3 9l tu{j k@%éon]%é&%h%fe gy}gﬁ IF@ toctgé'%tgtroo%%gloh ﬁlﬁ ?é&@&@qhe

géneéra irst and second branch

chancﬁeﬂﬁélbrbéhe%ﬂsa bdidg aggﬁum@.dhefv@m the first position to
the second position, by the push rods 51, 52, they
are forced into the right and left coronary arteries
respectively. This hel ps anchor the ﬁrosthes S

*Inthe 5iopiign e SRtiF Seor aia"qhwe"dﬂﬁﬁ’d”ﬁé% CipRA TRE® i’%&a" 34. The
first ar%o sEect:oand l1iraa qﬂcoPJ]uets SP 9?%{9& t%{]tmetﬁé first er]ﬂi2 %ﬁg i" ??lfﬁgﬁal cont:imt

Open, e mal n condul
3. A%B\ﬁﬁg £, 5 Mb Brst é\ﬁ)ébeonﬂ b@deCltel Y6 LY ot irfithé Sraif esAMETS via
: fully fromthe prosthesis, 'such that thé entire main
the firet emthpiebin@B3athe exjpanativit 83, subibtoagtt theafirgt pnd W@Ib@dmo"dmts 31,
‘the inner wall dianeter of the aorta 1. push rod

32 gy cpgpseaine 2y LB B o OBLT R B S ePn A
secon? ﬂuuPeov%reg ?ﬂ '}2 th%n g‘ ?{%I ﬁ%rr‘ g@ﬁmﬁt&%xraﬁgrﬁ{&%d‘é %‘Hj 321ch? {i’é ﬁrst and

rosthesi's uce mechani ca oadi ng on
secon@Brihidh chndiits 31082, amékuﬁon 9 bxtérRiGeMBerlthe sigsndl 8Bsnd }ﬂfeQM[rvdr?
a ‘haenmodynam cal 1y conpati bl e conduit for the
casingt4; amisterthrough b loperdnds@topibe defivdnecasiba #a and t he right
and | eft coronary arteries. Subsequently, the first \
and second gui de wires 21, 22 can be renoved. In Fi g.

e b ol BB b S Sy

place & dd6MBd beRfly W rRQLALSFIgLYEb 2w t h 'one anot her, i . e.
the nounting points are generally aligned in.a

~direction parallel to the longitudinal axis A of the
mai n conduit 33. However, the nountin oi nts ﬂﬁ QF 1
Firstly.jine defiery Gasiag iSrP@EiPHIVdﬁm?yaF e e Pf"at“?*‘f? P fh@‘.“teu’ gt figp 911, 32
of the E‘Xt' SdsAe of l%rgnch ”QéJéré %%sed@'sﬁoﬁﬁé( FBSb. The main ) qonduit 33

P &GP b enabl e conpact packi ng o

of the ﬂﬁaﬁésla%%bﬁ.pu{kes értapgmémm?&nbyteté&tenﬁs hachaniapbn remmimrtr@ delivery
1, 32 do not obstruct each other if the prosthesis 4
casmgltisthe crnprcermle @3 expands automabcai!y Once the first ends 311, 321 of the first and

second branch conduits 31, 32 are exposed, first and second push rods 51, 52, which have -

engagement surfaces 511, 521, that abut the secbnd ends 312, 322 of the first and second branch



WO 2008/ 02598315PCT/ GB2007/ 003274 . Fig. 3 shows a
del i very apparatus according to a second enbodi ment

of the present invention. The delivery apparatus is
simlar to and functions in generally the sanme way as,
wbeosppesat us of the firstienmbodi ment of t heCT/GB2007/003274
i nvention, except that the prosthe3|s inthis second = -

de tub
mﬂdg{%%&é%%@g RS P 4 ien PR g 22 8 B o s
throu%tﬂtﬁ weﬂ‘ﬁlts §11 991 ok 36 rBitng Sechhd Bsnck donddid:31 532nﬁl1r§5auses the
sane nu ering is used to indicate f eat ures.
brandh @EH0IE 31032Rb Gved, iRNWmiris@s outl dhdreupathey/Ae mdvenvn a sacdnil gosition,
3, the gU|de tubes 35,36 each fit into the first and
as shs\erc:o Aid. 25t iambih thenefcieat gutgard fram ﬂ?@é@ﬁé@ﬁ‘i“@éﬁ §f theMesthesind. I
ranch _conduits 31, 32 i rst

the sepfed Rlictine BB SIS, B HRG T BHIg PREr B R lr o te
[ ends 311, 321
-Iongit&&g%uéshé rgg{ﬁ C ﬁ%gréoglﬁ gs HarCQ&'J@5&3"%my\/\l/% é‘lraéeﬁ pon they extend
between the sidewal | 34 and the delivery casing 4 and
t hrough the opening 42 of the delivery casing 4, and
As the fnstangseopreidrantly enmitits 81,32 omtrheved EOM’thﬁfﬁfG@SINﬂéO tga bepend
tubes 35, 36 grOJect fromthe prosthe ﬁls 4, gﬁjgg I
positign;, pyiGe push rosls 54 52 taeyayq froptinio fedieftanc i %Oftaweaﬂa'ms peciiely.

" This qu? rﬁchg;r%h p3f?%ne¥YQ§ Sp%? A, Erlgﬁrfg Hi'af}g %Mjkb%ﬁﬁ bé’ére%rstﬁe d6tai%nd the

e Wres etween
coron8Hp bitefBE ¥2, ¢8 B iked oﬂenaélﬂ help€ mSinGeMEd rhairdcbndit3 MiaexpiRied state.
branch conduits 31, 32 and.through the main condui t
33 of the prosthesis. Thus, mounting of the
rosthesis on the %ﬁlde wires, i s nade easier.

Next, g defivery gasing issmoved Tully forg R H@&ﬂ‘@‘ﬂs fygh #ﬁteth%?'wgeﬁ?é‘s?‘@d%‘ 33
can eXbWEY %ﬁ Bsﬁ%{ia‘ily ﬁq% %Ezelz é’ anet @ﬁlﬁéﬂﬁege; oftr'kﬂé’aeoﬁa $5Phe ?951136’&% 59,952 .

onnec rods

- are aiﬁ?@t\%c@d bt aqette %"bddélh&s@gm p@srﬁﬂhsf'stéﬁw(n&%homﬁhﬁ cah be used.
delivery apparatus according to a third enbodi nent of

the present invention. The branch conduit 32' is
: simlar to the branch conduits- 31, 32 of the previaqus
Thus, @ﬁﬁ@éﬁhﬂ%ﬁﬁ gaypdich Eerhapiepitqading oa g agrta 13 ihg pPTtHCtirpgion 11, and

Lt

thengﬂ'trggdgﬁ@&g,l;h SResd t 32' can be used as an alternative
to the branch conduits 31, 32 of the previous

enbodi nents. The stent 61 is provided WO

2008/ 02598316PCT/ GB2007/ 003274 i nventi on, and
SubsegypAty the fiest and sgeate Buirg s e 224AR boEpoved: i n t hese

previ ous enbodi nments, except that it conprises an

inflatabl e ball oon 62. The balloon 62 is provided to

In Fig. 2% R@3A bd Sin HaBRL i8fland second branch conduits 31, 32 are mounted to opposite
flanks of the sidewall 34 at poiﬁts fevel with one another, i.e. the 'mo(mting points are genémlly
alg’gned in a direction parallellto- the longitudinal axis A of the rﬁain conduit 33. However, the mounting
| points may be .offset ina airecﬁon—pamile! fo the longitudinal axis A of the main conduit 33. This may
be pamcuiar[y useful to enable compact packing of the prosthesrs 4; it may mean that the branch

conduits 31, 32 do not obstruct each other if the prosthesis 4 is compressed.



The steps taken to deploy the branch conduit 32 can

be seen in Figs. 4a to 4e. In Fig. 4a, the branch
conduit 32' is located in its first position, i.e. in

a position in which it is located inside the main -
wonehglotseef the prosthesis.¥romthe positi orcstonamnrioosz74
Fig. 4a, the branch conduit 32" is forced along the

- guide wire 22 to its second sition shown. in. -
Fig. SAGS A0S VeR\APPIBUB ERERPE [ A59°9n0 weociseli oL e B5Reit iy, The
Y ot r%tu? % sgul?rq?%r%sfugcﬁ&@ rﬁﬂ%ﬁe&glfy Er%tsar%@wwﬁ tf%%@']é?ﬁtus of the first

daw%%gm? 0€ésS not evert

embo@ﬁr@ﬁl%hth@ Qaﬂgidbrt exoept thdl thk hRsB e Eis geohd erﬁh’m;itrrtehte:ompnses two
" balloon 62 is inflated, which forces the stent 61 to

guudeeuqaaBﬁi 36. aﬁreshaombesﬁsFasgare arovidetiiig make Meutigy piitee %@S@ﬁfis 6‘1 the

press the branch conduit 32 a%% hﬂ@he S|de 3 q
swdedvrese : Hlo 2 SR vibesame nymbeqing s yspd OPAIGAE PSS §EM oS '9 A"
ngea btlon Once the branch conduit 32" is fixed in

p03|9|on the balloon 62 is deflated as shown in Fig.
4d. Then, the push rod 52', |nclud|ng t he ball oon 62,
i's retracted, as shown in Flg 4e... WD
As sh2@i FR25 S8JLAPADLGER 60FHCO BT e @Bfeﬂnﬁsemﬂdlbfa@h edwie 81,82
del i very apparatus for deliverin @rosthe3|s to the
respegiiveinathel Bg PERCoTONduiE ShSE SFP MG YHPPEMOBYd t he ri ght
and left. coronary arteries, the apparatus conprising:
a prosthesis conprising a main conduit and first and

The GBS BB 337 ke BRligh IS branch conduite31] 87 il trgotighl e iist dhdé BIr1, 321
inserting in the ascending aorta such that it extends

of eadhlbrancigdonddies1 232c ewheliengpnaiey Bderidipetweerhibe sidaylal 34 Gigaiekyery
artery; and ) a second guide wire for insertin

casing fandibrouph ke REERIEE 4ot ths Jeltven cH9gEt 7 f@%?@ﬁ&@"’ﬂﬁ%@fﬂ‘ sis 4.
the ascending aorta into the left coronary artery;
wherein the prosthesis is arranged such that

_Since the guide tubes 38, 36 project from the prosthesns 4, the guide wires 21, 22 can easﬂy be
inserted into the guide tubes 35, 36, whereupon the gutde tubes 35, 36 serve to channe! the guide
wires 21, 22 between the delivery casing 4 and the sidewali 34, through the branch conduits 31, 32

and through-the main conduit 33 of the prosthesis. Thus, mounting of the prosthesis an the guide

wires, is made easier.

The guide tubes 35, 36 are connected to the prosthesis 4; however, alternatively, the guide tubes 35,

36 can be connected to the push rods &1, 52.

ths. 4a to 4e show a branch conduit 32" a push rod 52" of a delivery apparatus according to a third
.embodim‘ent of thé preéertt invention. The branch conduit 32' is similar to the branch conduits 31, 32
of the brevious embodiments of the i_n\fention, and itfunctions in generally the same way, except that
.it comprises an integral. stent 61, jocated at its second end 322", The branch conduit 32’ can be used
as an alternative to the branch conduits 31, 32 of the previcus embodiments, The stent 61 i_s pro(rided
as a fixing means, to fix the branch conduit 32’ in position once it is located in thé apprtapriate blood

vessel branch. The push rod 52" is simitar to the push rods 51, 52 of the previous embodiments of the



the first and second branch conduits are novable

along the first and second guide wres to the branch
region, and. the first branch conduit ‘is

moveable froma first positjon in which it prglj ects
wagide238%e nain conduit, t¥ a second positi difFTyGB2007/003274
which it projects out fromthe main conduit for

venpOCALION 0.t e L ght AN Yin&detfivibus LR direhS texcept that it
'"Venh?"a?{@ﬁungtéoﬁ‘aﬁ‘igtgﬁ?{é[!y%% Sﬁf‘?%"%‘% to turn inside out as
comphides AR M fStatid ERAINER. Thd tillooR 83 istprovided 10 ekdaad hesonid1.
position, and t he second branch conduit is-
novable froma first position in which.it projects
inside the main conduit to a second position i Iy
The sfeps fpkey] te derioy Gip brane RINAWESZnqer Be 85T c‘ffﬁ ‘fs' P 4F‘o'8§?‘f"r %aﬂ h‘ug Era“"h
the left goronary.artery. Sien RHRAH s%6aRE hsBOMRE Hain conduit
°°“d‘ﬁteﬁﬁ@bgﬁx?dg?l'ésgﬁgsqt%s'tfoﬂﬁ%i-'ﬁgPs eggut_ as 1t noves from the
of mngr shesi Gtbrh 8 BodifonlshéwnSIPEigae, tdrrich @Snduit 22 is Téreed along the guide
el Tvery apparatus of claim1, conprising one or nore
wire 2224 itsadecong pbationE\shoven it Fig. 4bi rydhe pasiairod 62 oMbk Wipneh eppduit 32 everts
‘ conduits fromthe first to- the second Q%Si tr{)?)n Sbfanch
as it Mitves ket the &ko Hissagoas aesitish. byt tasiast §Ldom MR R PR
actuators for noving the fir B a08. SERII d,
w“d‘ﬂ‘rsgtr{%ﬁe8‘89’?8‘8?‘1858%&3%’93&({0 8£ P'imﬁét%&gvﬁgﬁsécong gui de expand. @
showlVn'FRS ad: oTﬁi@%uggs%iﬁ 80k PRss thé braddi@ostizlt BY &fajhst the side walls of
appdratus of claim2 and 3, wherein the sane S
- the bia6d véaden Fiingth€breisadoidnit 2 inepotitive. Ohneesthe braeahchndait g’ is fixed in
.~ second branch conduits al o_ng the first and_second he b '"
positiopu thedaligon 62 is defiakei@s ShaumdhFig-4gi BendhRiPHsE 'Hfog e MEYfNg the bafloon
first and second branch conduits fromthe first to '

62, isyecled G AP ALY 916



WO 2008/ 02598318' PCT/ GL12007/ 003274 5. The del i very
apparatus of clainms 2, 3 or 4, wherein the actuators
are push rods. 6., The delivery apparatus of claimS§5,
~wherein the push rods are slidably nounted on the
woheeoydges. 7. The deliverl apparatus of anpCamaB20§7/003274
the preceding claims, wherein the first and/ or second
Cr_gylde'MAre conprises an identifying mark or shape.
~&lB. The delivery apparatus of any one of the preceding
clainms, wherein the first and/or second guide wre is
configured for insertion into the ascending aorta

1. Pai&Hea8 8aMST ¥pparafls fof BElivelinh b pebtlesipihe areash redicradfifneone
of the preceding-clains, wherein the prosthesis is
ascercinp Bbripuane thefight andis® earenery arteries. theRPPAILLIEIPIRY Y%a0r t a
pezirp%Jstth%gg golﬁgris){iﬁg a main conduit and ﬁrst and secpnd branch conduits, |
a first guide wire for inserting in the ascending aorta such that it extends through the
ascending aorta into the right coronary artery; and
a second guide wire for inserting in the ascending aorfta such that it ex_ténds thraugh thé‘
ascering aorta into tﬁé left coronary éi"tery;‘ |
wherein the prosthésis is arrénged such that:
the first and second branch conduits are movable along the first and second guide wires to
the branch région, -a'nd _
the ﬁrst branch conduit is moveable from a first position in which it projeéts inside the main -
conduit, to & second poéition in which it projects out from the main conduit for location in the right
coronary artery, the first branch cénduit being arranged to tum inside dut as it moves from the first
position to the second positfr;n, and - |
. the second branch conduit is movable from a first pasition in which it projects inside the main
condu;t rto a second position -in which it projects c;ut from the 'main conduit for location in the left
coronary artery, the second branch cc;nduit being arranged fo turn inside out as it hovés from the first
position to the sec‘;ond position. "

2 The .delivéry apparatus of claim 1, comprising one or more actuators for n_\ovirig the first and

second branch conduits from the first to the second position.

3 The defivery apparatus of 2 comprising one or more actuators for moving the first branch and

second branch conduits along the first and secor_nd guide wires to the branch fegion.

4.  The delivery apparatus of claim 2 and 3, wherein the same actuators are used to move the
first branch and second branch conduits along the first and second guide wires to the branch,regio_n

and to move the first and second branch conduits from the first to the second position.



10. The delivery apparatus of any one of the

preceding clai-ns wherein the prosthesis is expandabl e
froma collapsed state to an expanded state. 11. The
delrvery apparatus of claim 10, conprising a.delivery
wéSloBiehsbar - hol ding the prosghesis in a coll 2p3582007/003274
state uring delivery of the prosthesis to the branch
region. 12. The delivery apparatus of claim11,

wherein the prosthesis: is arranged to expand -

aut omati cal | n re h i Rg."
5. 3o Theve PP O SRR e T Berdih e et plTida
precedi ng cl ai s, furtherrconprising one or nore
' stents for securing the prosthesis in place at the
6. DraRchivEgapmmstus oldamA, ot he pish rdds prelstrably megnted ongthpoguide
branch regi on of the ascending aorta and the right
wiresand | eft coronary arteries, the prosthesis conprising
-a main conduit and first and second branchrconduits,
the WO 2008/ 02598319PCT/ GB2007/ 003274 first "branch
rbdadihd) Qaifns, GMRkreit @eGifd irytifor second
ar gr&%/‘ﬁ’e’ﬁgb&%dsgﬁe?:@%g@%ﬂrﬂg%ch co%dw t being for
gurdé AR @brhptBed dh iddndiyihgibrkooshapear y artery, wherein:
- the first branch condui.t is novable froma first
position in which it prOJects i nside the main conduit

to d t t y
8 ol RORARPIRRE Oaarerhite pECedioa: il ing fHhiiBisecond
urde wrre?snc%hfy u%d bt [ngertrénhﬁo thb E%n@ﬁ@rﬁﬁ@ p&&ft‘ﬂﬂdbﬁsty bei ng
s 3 Ooturn i1nside out as it noves fronrthe

flrst p05|t|on to the second position, and
-'the second branch conduit is novable froma first. .
9. pPoFhd detiveny appavhiius bf any onsrobjhe eresedingatie. YRESHIEP AR ¢
- to a'secqnd,Positio i-n whi CG?£m ects out fromthe
- configusad fordnsgardien iptoithe Eﬁ??ﬂ‘ P9 PSP PPE° feate in the left
coronary- artery, the second branch conduit being
arranged to turn inside out as it .noves fromthe
10. fi fru%tdeﬂ@r%labgbéﬂéiuda aiy e SEBOprdcgdDg clhims wherein the prosthesrs is

expandable from a coliapsed state to an expanded state.

11.  The delivery apparatus of claim 10, comprising a delivery casing for holding the prosthesis in

a collapsed state during delivery of the proéthesis to the branch region.

12. The delivery apparatus of claim 11, wherein the prosthesis is arranged to expand

automattcally upon removal of the delivery casing.

13, The delivery apparatus of any one of the preceding claims, further comprising one or more

stents for securing the prosthesis in place at the branch region.

14. A prosthesis for locating at the branch region of the ascending aorta and the right and left

coronary arieries, the prosthesis comprising a main conduit and first and second branch conduits, the



15. The prosthesis of claim 14, wherein the main
conduit conprises a first end which defines an
openi ng, a second end whi ch defines an opening and a
side wal |l extending between the first and second ends
2 B&zs%i-n conduit, the figst and second bpafeR2007/003274
conduirts being nounted to the side wall of the main
conduit. 16. The prosthesis of claim14 or 15, . =
first brdnelr esnduittbliag for losatingin dlegishtsererantish 2ne e EesAerfTench genguit being
configured to be noveabl e al ong respective first and
fOfb%@@@hg‘eéqﬁicﬂ@“WF%%Y'wh‘ﬁ'?' The prosthesi's of any one of
claginms 14 to 16 . IR bR Bdslist i oS @EALEL the main
br g‘ﬁg%t %%"ﬁéﬁ?q]dgltﬁ%ggbgr@ Eﬁg&&@ﬁ@ﬁ’ﬁ mgﬁﬁi ggrejgat one end
condhiQh 2 SQBAD oA Whidh prifBdtEoud Rkl a1l croiuit imDkderfoy itthpcate inthe
pranch conduits fromthe first to the second
right Eeiatyianery, theliBst biEneh qondd beiesdrengsd taiyp inside ogs & mayssdrondhe
to 17, wherein the prosthesis is expandable from a :
first pogindpe secePIROStioH Uy expanded state. 19. A

_ (F?Ir g-ise%?c%gcli lzrﬁrgpiscg%lt % n%g{.gg fg;ﬁ‘i ¥t bESioR QMIch 8 Blofect® nside the main

_ 4 nd™a renovab el 1 very casing for hol ding

condlit 16 a REBRE fRFbSIn wWhich PSje€Obut AES B nainabeiuit inBGier 2Ot to Phae in the
prosthesis of any one of clains 14 to 19 wherein the

left cérbraBi artiyrthe sswomtibriprch perduitheing airangedip &irmiwin Qs ignoves from the
opposi ng flanks of the sidewall of the main conduit. ‘

first ppgitionThiBe peasad pREEPS of any one of clains 14 to 20, -
wherein the main conduit, and first and second branch
conduits are one-piece. 22. The prosthesis of any

15. ONheQfoshbal SRatiH4, Ahcddin thehhebiitiut Benpfites atfirsherd/vaich defines an
second branch conduit conprises a fixing neans for :

" openfni 6 sagprtl BAd BiietNdzines @n dpentng amd 3 $ide wa extendig 9etu¢6tné'if%/ﬁfst and

second ends of the main conduit, the first and setond branch conduits being mourded to the side wall

of _the‘ main conduit.

16. The"prosthesis of cfaim 14 or 15, whc—;jrein the first and/or second brangh conduits are

configured to be moveable along respective first and second guide wires.

7. The prosthesis of any one of claims 147 fo 16, wherein the ﬁrst and/or second branch conduits
have an engaQEment‘ surface at one end for engaging one or more actuators for moving the branch

conduits from the first to the second position.

18.  The prosthesis =of any one of claims 14 to 17, wherein the prosthesis is expandable from a

collapsed state fo an expanded state.

19. A prosthesis assembly comprising the proslhesi's of claim 18 and a removable delivery casing

for hoiding the prosthesis in the collapsed state.



23. The prosthesis of claim 22, wherein the fixing
means for fixing the first and/or second branch
conduit is a stent. 24. Thg prosthesis of any one of
clains 14 to 23, wherein the main conduit conprises
one or nore fixing nmeans for fixing the first and/or
second end of the main conduit to the wall of the
ascendi ng aorta. 25. The prosthesis of cl ai '

20, \Wioe BRsinesivet A nmel RS 1 69 WhaT g TN bz sopes are
mouRtsa 19 %gpoes%g fig:]:kstol?ﬁte %E\Qat_tcoq BlUhLin bShafie St ent .

21, The prosthesis of any one of claims 14 to 20, wherein the main conduit, and first and second

branch conduits are one-piece.

22, The prosthesis of any one of claims 14 fo 21, wherein the first and/or second branch conduit

"~ gcomprises a fodng mééh'S"fo'r'ﬁxihg ttie branch conduit inthe coronary-artery: -

23 “The prosthesis of claim 22, wherein the fixing means for fixing the first =anr:l!os‘ sesond branch

conduit is a sient.

24, The prosthesis of any one of claims 14 fo 23 wherein the main conduit compnses one of

more ﬁxmg means for fixing the first andfor second end of the main condunt o the wali of the

ascending aoria.

25 The prosthesis of claim 24, wherein the fixing means for fixing the first and/or second end of

the main conduii is a stent.



