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WO 2005/ 037140 PCT/ GB2004/004385 1 Flexible Delivery
System The present application:relates to an
articul ated device for advancing a nedi cal inplant

woangosrioat heter. In particular, it relates F@r/cmommousﬁ

flexible tubular or catheter-based delivery 5

for introducing inplants into patients through a
renote point of entry. It inproves on, existing
delivery systens that are used to place stent grafts

into arteries, nost FiepieiddliyeruSystegn an entry point at

the iliac or common fenoral artery, and to deploy the
stent graft within the aorta. 10 Current stent grafts
dehs ipgsrabiapplisatipslates toan avtivulatet devidedoradvansing r evetliggdiiaplhrdty
iy @ loAtheterC Qﬂﬁﬁféﬁﬁfd itMatds th @9{1&5 tu%lar%r%&hét&agase% d@ﬁ&ﬁ?

di aneter graft wll require a delivery system
o S45TRY @’i"“%?duf’ﬁ%‘"ml%r‘n%PatPWhrWh R &0 ROIR jofendiy e ft ipfroves

dalek@ig\delsnetit s@ﬁ&mﬁh&l&fef uséd 8Plabd/steniBrhtts ihd aREAidY thost
nor incisions, it is difficult

sur ge t.hr ou

FPSRGHY B fay e Rabing s pesemBlen Fapratieyised faspaioy
tsenpasewitiihthowgta. t he vascul ar tree to the delivery
site. Many stent graft delivery systens, such as the
Zenith TMfrom Cook Inc, the Talent TM from Medtronic
| Querertistinitghadts Aesipmed for Tdlakzsion fntoal® aua@l b wyl@uy Raialpvol ve

e uter an,.inner
‘°§BP%E§ 8’?9 fa&gm nh*‘%%"'?"t"ﬂ g‘aglf éfrﬁ’a ‘glfrf‘q‘tl@ a delivery-setten
arid aidirgetet @fdhq cmicm of fremend of the sheat h and the
retainer rod is inserted fromthe far end of the
sheath until the retainer rod contacts the stent
J¥hikethis ¢igmajer of dnlizerprsystem is sifciensly emelhtogauhii Lusgegathtoegit s
Mifor |1ﬂ3tsf09§j HGLHerchE RUIR e &é@égw f%rubﬁ 1rt}¢t%atqpxteh$1reh tt1oa];ass

art of the sheath containing t t ent
@ﬁPgﬁvﬁFmFH§e&é@FF@H@Wéhﬁlng S|te for the st ent
graft The 25 sheath is then puIIed sl ow y backwards,
IS [ In position

t.h ft et
s IS o v, St e PEtn. ) Bomicint F e Bel ™
fme Mideoric ye arfctthmgmam ™O aesnrﬁbgeMefdrrom IdGnvobie@¥o gyd of
{ t te wh th heat h
bOpoptEe PR TR MR deRursE. sy B e B | o
Pmptcwlldhﬂsﬁfﬁ-‘é intp dle®ﬁd tfithe shestlaand ¢he retaider r30is USexted from the
@afr gxﬁi%f %%Z ub xl' tﬂ@?e&?t J‘(rog%n?zgg tﬁ%‘ af? Céy varlous means the

endovascu evi ce
sheath and its contents are introduced through the vascular tree until that part of the sheath

containing the stent graft is located at the desired landing site for the stent graft. The
sheath is then pulled slowly backwards, but the stent graft is retained in position by the
retainer rod. As the sheath is pulled further back, the stent-graft begins to emerge from the
open end of the sheath and deployment is complete when the sheath has been pulled back

to the point where'its end is level with the end of the retainer rod.

US 6,589,227 (William Cook Europe APS) discloses an endovascular device for delivery

of an expandable prosthesis to a body lumen. The device is formed from multiple-filament

groups of individual wire coils.
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of an expandabl e prosthesis to a body | unen. The

device is forned fromnultiple-filanment groups of

i ndividual wire coils.
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WO 2005/ 037140 PCT/ GB2004/004385 2 US 6, 464, 716

(I nnercool Therapies, Inc.) discloses an endovascul ar
heat transfer device fornmed froma plurality of

el ongated articul ated segnents which are connected by

f 11EX6, 10646716 j(1ahdddos ’flﬁl‘alméﬂ Thd. )8 s h&mo%cmr%&t BhRfer device
S ugfd to contro

t gbﬂ%“eef‘ £‘t°ﬁ‘rae°q“’?}5¥ of ety 3ticupind segmepty é"htﬂ“ &feﬁOPWC‘Fﬁé}’ flexible
c goints ddrmed frb’ry pdtolwe pnflexibldbeer Thedaliadis atddencahavi vogp are

e P PG e et By Rt PR R apdabmer | cb, e

retai ner rod nust be made of a material which is

S |G L ver tem

F o ghARiadtn T8 By Shied UPPOI B BEMMER LR sk e o
f 31 & 8% (AMS/Mediengnt SA)depl oyi ng stent grafts can be

quite high and the retainer rod may be axially
conpressed as the stent graft is being deployed. Such

c dnpreissthrreipipenadimyst bampde dfe matsria which iy eudficicady flbndble to

AGRY B YelVerydGdMnPI BIMw ROELr ¢ 01 th@aﬁeﬁ?l the@U @wf\fer kRdh,Als

ex sion of the 15 retainer rod. This ra
ap(é‘,‘i’ rieplaying Yienk erperan be gyits bigh pesthe retaingrrod e bp axially

p cenipradseddd thef steht é’iﬂ’f is (ﬂaﬁé ﬂ%l@éﬁ Sth Jo'ﬂﬁre@ﬁb’d i ﬁndeﬁrable because
ai ner d is that it

s ﬁ‘d “8656% eagg‘img;gg etPPé{W%%ﬂPd tb% fhe ﬁ?j‘s‘b? Fradiad expeasien o thsr
t eainke lrddv ihis raljes txpansionrcani bk horetaiRr S @the SHeath ! prevehting
SHGRESS H %ﬁmg?%M%&xlsystenl 20 the position of the

devi ce e accurately controlled in rotation
so that features of the stent graft can be nade to

alhl fglqhe\(\'l‘etqnlre?r[‘nl:ﬁtt dt 'Pﬂé rfty%?;%@%cf]ig ﬁa{ 1?5%91515] g able trans‘;]mto tglls mg %f the

OI‘ el astic, contro evi ce rom
hﬁ\dé’ﬂf the delﬁeﬁw spigiern thropigh fq thestent grifyr InjasadcagsBid deliveny system,

e PofitidnAthe Fa@sh{eﬁlgeds@cgl% a@éurﬂel thHBEe%EFF&ta‘BiE)ﬁJ thhtl Gl o
| ane parallel to their tar vVess
the stent graft can be made to align with ana omy When the retainer rod is too soft or

elastic, control of the device from the handle is imprecise, making it difficult, for instance,

to ensure that paired legs of a bifurcated graft lie in a plane parallel to their target vessels.

Thus the requirement for flexibility suggests soft materials for the retainer rod, whereas the

requirements of torsion control and incompressibility suggest employing a stiff material.

In accordance with the invention, one partial solution to these contradictory requirements
is to employ a hard material for the retainer rod, but to cut it into short segments which are

free to articulate against each other.
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25 Thus the requirenent for flexibility suggests soft
materials for the retainer rod, whereas the
requi renents of torsion control and inconpressibility

woggess7ianpl oying a stiff material. In accorgapggoiidosss
the invention, one partial ssolution to these

contradictory requirenents is to enploy a hard
naterial for the retainer rod, but to cut it into
g € g ﬂ s which are, 30 free to articul ate
i SOl A n Flggs bisoudaye sempeTp R Do APbTa IBT.
3 arfibilsteSapainbtieadh dtiter tol prdvide b dleible] iAcdmlpedtiBle detdiddr WAl Ch
two segnments of retainer rod are shown, articul ated
agai nst each other to provide a erX|bIe,
i Mbosopties slitd @on tht piestace df dd. out'EhﬂleﬁE toprévent tlﬁeede'grﬁ&ntsliﬂﬁm

t t he out heat rev
l%? rﬁ{ng %r%?g ?ur er5com To (? gyg%gﬁodnq ege %ﬁ? %fre ’E‘ﬁ’hﬂ’%‘?ﬁ% ed
byarlshétlltgjnqqh‘efl’@n aﬂmsemt toftheanexte Ethiasbvéows thata practical device will

t;eamgegmm Qfsggsents [SP e B0 RECHIENG Flol yhe next. It

i s obvious that & evi ce MA$P61TGQUIYG a
multiplicity of segnents of the type illustrated in

Fi G4HH8r Problén fith tEL pBEt@l% t‘ﬁﬁ‘tl\(@ ctonlﬁ{)“e Fer AP Fo(ae}gi@T s o *laé
t he conp osite retalner r od ens as It 8
f ﬂ@‘iwalﬁa&ﬁ REPREdER Eppctiabfor aln?biwé_xeus requirinigduigh levels of flexibility.

applications requiring high levels of flexibility. An
rovenent over this first design is illustrated in
A

(FRRECVSIGRT; X FF tRiFHISbPsien s Y fstrted laflgu& 2yeich erpioys segmenisof

beliapd Ratbrid] ad Befor g h wkied albumgg e1ag st aé segllﬂauﬁﬁg PRt StePo®hat
ree oO articul ati on can be

ﬁ%?&ggégmﬂg#ﬁpgc?ﬂﬁ“Pg?gﬁﬁ@?mﬁ@ﬂe@@ﬁﬁP%@W§w“15 Havi ng

establ i shed the prlnC|pIes illustrated in Figures 1
ai.n .se tal .

co nsn%relﬂtg }/5\434#(} gcnp mgﬁ lef lumﬁ%fi e 191% ﬁs?l[ qnd l%ﬁ%@g’% fetapegrod

rhaslp ﬁqge@ntalcpohmuctw end in lvdiico Iheerabtting sust’aaes:&é moflifieh® improve

QRS QRARLEridits 6f§heoe9 bl&l i BB&SSE% &e@ns% lerlliwg‘%%odlf catlons stot the

nodi fications I'ng surfaces

Apuiting M@?CSF%IHPYlﬁiee%'dltlml ferfurgscor dance with a f | r st
aspect of the invention, there is provided an
articul ated device for advancing a nedi cal | ant

af 8FFgraanceatihedisyt aspeet of e pverdion diepr if srowgedaanan@ tefl dgvicsf
Wmﬁk&gaﬁﬁeaﬁgeﬂplﬁkﬂ@oﬂé 4 Qfheteh eheQRBY cotrlpritihd EpluBRy Rt
segnent beln |ng§ Ly connected to a

segments arranged ne afterthe othér in line, each segment being hingeably connected to a
single adjacent segment if it is at the end of the line and otherwise to two adjacent
segments, whereby a medical implant mounted at one end of the device can be advanéed
through a catheter by pushing on the other end of the device, the hinged connections

allowing the device to follow a curved path through the catheter

The provision of segments which have hinged connections therebetween means that the
segments can be formed from a relatively stiff material (such as a thermoset plastics
material or even a metal or metal alloy) resulting in a device which is capable of

transmitting a high torsional force from the operator to the medical implant.



10

15

20

25

30

singl e adjacent segnent if it is at the end of the
line and otherwi se to two adjacent 25 segnents,
whereby a nedi cal inplant nounted at one end of the

wieviose37emn be advanced through a catheter bW'ﬁEﬁ hﬂ%mms
on the other end of the dewi ce, the hinged connections

al lowing the device to follow a curved path through
the catheter The provision of segnents which have
hi nged connections therebetween nmeans that the 30
segnents can be formed froma relatively stiff

MRb preferttd &HbKEINGS, e sbORLRRREmiRl &5hla :?ass %tﬂ?rc or

tal all [t eV|ce
iRy Eeclpabh reyioed uider Gifradeirvgk Eoribnghrom Tl device

fassembled frastidhSe fiditsas e tb QardsiA® a KRG AR F I'W&%egem can
5/037140 .PCT/ GB2004/ 385 4 In a preferre

% IﬂIs,E))am ia %}?{essw% rcgégg%tﬁ g()0 ¢vons yyithageligibieshgrtening. Ina

gkﬁssdcmbmﬁmnﬁGﬂmﬁp@hy&heeﬁhaﬂﬁd%ﬁhﬁh¥ﬂ§mfg?QY%gggs1Ce
rom 1l con

Rl S a3 Neb AL 4 sy13 N Pl AN

rrbmimimugnh Slﬁtalkkahle@mnprmswefoafedehaxﬁglfgxtﬁd@bﬂdnihgas prefe'rablybI

@W%%Sdrgfgraﬁﬁ%gﬁblg tpre aﬁ%g@/\ﬁ ons with negligi ©

shortening aried nt therefore the
deV|ce |s f or ned fron1a material which is able to

ltl‘gcgié rts ﬁpﬁlﬁf&angf deﬁEhaL er ag?llo%fl}‘ﬁ cfé{'%g l’#{ﬁ‘ﬁiﬂ be
§ﬁ§%’?b$‘?drféfﬁlP 8 bbtﬂ‘rﬁ?@% ﬂvrémfberméeememh negligible

shortening is preferably 300N, nore preferably 500N
nd, npst ef erably 750N. 10 The segnents are
E‘r%‘i“’é F’alm";%r erfetase F%%Il@lw&ﬁ%wea¢msto prpthen, atilesst one lgeralany
bxet'egi 1ha)t bb il rpoaB &Rt R e eAidb YhaP¥ wilD&i; S‘g’ésa' c&geshgh%mg
se In order to trans er tor

am °$m‘$ gﬁPﬁ&@H§S§@§Wént to anot her, at Ieast one

Iateral 15 process nay be |ncorporated |ngo t he
e.acC spondi ng

PR b ftag Ao ol o, eGPl ey e e dara o e
Hﬁﬂ#ﬂ?@gw§M$Qa®@s have part spherlcal ends to al | ow
the greatest degree of flexion between adjacent

segnents. 20 ) ) )
In a‘preferred embodiment each segment comprises a male part (which may comprise a

ball and/or a pair of projections) and a female part (which may comprise a socket and/or a
pair of slots) the male part of a segment being able to engage with the female part of an
adjacent segment, and the female part being able to engage with the male part of an

adjacent segment.

The connection between each segment is preferably of the “snap-fit” variety which allows
for straightforward connecting of segments but prevents the segments from becoming
detached too easily in use. For example, the mouth of the slots on the female part may be
slightly narrower than the external diameter of the projections on .the male part, so that a
slight force needs to be applied to force apart the jaws of the slots and allow the projections
to pass therethrough. The slot width then widens slightly beyond the slot mouth to
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In a preferred enbodi mrent each segnment conprises a

mal e part (which may conprise a ball and/or a pair of
projections) and a fermale part (which may conprise a
wookrlzamd/ or a pair of slots) the nmale par{,mg(t’ R0004385
segnent being able to engage with the femal e par ? o#/ )
an adjacent segnent, and the female part being able

to engage with the nale part of an 25 adjacent

-segnment. The connection between each segnent is

praggammeggpty thefprajénsionsgm a gecirg slidingdit.i éttlyouglnthc lsegalehtoass whbleis

S trEl@t’l\Qﬂ'tsflﬁ er\ﬁ{ogld%)mﬁ%ﬁx%J}Qen@ge 1% e Bkrid (vﬁ\éﬁ ﬂtaﬁle to
t he segments from becom ng det ache too easl

udesilie ﬂ“é‘)&%‘ffp’é‘moﬁaﬂi%thﬁﬂelﬁﬁml’ﬁOWaﬁédme@f SgmpNty he f emal e

part nay be 30 slightly narrower than the external

di ter of the progjections gn the male part, so that
13"& Y JiPrachrad Ee%éﬁ@ % Srepeh @ iaggeterd d?‘B’F'E,YéY%%?'FPl?)ﬁe

J avgnefs whivh afd O iR Bidmetbr a8V & NEmPAEY. GhbdeAtSensibd BAESscaled

b %é%tap [ oglg gtf) B%Qr?feﬁgrggrto\é\g%@j Z%ge?b%%t%glgs f?uls Iaql(;] tFle%x/ch_ system
P@?lﬂ/l Eﬁﬂaﬁ)yégaeﬂaa@mxsnmbmd dik@etbd RS0 FRGEH RS will a

rg S E{nerﬁs F%P;nl 1% d%ar'%lettﬁ h ngatlo gfﬁﬁqgﬁxgtnﬁggﬁﬁ ﬁ%ﬁbe SB%meentsi i§c’

f @reiﬁq%@bl}f L b‘hi andrmedrieablealesigus catbeinmdaiyhee this raticeis idctemadi toys:1

;gﬁﬁr&%ngpmgr%?ﬂ%ljmg %tlgss hﬂﬁn&ﬁg&lnﬁ (flte§{1 ﬁ‘ig' el 1mgpn5]w1¢e§ dtjthae rﬁtio is limited
Frt@i’f»‘@we(l F.5nand B dwéﬁ semy red@ltlplve rSSvens?ss aveati, chy:satlo between the

S @ngﬁ QE@th%faﬁthe[a{aﬁ b@ reHE@ea 3 ldlI fngﬁwﬁgg tt}'galé t eérgt{ﬁgs

These di nensions can be scal e arger or sna

c &hagier thagy theipy gl begusestirey areamore elingd gy repjs indhessheattang tacause
1Ginfmmigch system will enpl oy segnents approxi nately 3
mmin dianeter and a 50 French systemw ||l require
segnents 15 nmin dianeter. The ratio of length to

d W&mﬁMUmfdegrEteof&ﬁgﬂEMSbeﬂWen]aﬁy péeddgdcat kepmbntd i ddfiB ds the

T(l_ﬁl’feeasle el%n%ﬂ%mapﬁxpﬁg%ne ﬁe V\Pea%gi L{;[? %l& cingltl.l%gxgéams of the
d_edj_alnldi.! segmand Thisegpelndd pntnynlym ihepatoneed the hirgh eonhertibobeitvgeen
! 'th@t\ll@g rﬁ %W&%& o}thgiba"il a@l?ﬂocﬁéti'intloff h%op‘f;erregdugod%n%rr]lt it
in streRgtin is accepta e, TS BE fhe
| depgrds oaghg r@lhfe/edizawétﬂmmog@mf the sacketaudthe textexmalmarrieter ofghe

i,m_fbgﬁllgﬁt%@tlﬁé Bart & tﬂ@é&mém@@hxaﬁg g?g%cﬁwntl?@@ﬁg;ﬁﬁrog@ggoc?(%%{hﬁrxe the

th because they are nore incline
s Reosegmenticirg eonpestid e In al[gefﬁ:rggﬁmnla@i_lment the maximum degree of flexion

is at least 15° and preferably up to 25°.

The segment is designed to be easily manufactured and injection moulding is a convenient
technique to use, employing an appropriately hard and sterilisable plastic. Preferably, a
single segment is designed so that features on a first abutting surface correspond with
inverse features on the second abutting surface. It is possible to design segments which
must be combined in pairs, although this is less convenient. With a single segment,
multiple units can be stacked to form a long, rod-like structure, while each segment can be

manufactured from a single injection moulding tool.
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The maxi num degree of articul ati on between any two

adj acent segnents is defined as the angle which the

| ongi tudi nal axis of one segnment nakes with the
wongistosdimal axi s of the adjoining segment. pdBicR2004/004385
depends primarily on the nagdure of the hinge

connection between 20 the two segnents. In the case of
the ball and socket joint of the preferred enbodi nent,

it depends on the relative sizes of the nmouth of the
socket and the external dianmeter of the segnment at

t IPeefpably, eath séAencifg H@B&ral’hﬂlapﬂblé tRat @ild»&%%ld@"& 113 aBJ]SJrroundmg
mout h of the so&ket when the two segnents

c STHFEETdaPast ergthpugh-efior é&n@hb%s'ﬁ%we@) e besetainsshin a tube

d daviggeanitef WakwWhibh isistiodh tol resd fridfondeleBi ﬁlfe ?Jb@ Qllldythé@grhéhts.
25. 25 The segnent is designed to be easil

manuf actured and injection noulding is a convenlent
t &rémicnbedinentubepbenpl @yitatedn citiepindds thabf] Weohadl snd the

S ref erabl Si segment i s
S ABE P A rBL LS, W Yoo S N B

C dvqs e@m)mcmdtﬂom itradaceesekmatts it éreoined brethe bk a pearl on a
apg&k&pg surface. It is possible to design segments

whi ch 30 nust be conbined in pairs, although this is
| ess convenient. Wth a single segnent, nultiple

U dofhe ﬁﬁdmcﬁroenssﬁﬂfeka%jad%&taf Qé'lm&edl@ﬂ therdgﬂcé 1?'&? Qups 9

structure il e each segnen can ared
f FERFHS ¥ tlﬂ@ f@f ingipnsettheogiounwiiscamenss f!ee@Ft thwl@mz@o@melmo

PidivaRe @Qﬁﬂ@% 35 tipb ThisefleleRB May b%@@lhpﬁs%g Hpﬂﬁeaﬂ%o fpes of

central axial hole that allows a Ide wre an

sHEPEn dicigemeatsof e frst bypg @Vﬁ&é@fcwn@*@wﬁrﬁé trgm thersegments of
ethasgabil tyfehe gui de wire(s) may be retained in a tube
having an outer wall which is snooth to reduce
friction between the tube and the segnents. 5 In one
ehitsoutilisrefithe scginent brelpesferably Highthtthachhgped to hatehar un@et@xddne

t eng the, interiar se ts are
r%tigl ne %%r% g%emgél%qee%‘wgv‘g VARt AgE Hime QC%WVP&*
if a segment does cone detached fron1|ts adj acent

ﬁ‘glgmgfggal Idrﬁen'rr?ayrbgb%'vﬂgdjm% ek lép)%vé folGe b PR crelntrzg i
of the segment. It w1ll be apparent to the skilled person that additional grooves can be

placed at other points around the circumference of the segment.

A typical delivery system may require between 15 and 80 of the segments described,
depending on the length of the device. However, in some embodiments, a greater number

of segments may be employed (for example up to 1000) to attain an overall length of 2-3
metres.

At either end of the device modified segments, or end segments, can be used so that an
effective interface is made between the segmental device and the handle components at
one end, and the segmental device and the implant at the second end. In either case, the

end segments will be designed to match the handle and implant components but it is
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In sonme applications, there are advantages in

assenbling the device from groups of segnents so

that, for instance, the group of segments nearest the
wanelse3qyovi de less flexibility than those pépEBRos/004385
tip. Thus the device may be conprised of at |east two
types of segnents, the segnents of the first type
having di fferent properties fromthe segnents of 15

|s of t
o eV AR B re RRe § hSSoH afemeis B EEPAYIC S et devie
exttme Ak the dEagll glegtured softhae !drqlrﬁ aﬁd’l&ma’(s @fn beara@mittbethfgad Bther

%gﬂl}l?én'gﬁs n%]QU?rEBr% tﬂa§ﬂ%(rgnlq¥ gv? nd conti nuous. 20 An

ional 1 unen ﬂgﬁ inthe formof a
groove | ocated off the central axis of the segnent It
VVIIJ[ Qccg@arﬁp %ﬁ §Egcorfdodsﬁeg€of§ll@nln}eﬁ%n ptﬁérg gglr(;\ﬁ(%h 3&1‘1% l mn %la
grooves can ace ot her poin arou
c idpviesras pfingd aboye aqdrrén@@gh@nlam nuntedpreerie end of the device.
delivery-system may require between 15 and 80 of the
segnent s described, 25 depending on the Iength of the
déwceef ancg, Wtk & third pipeet gfibe é\mgr,r%m ig proyideg esegment formidevice
ohs SEEERIdbG. My be enpl oyed (for exanple up to 1000)
to attain an overall length of 2-3 netres. At either
end of the device nodified segnents, or end segnents,
C &naob@'dalﬁedutls&)fduhﬂﬁsp&fﬂ of tBOinednti@; tereas proviedd Aa@nhddornmade

O LGS e LT PP EOE VAR € e RearR
akbdvh éaveoridplesichouhted @i dnbetd af dpelevitd) iisereigbaRiegienhs

' dt h.the h d | ant
caris B At RE i Putia®) s 393k f- B ca004/ 004385

7 desrrable that those aspects of the end segnents

V"‘N rﬁr'ﬂlblerrgf %Fei‘e@r%& er}%otdnnf%g%ﬁﬁig m%@tvﬂq%w q%%escglgéda\blﬁ 1lcncc

the mating features so that torque and lunmens can

t PSPV INeY it idirgh to other  conponents and to ensure

that flexibility is retained. 5 In accordance with a
cond ect of, the invention, there is provided a
tgur?c}rr@rs rapsApagic semppipldetaiaer qed qomapsing i ele. e aced

W&ﬂmdﬂblmgmhaﬂt mount ed on one end of the device. In

accordance with a third aspect of the invention, there

is provided a segnent for a device as defined above.
Figure 2 illustrates an improved version of Figure 1 in which the abutting faces have been

chamfered to enable a greater degree of flexion to take place without a significant change

~in length occurring;
Figure 3 illustrates a segment suitable for a device in accordance with the invention; and

Figure 4 illustrates two segments of the type shown in Figure 3 connected as they would be

in a device in accordance with the invention.

Turning first to Figure 3, this illustrates a practical design of segment which employs the

characteristics shown in Figures 1 and 2 but which includes additional features to transmit
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10 I'n accordance with a fourth aspect of the

invention, there is provided a nethod of advancing a
nmedi cal inplant along a catheter conprising providing
wodansiogas@s defined above having an inplant, @?HBﬁﬁgm“”“
on one end of the device, isiserting said end o

device into the catheter, and pushing on the other end
of the device. 15 A nunber of preferred enbodi mnents of
t he |nveqt|on will now be described with reference to
t HRFOEr SRRy 2dditionalipredhdingttysruges anq toimaipisst thassmpothgess ef the
s egrestcath whet fidxeer rod conprising sinple, plane-faced
20 cylindrical segnents; Figure 2 illustrates an

i nproved version of Figure 1 in which the abutting

f écgmerin awenﬂireesran itparbipngack dienepnihed ofla glmaelafordé@g ree

ol R R B i P oREF o ity R aneSi SE e

smpinabﬂa@prbmmaalydiem ce in accordance with the

invention; and Figure 4 illustrates two segnents of
the type shown in Figure 3 connected as they woul d be
i iPegmanéV hasendlqpag@ciod tamalseamB trhich veetiannesk ) and is cBffigured so

TP iR phikt 8 S orke Qegﬁegtl'éﬁé%ﬁe v&lmxﬁalh Lz{ryS%fr A0S §<ﬁﬁt segment. A

practical design

c RBFaigt efispampantssanstherofarcibn linked gndsty-end émlonzec{guz captespohding male
| R&d g8k pa@di tional features to transmt WO

2005/037f40 PCT/ GB2004/ 004385 8 torque, to all ow

addi tional |ongitudinal structures and to maxim se the

s mmﬁﬂrﬂ'ti’m% Smads pahb%om@%%ﬂalﬁhﬁﬁh@pm Mgk B??éj%@tm @tgr'm)m 1

r.ises an.integr at e orne
o REFar A B BIoEnHcH o REAMIGAE AT AT i eragpart 3 has
| eavigtttjoinf 9 wigtplipOX| amdta@hiy oflibtSToSuBsRaLiflyWarlié] tédhe lohgitudinal

W, de5k e RO it Of approximately 6mm

The mouth of each slot 10 is slightly narrower than the width of each lug 6, so that a slight
force needs to be applied to the lug 6 to force the jaws of each slot 10 to flex slightly and
move apart to allow lug 6 to pass therebetween. Each slot 10 then widens slightly beyond

its mouth to accommodate each lug 6 in a sliding fit.

In use, lugs 6 of an adjacent segment can be slotted into slots 10 so as to seat ball 5 in

socket 9 to form a ball and socket joint.

It will be appreciated that female part 3 is laterally wider than male part 2 which has to be
sized so as to fit into female part 3. Accordingly, it is the outer surface of female part 3
that is more likely to come into contact with the inner wall of a catheter into which
segment 1 has been inserted, and it is for this reason that outer walls 8 of female part 3 are
curved so as to provide a smooth surface for rebutting the inner wall of the sheath even

under extreme degrees of flexion.
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Segnent 1 has male part 2 and fenmal e part 3 which neet
at neck 4, and is configured so that male part 2 of
one segnent engages with fenale part 3 of an adjacent
wegosnizi40A 10 plurality of segments can thergéof 806004385
l'i nked end-to-end by connegting corresponding nale

and female parts. In particular, nmale part 2 conprises
ball 5 having pair of lugs 6 proj ectihngI | ater alj! y I
therefromjn an axi.s,orthogonal to the |ongitudina

a iy (R shovlss sovided lapehe ppitudinglLaats of e sxgereelat psiose o
Othpiicéritre) th plldi 2 puidecviee apdiurrotidiny shiGurtOto P Hesirbiih! ¥
parallel to the longitudinal axis of segment 1. The
mout h of each slot 10 is slightly narrower than the
wite putolt ehanriels|7wag Bovided irt thasduta wallioghinalefpart 8 fef siagtﬂﬁﬁ llttco
bg; j . . force the jaws of each sl ot
1%10??} thgs ets()??ﬁé%tegllli(/iyg'ﬁ% otrgl llfarros\%rém%rﬁ%irt to allow lug 6
to pass therebetween. Each slot 10 then w denﬁ I A

St B ; d t te eac u ,
ARG o Y Rt o Ral TR 1 4o AP G i
sugTbpfiseamat Fefully issarediiniortlass Bl afsepmeat Iswd el 1 of ssgrant 12 (not
bshbivn)Bsettd inSEUKKSY of feghent 1QhdNsRovitgl | and socket joint.

25 1t wll be appreciated that female part 3 is
|aterally wider than nale part 2 which has to be

Slit Zﬁ;be%ébna'ﬁ)ni Eigifré 4 thhﬂl’ac?wf?ﬁ@ lh&:k R3¢ ffssghan?}?ﬁg?&?él%n%éer bt
i the, outer surfac 0 em par
| i P PHSOCksH DT A5 EBHISIE £ SHTiclnt e foreimenai 0 satgyabout
cth¢ et @its lups 6 theRbe Mlowsgariegte of ahaalab@ﬁﬁgﬁeeﬁ In@&{il agdd
(0] ena

it Al hat .outer walls e .
ey 5l R £ SORER L AR Fhub Pt kot e itce
fsogmang bibaingrgtatet by abontelS degrbds sofhat theosdreatoe efteck 4 sfnder

f ion. WD 2005/ 037140
%%C%Trf%g%%ﬁ%d%z%é)g&géén )f'l umren (not shown) is provided

al ong the Il ongitudinal axis of the segnent at or close

118 usel FAwERNE k4 80ts@grﬁ’énlsq}1¥ 1GkEH s SRl ih @ig@r@‘l S hEupdi ng
structures to pass therethr og@g‘:]‘.h g%/\quecut -out channel s
[ 1

Pepgnding PR ifie dogthiohthe pathelsin fnég w dfabeinged. 4 msttical
SRGRRNE mdurktdd onIhedthll PMEA] wHibEMASR nfdifRl BELs tIHELR M T es
(?rrnplgrilt.mAlt re er? g t}cl:ct éélwr/igg distal to the implant, a modified segment having handles
is employed, the handles being used to apply force to the device both along its longitudinal
axis (to advance the implant through the catheter) and to rotate the device about its
longitudinal axis so as to apply torsional force to rotate the implant. Such torsional force
can be applied along the length of the device because of the lack of play between lugs 6

and slots 10 of adjacent segments.

In order to implant a stent graft, for example, in vivo, the stent graft is mounted on the end
of a device according to the invention and is then inserted into an outer sheath and
advanced until the stent graft is at the end of the outer sheath distal from the operator. The
outer sheath can then itself be advanced down a catheter, and a catheter inserted into the

vascular tree. When the distal end of the outer sheath is at the required implant site, the



Turning to Figure 4, two identical segnents 1 and 12

are shown in a connected state with |ugs 6 of segnent
12 fully inserted into slots 10 of segnent 1 and bal
woadssegrent 12 (not shown) seated in socke;,c,lg)cgg‘mmm3,h
segnent 1 (not shown). 10 hé can be seen from Figure 1
that the width of neck 4 is less than the interna
dianeter of the nouth of socket joint 9, and thus

S ffi for se nent 12 to rotate )
L B B b B v i e Somiert Gohe P ifpgegy dhe mventive
d@gweﬁ ThE opardtorcah aisilmtatemﬁevmtﬁgrsfewmm pla.ceaﬁdcurﬁﬁg B’ﬁﬂ)‘tatlng

}?el }lagc*l Letgfélar Sd %f g’ geq”ce l%lsnfgve?g)gess]ﬁ%ei apfﬁ a‘éﬁ her'igxt %t)rgar to

b;dewl@mﬁbe Stgrs gdiétgipee'@t tsausetcnapreisime obtht éwvusumﬁ:mStod privg @k
t dB¥ices S MR acdte AOMLiRg loloht itvbn@in A T RLesdhuity dholtSE 1o
bet ween 3 seg nents are as s in
FH@@W@S&nﬂ¥ﬁ%1muwber dependi ng on the | ength of the
catheter into which the device is to be inserted. A
medi cal 20 inplant is nounted on the end segnent,

whi ch nay be nodified so as to receive the inplant. At
the end of the device distal to the inplant, a
nodi fi ed segnent having handles is enployed, the
handl es being used to apply force to the device both
along its longitudinal axis (to advance the inplant

t hrough the catheter) and to rotate the device about
its longitudinal axis so as to apply torsional force
to rotate the inplant. Such torsional force 25 can be
applied along the length of the device because of the
| ack of play between lugs 6 and slots 10 of adjacent
segnents. In order to inplant a stent graft, for
exanple, in vivo, the stent graft is nounted on the
end of a device according to the invention and is
then inserted into an outer sheath and 30 advanced
until the stent graft is at the end of the outer
sheath distal fromthe operator. The outer sheath can
then itself be advanced down a catheter, and a
catheter inserted into the vascular tree. Wen the

di stal end of the outer sheath is at the required
implant site, the WD 2005/ 037140 PCT/ GB2004/ 004385 10
sheath is pulled slowy backwards with the stent graft
being held in place by the inventive



devi ce. The operator can easily rotate the stent graft
so as to place it accurately by rotating the handle
at the end of the device. Mrreover, pressure applied
to the sheath in order to dgploy the stent graft does
not cause conpression of the device, in contrast to
prior art 5 devices. Thus the device according to the
i nvention can be successf y;l | oyed to inplant
stent grafts in vivo. 11 E%f%#ﬁgpl. An articul at ed
devi ce for advancing a nedical inplant along a

t he device conprising a plurality of

i%&ﬁﬁ&@%‘%@@& fofadvanq ag a medicat imeplantglangraccatheterhthe device
e ishel H [ . adj acent

S ecyorisR dYluld A e AR AR et 4 B DGR SRR R

t o segmenidjeaghingabhnenhestedver shyle adjredit sédméntif i fitat the end

MU, dl.at 0 end of the device can be advanced

t hro u@% e ?!‘é*? ‘?3%‘?’&’#5369 e 2Rt sFEmente wWherrby adnedienl implent

devthégnted ftonkieNd BFtHE ARMRE LAPPS ad)ah QN tﬁg)tugﬁ g ¥t By E)Sshin gon

followa curved path through the cat
chdhaether engdeef theydevies, theduhgeslepmeertions alitetiag ttedd eviderto ollow a
2. A device as clained in

it ' nt(.s).

cl Zﬁu%%f,ap%\a\ﬂ%@%ﬁq%a% h%eégrrent conprises a nale part
anctharacfeeis®l i@ thalehch ddamefPisRleR@hdblOfrom iBQARBL: é@gﬁne&(s).
able to engage with the female part of an”adjacent

segnent, and the fenmale part being able to engage with

h : : : - ad] .. 3. A.devi
' TBEs A bnlel i PARY, RGN SRR e PomplieS ikl P and o

paifemale papty the@edlé parsofensbghivat beang bisle Bbidgag® Wi tRE fenfile part of
sl ot for accggtlng the projections. 4. A device as

cl &Adicen segtheth dghe Emalpears being Rele e Preaga mith the male part of

COompllif8entdecaldt, and the female part conprises a
socket. 5. A device as clained in any preceding claim

wherein the segnents are fornmed from a material which

S Jciently stiff to allow a npment of at |east |
%ev’&s Q%J‘%ee%sr%a‘mié% i elaim Mﬁ?wae nfeo?fgwwsa%@/ paigof 6.
A gesjeainaandtheiferd eipartbiphE@CEIbier §dc@bR IRE Hhbiect;
includes from15 to é% P bRRE plojections.
4. A device as claimed in claim 2 or 3, wherein the male part comprises a ball and the

female part comprises a socket.

5. A device as claimed in any preceding claim, wherein the segments are formed from
a material which is sufficiently stiff to allow a moment of at least 1 Newton metre

to be transmitted through the device.

6. A device as claimed in any preceding claim which includes from 15 to 80

segments.

7. A device as claimed in any preceding claim, wherein each segment has a lumen
passing through its body along its longitudinal axis, so that the plurality of lumen

substantially align to allow a guide wire to pass therethrough when the device is in



segnents. 7. A device as clained in any preceding
claim wherein each segnent has a | unmen passing
through its body along its longitudinal axis, so that
the plurality of lumen subspantially align to allow a
guide wire to pass therethrough when the device is in
12 use. 8. A device as clained in any preceding

cl aisg) wherein each segnent has a channel in its
outer wall so that the plurality of channels
substantially align to allow a guide wre to pass
%hg& thr ougg when the device js in use. 9. A device as
&1 di ‘é“’?ﬁ AUNSST 1B @BY PrRGeding cla{mymbsreinpaghheegment basaf channel in

t hetd irgtwall & t‘hﬁ'ﬁhe )Mu.?laﬁﬁ& oﬁb}ﬁiﬁﬁ%l@ rsut%ftant?gf;[!é1 Flzggto Oanlto# a guide

in the range 1:1

anyVise cags ngrftthraugh whbre theidevichas imasse.num degr ee of
articul ati on between the | ongitudi nal axis of one
segnent and the longitudinal axis of an adjacent

Seguealice & @ainledad bny precdding @lahh twl?é?@fﬂrtlllesllagg o?fﬁqgﬁﬁﬁ to the

as clainmed in any preceding cl aimand a ne

i npYidest diamieniaf aghsegmentisdn tie rahge dévwo £6. 12. A kit
as claimed in claim1 1 wherein the nmedical inplant is
a vascular graft. 13. A kit as clained inclaiml 1

o0 Al@evacdastdlainetliy acppiRtédihd@aitn, dehdrMB itve rﬁ@ilhﬁﬁf?a gree of
14. A e%n?pt for a device as claimed in any of c alns
1 taan t etween the longitudinal axis of one segment and the longitudinal axis

of an adjacent segment is at least 15°.

1'1. A kit comprising a device as claimed in any preceding claim and a medical implant

mounted on one end of the device.
12. A kit as claimed in claim 11 wherein the medical implant is a vascular graft.
13. A kit as claimed in claim 11 or 12 additionally comprising a delivery catheter.

14. A segment for a device as claimed in any of claims 1 to 10.



