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Dascription
BACKGROUND OF THE INVENTION

This disclosure pertaing in general tp the field of ubular vascitar prostheses. More particuiany the
disciosure reiates fo & vascular megical device being a covered sient, stent graft, endoluminal prosthesis or
endoprosthesis for liguid commurnication with one or more Side branch vessel{s). and & system of such
devices, Als0, medical procedures or deploying such devices and systems are disciosed. The targeisilem g
patient inCiudes for mstance at least a portion of an aoria of a palisnt. More particulasly, reaiment of al igast 3
portion of an aoa of a patisnt by mpiantation of such a deviee or systent in a medical procedurs 18 discinsed.
The madical procedure is preferably mmnimally invasive vascidar repay.

Descriphion of the Prior Ard

it s known 10 use modular coverad stents or stent grafts for treatment or repat of vascutar diseass,
SLICN 85 &.9. an aneuryam, WO F005/027784 discloses a system of modular coverad stents for implantation in
a diseaseg vessel, where the covered stents have aperiures along the midsechon of the covered sterd. The
apettures are used for algning with branch vessels of 8 main vessel s ihat further stents can be comnected af
At aperture from 3 main vessel stent, The aperiures nesd {0 be precissly asgned wilh the oshia of the side
vassais. From he main vesse! stent, 8 urther stent graft protrudes then from gach aperfurs ko the branch
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An undesired 1asue with such known devices 18 that it is dithicull for the opearator o corrschy anplant 8
ant-gralt prosifiesis i a main vesse! alighad with tranch vesssls. Aperlures or branchas from e man
vasssel stent-araft prosthasis have 10 be correctly posiionad © he man vessal iy reiation to the positon of the
branch vessels. Ths branch vasse! 1s 10 b in iguid communeabon with he mam vesssl, e, hrough branoh
vassel stent-graft prostheses of porlion of a arger sterd gralt unil with anms 1 1he branch vesses.

in international patent application POT/APLM7/062808 and &P 3248 572 Al {published alter the
prionty qate of this present application) of the same apphicant as the present apphication, which are
mncorporated hersin Dy reference w its entively for ait puroses, a stent-grall prosthesia and a method for
navigating e sient-graft prosthesis fo a branch vessal is distiosed. The stentgrafl prosthesis nCiudes a main
bogy and atleast one lateral side branch conneciad fo e main body, A syslem of covered stents ang a
redhod for implaniing, ncludng intercorneckng the slend-grall prostheses 1z also disciosed. Side vesset stent
grait prosthesis are disclosed in PCYEPZ2017106280% and EP 3 248 57¢ At which may be delivered 10 a sige
branch of 2 main stentgratt prosthasis through a special guiding cathister having 8 guiding mate threadable
over a quiding slement. The system is unigue and innovalive fself tut may be urther improved.

i B 2 806 857 At 3 gysten 13 disciosed which includes an endoluminal prosthesis and a guids
witg, The prosthesis includas a fubular body including a gralt matenal wall, proximal and distal end openings, a
men, and fvst, second, third, and fowrth fenasirations in the wall. The gQugde wire may have first ang seqond
enas extending proximat of the proximal end opemng. The guide wire may enier he proxmal end apening, exit
the first fenestration, partially traverse an exlerior surface of the prosthesis, enter the second fenesiralion, and
axit the proximal end opening. No portion of the guide wire may exiend distally bevond the distat end opening.
Howsever, navigation of side vessel stent grafls s difhicult.
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it the paor art, systems of covered stent moduies are provided wilh slent-gralt prosihesas thet have
arying clamester in 8 ¢, a aperad shape. They are connsotad by inserting a first foldad taperad 3 “aapau
stent-graft prosthesis into 3 second expanced tapered shaped stent-grafl prosthesis. When the Brst stent-gralt
Orosinests 1s expanced, the two sientgratt prostheses jom a connection. Such a system ¢auses an
URNRCessary adgditionat fask for e operator 10 Kesp rack of in agdifion 10 kesping rack of all the stent-grall
prosthesis modudes not only deing i the right oeder, iy the nght divection before and dunng the enlive operation
but also nesed 10 keeD Fack of where and how these twe congs il 1o each ofher. in contrary, exampies of the
prasent disolosure provide for a simpler, safer and quicker procedure of mplaniation.
There s a nged for g further immproved medical device andior system, or medical procedures that gre

sater, avoiding ihe alcremeniioned drawbacks of known systems and procedures. Fraferably a device andior
system or method 15 desirad thai makes the operation tmes shovter and delivery of ihe devices easiar and
more reliable 1o a lateral branch vessel. Procedures are desired 1o be more gasily pardommned by the @pﬁaamr,
Simphlied mplantation procedurs 1§ desired. Complication rale 18 desired 1o be reduced. Novel medica
nrocadures with reduced patient nisk are desired. Simpler implantation is desirad. Medical proceduras are
desirad, which ¢an be performed despite the Badt that they would be avoided today n g nsk assessment of
patignts, For mstance as known alent sysiems wouio have implisd 100 High 18k icar comphicalions and opsn
chest surgery 18 no oplion 1o many paliers, i parkcidar eiderly pabients), such sinpised mplanialion, or
devices faciiating simphfied implantation, are deatred. Less Xvay dosage nesds d during the procedure is also
desirsd. Henoe, thers is a desire 0 be abile o provide novel medicat pro eda res, impiving reduced patisnt v
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SUMNMARY OF THE INVENTION

Accordingly, examples of the present disclosurs p ref{ﬁrabiy sesk o mitigate, alleviate or sliminate
one oF more deliciencies, disadvantages or issues in the art, such as the abovedidentihed, singly or in any
combination by providing medical devices, systems, and mexi*r;d according to the appended indepandand
gatent claims.

The inventon is defined in the appended patent clams.

The prasent novel stent-grat! prosthesis system allows, amongst others, for ndavidual, single delivery
of side vesse! stant branches, Examples of the invention descenbed below aliow agvaniageously reducing ime
for part of or an anbre procedure. implantation ime & shorlened compared to the prior ant systams, and thus
for instances the iotal dose i advantageously reducad, The angie of the x-ray modaiily needs o be changed
58 often than reguired by the pnov art systems. Less amount of conbrast medium © nesded. Over all the
below disciosure provides fof reducing potential side effects for e palient. Morgover, the costof the
procedure will be reduced.

A reliable and stabie delivery with precision postioning s provided while A-ray GOSagR 18 reaucsn as
A-tay 18 0ot needed of substantially regducen 10 Ind the nght overap position for expansinn ¢ f i 8 prosihess
o0 al implantaton.

The device andror system may De used i1 exampies of medicat procaduras and miethods as
deacnbed herain.

Aspecis of the disciosure wclude, dit are not lirmied 10, a stent-grafl prosthesis.

11 & broad sense, a stent-gratt | nsmst 19SiS 18 disclosed. R oomprises

& body having a generaly mmﬂar wall structure. The wall struclure of the stent-grafl prosthesis

includes an anfice element for recaving a guiding slement.
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the stent-grall prosthesis may s be delivered, preferably 10 g sde branch of 8 main stent-graft
prosihesis along a guiding eement that is preferably at s distal end permanen ii OF fﬁ:@gqmiv aitafi“ﬁi at the
side pranch, preferably at an end portion of the side branch having the guiging elements distal end attached
fherato.

A kit is disclosed mciuding a first (main) stent prosthesis having a lateral branch and a secong {side)
stent-grafl proshesis accordmg o such a broad sense. The first stent-grafl prosthesis hawng at lsast one
bendabie andror lexabie guiding siement being distally permanently of relgasably aiiached o an intenior of the

at ieast ::mp the branches at a distanee from a distal edlice of the branch,
A system s QisCiosed inciuding such 8 Kit, wharein the guiding slgment Is proximally extending

through the onfice stement for guiding the stenbgralt prostniesis o the faleral branch towards the distal arifice
of the branch dmng gelivery, such that the orlice slement 13 the stent-graft prosthesis upon delivery is
arranged with a proximal ovenap in the iateral branch,

: methed of maniaciure a slerd-grafil prosthesis s disciosed compnsing rowading a gensrally
fubuiar wall siructure of the prosihesis with an onfice alement for recaiving a Qurdmg alamant.

A method of deltvery a stent-gratt prosihesis 1§ gisciosed, ingiuding 10 a vascular struciure delivening
a first stentgraft prosthesis having & side branch, the first stenb-graft prosthesis having a guiding slement
distaly pewnanently or releasally attached o an intenor of the at isast one the branches at a gistance from a
gistal arifice o ihe b 3%@*‘} moving the second stent-graft prosthesis along the quiding slement &ranged
through an onhics slement of the segond stent-grall prosthesis, and expanding the second 3*3!’1@{5?
prosinesis wilhy a prodamai overap in ihe side dranch when e onfice siement stops against a qislal end of ihe
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QUG slement.
The prosthesis 800 includes  a body having 8 generally tubular wall stucture, The wall struchire

nciudes an orfice glemeant 814 for recening a guiding lement 10, The ortice slement 13 ke

giscding mate in e prosthesis for receiving a guiding element 10 there through. The distal end of the guiding
siement 10 1S arranged at g connection point 11 at 3 first prosthesis. Advanoing s prosthesis 600 over the

guiding slement 10 aranged through the onfice element 610 untit i distally stops, provides a defined dista

posibon of the prosthesis 16 during delivery and implantation i relation to the firsl prosthesis.

The wall slructure may have an overlap region for mterconnachion o another stent-grait prosthesis.
The onfice elemeant is then Jfﬁ‘%f‘ﬁd y arranged at the gveriap regions. The ovadap region i prefarably
afrangsd al a proximal end region ¢f the wrosthesis booy.

The guiding element 10 s slongate and suifabie to exiend through biood vesseis and 1o be distaily atfached or
connacted o the body.

Hreferably the guiging stement 10 H s a texiile thread or sulurs thread, oplionaly with a radiopaque
marker, such as & hiducial marker andior a radiopaque elongate marker extending al ieast along & portion of &
lengih of the guding elament 10,

The quiding alement 10 may alternalively be a {stiffer) elongale siament iike a wire. A wire has the
advantage that i avoids bustup of 3 knot or mudaie of the guding slemant when a prosthesis (andior
catheter) is threaded along &,

1he onfice siement may be an 3 nure 0 the tubular wall structure. The aperture i3 preferably an
avelet in a wall material of the wall and preterably has a reinforced periphery eoge or & reinforced panpheral
region such as in the wall material adiacen ﬁ:ihe evelet. The reinforcament may be provided by a sullable wirg
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gecmetry of the slent siructre of the prosthesis. For instance a heat set wire or laser ¢t struchsre may have
an eyelel around e gperfureMole of he onlice elemant 510 1 the wall shucture of the prosiess.

The orfice slement may U2 a side opening or apsrturg i the wall stuchss,

The tubular wall struciurs has an outside. The orifice slement may i examples be amanged at the
cutside of the wall. The orfice elament may be an ayaiat or a thular element for receiving the guiding eleme
1Q.

The wbular wall sbructure nas anmsids. The oalice sloment may 10 examples be arranged al the
nside of the wall, oy nstance the onfice slement may includa an slongats such a8 tubular strugturs oy
receiving the guiding element 10, The siongats struchire may be aranged at the inside of the wali proximaily
AR onemeé owards an aperturs i1 he wall. The guxding element 10 may thaen be aranged through the
apeniire and the ubuiar structure,

Alternatively or in addition o tubular shruclureds) cutside andior nside the tubular wail structure,
migliiple sysist struclures may be provided al g suitabls distances and along & sudabla lengh to recsive he
quiding slemeant irough hie evele! structuras along he length, The sveled struclures may be circular, oval o
nave othar suitabie cross saclions.

The onfice element may 2 arranged at a rolabonal posiion of the ubutar wailt siructure for
iaciialing a rotationat position ¢f Ing DOy Lpon galvery.

the onfice slement 13 In exampies a guiding mate. The guiding mate is conhigurad for recaving he
quiging slemeant, such that the slent-grafl prosthesis 15 contigurad o siide along he gucing element 10 duning
detivery over the guiding mate U {0 the onfice of e Tirst stent-grait to de connectad i the secona stenf-gratl,
such a8 of the bBraneh.

Uelivary ang deployment of the stenbgraft prosthesis is done trough a delivery lumsn of a cathetsr,
The guiding rﬂai i‘ oF receiving the guding slement preferably has a dislal end posiboned proximally al a
distance from the dislal oriice at a connection poind, such as of the side branch. in this manney the stenbgralt
prosthaesis g;‘sze oty extends gistally beyond the connachon pont when the guiding mate § engages the
connachon pomnt.

The guiding stement 10 is praterably made of a biogegradable matenal,

Aspacts of e disciasure nclude, a kit of 2 first stent prosthasis having 8 Blerat branch and &
second stentgrafl prosthesis acoording to the above gspect.

The first steni-graft prosthesis may have atleast one bendabis andfor Hexible quiding elament 10
being distably permanently or releasably attached o an ntenor of he tirg! stent-graft prosthesis at a distance
from an onifics thersol. . The quiding slement 10 may be distally perma F‘Qﬁt‘} Of releasably atiachad 10 & lsast
at one of the branches and at a distance from g distal onfice of the brang

ASDRCES OF e JISCIcRure Mcide, a systam inciuging the kit of thﬁ-:r afore aspect. The quiding element
10 18 preferagbly proximatly extending through the onfice slement 1or guiding the slent-graft prosthesis 10 a
ateral branch 3 lowards the dislal onfice of the branch 3 during delivery. In this manner, the stent-gratt
OFOSINASIS 15 Upon detivery aranged with & proximat ovenap in the ateral drangh.

Aspecis of the disclosure ndiude, a mathod of manufachure a stant-graft proathesis. The mathod
miay Inciude providing & ganerally Wubiiar wal structire of the prosiitesis with an onthice siemert for receiving 8
Quading element 10.

Aspects pf the disciosure nclide, a method of delivery a slen i_ g:g raft prosthesis. The method may
Wude datvening a frst stent-gralt ¢r03t§ 5 having a side branch 3 in a vasaular struclure, The first stent-
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grait prosthesis having 8 guiding sismeat dislally permanently or relgasably altached {0 an wlenor of the &l
leagst one the branales {3) at 2 distance fom a distal onfice of the branch 3. During delivery, the second stent-
gratt prosthesis s moved along the guding slement arranged through an ontice element of the second stent-
grafl prosthesis. The second stent-graft prosthesis is thus expanded with a proximal overiap in the side brangh
J wihen the onhice element sfops agamst a distal end of the guiding slement 140,

The quiding stement 10 may provids secunng of two prosthesis together, Upon expansion ¢of the
orosthesis BOU i the firs prosthests, & locking slement may be Hreadsd onlo the gistal end of the guiding
atement 10, The locking elament may be a ralohe! tyne Incking element. The locking alement may be a knot.
The knotnay be advanced alony the guiding slgment 10 by means of 8 known knot-pusher devics. The
portion of e guiding glemernt 10 proximal of the positionad and iocked locking slement may de cutfremoved
ouf of thea dody,

the stent-grall prostheses discussed herein are in an exampls seif-expanding, or i angther
example expandabie by another device, such as an milatable balloon,

Further examples of the disclosure are gefined in the gependent claims, wherein features for
the second and subsequent aspects of the disclosure are as tor the first aspect mutabs mutandss,

Some examples of e disclosurs provide for an nproved navigation of and assembling of a stent
gratt prosthesis or a piurakly of stenlgratl prostheses. The stends 1o he assembled are 10 provide fuig
cormmunication wpon delivery and assembly. bor instance, a stentgraft prosthesis may be advantageously
posiboned 10 8 S8 branch vessel rom 2 main vessel, Huid commumnication may be provided from a trst stent-
grait prosthesis i e man vesset 10 a second sient-graft prosihesis 1 such sice vessal. Hud communication
MAY aiso he provided in other configuralions requiring oveniapping assembiy of & pluvality of modular stent-
graft prostheses.

The term covered stent ¢ stent-graft prosthesis means a slent or stent-graft having an nner andfor
outer iner, shell or baing otherwise surrounded by or provided with a liquid impermeable fabric or matenial. the
covared stent can be partly or fully covered. A covered stent can also be called a stent gralt or an
encoprosthests. Generally these stent-grant prosthesss are fubular prostheses. The fubular prosthesis such
as stents, grafis, and stent-grafis (8.4, slents having an nner and/or auer covenng compnising graflf mafenal
and which may be referred fo as coversd slents or slenbgratt prosthesis) have been widely used o trealing
abnormakifies in passageways i e human body, In vascutar applications, these devices offen are used ip
eplace Or bypass occiuced, dispassd O damaged Siond vessels such as stenolic or ansurysmal vesseals, For
example, i well known 1o use stent-gratts, which comprise biccompatitie grafl matenal {e.g., Dacron®ior
axpandad, porous potvielrafiusroathviens (eM ik} supported by a framewark {8.4., one or maore stent or
stent-ike struchures), 1o treal or isoigle aneurysms. The iramework provides mechanical suppon and e gratt
material or kner provides & blood barder.

A sige branch 3 may be laterally extendable andior collapsibie, 1.8, expandable in a dirscion of &
onGiuGinal axis along e sids branch 3, which divechion is preferably substantially pspendicular 10 a
ongiudingl axis along amam body £ of a stent-gratt prosthesis 1. Altemnatively, o i addilion, the side drangy
J may be expantabis in a ransverss cirechion, 1.8, expandadis ransverse 1o he Grechon of an axs along the
side yanch 3. The side branch 3 may comprise a stent-gralt prosthaxis and may in 3ome examples be g
covared stant.

in examples, the side branch 315 aboul tem o 1,5 om laterally extendabie,
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The side branch 3 18 i an exampie integral with the main body 2, eithar by the steni-grall prosthesis
of the main body 2 gnd the stent-graft progthesis of the side branch 3 being mtegral, of by the cover of the
main body ¢ and the cover of the side branch 3 being integral. In an example both cover and slent-graft
prosinesis of the man body 215 inlegral with the cover and stent-gralt prosthesis of the side branch 3. Whan
the side branch 3 compnsas the stent-gralt prosthesis i s shiffer and can hen resist more hanﬁléng when &.4.
deploying andior e d@piwmq ary further coversd extension sleni-grafl prosthesia, This also aliows for the
side branch 3 o fonm a Yghler connsction with any further coversd extension stentgrall prosihesis out from
the side branch 3.

Addionatly, this allows for using a slent-gratt prosthesis or & pluralily of slent-graft prostheses in g
system and assambly at the implaniation arget side, 1.8, not pre-manufaciured O & 3peoific palient. This 15 an
aQvaniage over known 3y-:;—,~tnm» }{mwﬁ systems included hitherto pre-busl, palient spedific endoprosthesis,
Usuatly, an image modality 1s used to scan the vesse| system including the target site, 2.6, 8 weakened aorls,
agrlier in fime. the enda;mam:essa 1S therz manufactured based on bhe magng data and delivered 10 the
surgeon for mgﬁa*‘ﬁ@tm This manufactuning of a patient speciic endoprosthesis usually akes days (o weeks,
which 18 undesired. The analomy of the vassal may changs dunng [his wailing Bime. The consequence may e
that he manuiactured encoprosinesis goes not it he pablent anymore, AlBY, I8 wailing time 18 undesived as
the patient mosly i it inmediale need of e endoprosthesis, 8.4, 10 avoid ruplire of an aorlic anelirysnt §
desirad, however, speciic smbodiments of the stent-gralt prosthases of the prasent disclosure may be
manytactured palient spectically. A slandarg setup of diterent sizes readily availabie for impiantakion is
preferred, though, 85 wailing iime dus o manulackiing 18 avoided.

it should be emphasized that the {ern “compnisssicomprising” when used n this specitication is
taken to speoiy the presance of Stated features, integers, sleps or components bid does not preciids the
prasence or additon of one or more other fealures, inlegers, steps, components oF groups theveo!.
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BRIEF DESCRIPTION OF THE DRAWINGS

These and olhey aspects, features and advaniages of which exampies of the distlosure are capabls
of wall be apparent and elugicated from the foliowing description of exampies of the gresent disciosure,
referance heing made {0 he 3COOMPANYVING Srawings, in which
Fig. é’s g schemalic lustration of & stent-gralt prosthesis with & side brandh,
Sig. £ 19 8 schemalic iiusirabon of a stent-gralt prosthesis with a side branch and a guiiing element;
Fig. 318 8 sehematic dlustration of a stent-grall prosthesis wilh & guitiewire arranged therem angd an
axampie of an onfice slement for 8 guiding element;

Fig. 4 18 & schematic dlustration of a stent-graft prosthesis partly deliverad in an overiapping manner
hetore expansion and ixation;
Sig. 938 @ schemalic tlustrabon of & stent-gralt prosthesis geln err:a:** AN OVenaung manner:
Fig. 618 @ schemalic iustralion of a stent-grait prosihesis with a side tranch, and a cathster wilh 8
GLIGING male for guiding the catheler for gasy navigalion of the swie sranch,

Fig. 7S a sohematio dlustration of & slent-gral prosthesis before and after the stent-gratt prosthess
s fully expanded,

Pig. 15 & schematic #ustration of a stent-graft prosinesis with three iegs, and 8 naviga
and a suliyre for easy navigation o ali three legs;
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Fig. ¥ 18 A sohermna tc:., tiustration that shows a sysiern of different slent-graft prosihesis swoules for
implantation inside the gorlic arch and thoragie aoria of & patisnt

Fig. s ase h\.-. matic fustration thal shows the system of Fig. 8 when has been mplanted ins
the aorta of a patient;

Figg. 1118 8 Row chart of an exampie of a medical procagurs; and

Fig. 12 8 8 Row chart of an example of & manwlaciunng method,

(L L L

e

W Ty

DESCRIPTION OF THE PREPERRED EMBODIMENTS
Speche exampies of the disciosure will now be desenbed with reterence o the accompanying
drawings. This disclosure may, however, D embogied in many differant fomms and should not be consivusd as
imited 10 e axampies sal forth hersin, rather, these exampies are provided so fhat this disciosure will b
thorough and complete, and will fully convey the scope of the disclosure fo hose skitled in the art. The
ferminoiogy used in the delated descrplion ¢f the examples dlustraled in the accompanying drawings 18 1ot
mniendad [o be limiing of the Qisciosure, in the drawings, like numbers refer {0 Hike elements.

The ToRowing CestYiphion 100USaSs on an exampie of the present GISRIosUIe apphcadis 1 a medical
device and i parbiaudar o a medical device for faclitating navigation of and assembiing of & stentgratt
orosinesis or a piuraiity of stent-graft prostheses in communication with al least & side branch vessel the
implant can he used tor realment andior repair of vascular diseass, such as e.4. anburysm. The axample is
tlustratec with an arvangement in the aorta. The vesset ke the aoria may be structurally damaged of diftsrent
FEASoNs and nesd repair along at ieast a porlion of the aorta 500, Sometimes axtensive endoprosthes:s ars
needed for aoriic rapair, pardy or alt the way fi‘f.‘“n fhe ascending aorta 501 wig the aortic arch 507 down the
descendng aorta 503 and along the abdominal aorta 504 past the renal artaries 505,

Fig. 118 a schematic lustration pf a stent-graft prosihesis Twitha side branch 3. FQ. 2 88
schamatic tlusiration of a stent-graill prosthesis with a side branch 3 and a guiding slement 10.

Mg, J is a schematic flustration of a slent-graft prosthesis 600 with 8 guidewire arranged therein and
an exampie of an orihce slement 510 for a guiding slement 10, The distal end portion is eniarged in part A ¢f
Fig. 3. Pant B of Fig. 3 shows the prosthasis 800 cotapsed {catheler andior raghraining member not shown)
with the gu:mg element 10 sasily insertabls through 8 onfice slement 510, here 1 an exampis mcluding A
tube 620, Fg. 4 is a schematic lustration of the stent-graft prosthesis 800 parlly dedversd it an ovedapping
nanner before expansion and fixation. Hg. & 15 a schamatic dlustration of the stenk-gratt prosinesis 6l
detiverad in an overlappng manner. kg, ¥ 18 a sirmiar schemabe dlustration of a stent-graf prosthesis 600
before and atler he stent-gralt prosihesis &UG is fully expanded;

The prosihesis 600 may includs a body NavVIng a generally Winwar wall struckre 805, 1he wal
structure 805 preterably inciudes an orifiice slement 510 for recsiving 8 guiding slement 10

The prosthesis U0, i patlicular its wall structure, may have any oveap region 630 or
yerconnaction o another sient-graft prosihesis. The onfics alement £10 15 than preferadly afranged at the
overiap region 830, 1he oveniap regian 630 18 preferably amranged at a proxmal end region of the prosthesis
oy,

ﬁ
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Hhe guiding stement 10 is slongate and sitable {o xdend through blond vessals and to be distaly
attached or comnected 10 the hody. Preferably # is a texdile thread or suturs thread, optionally with 2
radiopague marker, such as a fducial marksr andior a radiopagus slongate marker extending slisast slong a
portion of a length of the quiding element 18,
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The onfice slement 510 may be an apsriure n e tubular wall struclure. The aperiure is preferabiy
an eveisl 1 3 wall matenal of the wall and preferadly hag a rainforCsd penphsry edge of 3 reiniorgsd
penpheral region such as in the wall material adiacent the eyelet. The orifice slement 810 may be a side
openIng of aperiure i the wall siructure, such as shown in the Figurss.

The wbutar wall structure has an outsida. The omiice slement 510 may it exampies be avanged &
the pulside of the wall, The orfice slement 518 may be an evalel or a Wwhular element for recaving the guidng
aiement 10 at e oulside of the wall. it may be arrangsd al the outside only, such that it does not compnse 8
through going hole or aperfure in the walt shuciure,

The tubular wall structure has an inside. The orfice glementd 810 may i exampies be arranged at the
riside of the wall. For instance the onfics slement 610 may include an elongaie such as wbular structurs EQQ
{(exampie in Hig. 3) or recaiving the quiding slement 10, ih8 eianga*e siructure may be amranged at the inside

of the wall provamally and onented towards an aperlure in the wall, The guiding element 10 may then be
arranged through the aperture and the tubular structure.  may addiionally include an oniive slement &t the
outside of the wall struciure for guiding the guiding siement 10, Bk an eysist or open 500K type slemen

Alternalively of in &G{fﬁiﬁn fo tubular struchurels) outside andfor inside the tubulay wall shructurs,
mulple eyelel, Hap, skirl, fold or open sock type structures for recsving a guiding sigment 1 here through
ke & aud TG mate. Mutiipie oriice slements may be provided al a sintabie distance front each other and along
a suitable e ngth to raceive the quiding element through the evalet structures along the length. The syelel, Hap
OF open sock sinuctures may be ciroular, oval or have other suitable cross sections.

The ibuiar structure £20, ke a Wbe or catheter of desired lengih may be pre-arrangad in a
rolapsed prosthesis 800, 2.¢. collapsed and kepl in that collapsad siate it 4 ramovabie resiraming rmambey
(Nl showny, The fubigdar aimaturse extenging Bwough the opening i the wall structure 603 allows o posiion
the guiting etement through the apening in an advantagecus manner when the prosihesss is coliapsad and i¢
be entered {or heing posilionad in} a catheler. In case the prosthesss 13 already in a catheter for delivery, the
fube 820 may extend proximally all the way through the catheter 1o 1is proximal end ¢ that the guiding
element 10 can be threaded through the kibe from its distal end/opening. The Wibe 8 3 plate-maxey for ine
quiding atement 10 {0 be easily positioned through the orice aelement 510 The twibular element 820 may be
pant of e orifice elernent §10. The Wwibe may also be shorl, just extending out of the proximal ontfice of the
prosihests 800, such as shown in Fig. 3 at A and 8. The Wube 620 is preferably remaovable upon sxpansion |
implantation of the prosthesis 500 in postlion in and cormested ovarlappingly to the first prosthesis 1.Ths
ortfice siement 610 may be aranged al a rotahional gaa on of the twbitar wall structure for faciitating a

rotational position of he body tpon delivery. Thus, when the grosthesis 800 is advanced pver the guding
atemiant 1U (and maybe additionally along a guidewirs -‘€§ extending further distally than the distal end of the
guiding slement 10 ai the connection point 11}, Guiding slement 10 will at the conneclon point 11 provins &
stop for further agvancing the prosthests 500, Thus a reliable position of the prosthesis s provided iy relalion
ta the other prosthesis havng e guiding slement distally atlachsd therelo

The onfice slement 510 13 arrangsd ke a guiding mate in e ;mstheo {07 FECaVING & QUItING

slement 10 there tt*rt}ugi\ he distal end of the quiting element 1015 aranged al a connaction poin 11 at &
first prosthesis. Advancing e prosthesis 60U over the guiding stement 10 amanged through the onfice
siement 510 Uit § Cistally stops, provides a defined gistal posiion of e prosinesis 10 qunng gelivery and
imlandation inrelation o the first prosthesis. The orifice element 510 shown in bhe Figures is mersly an
example.
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The onfice stement 510 18 In exampies a guicing male. The guiding male s configured for eeeving
the g:uir;i’rw: sigment, such hat the stent-gralt prosthesis s contigured (o shide aiong the guiting slemeant 10
disgng dehivery over the guiding male 9 fo the onfice of the hrst stent-grall 1o be connecied o the second stent
grafl, such as of the branch.

Lehvary and depioyment of he stentgratt p sl

,r,r,f

I’f

NesSis IS done through 3 gelivery iumen of 3 cfa‘lihe:ter‘

Fig. B (8 & schemabo dustration of a stenbgratt prosthesis wilh g side branch, and a catheler wilh a Gugding
miale o guiging e catheter for easy navigation of the side ranch;

The guiding mate in form of an orifice element of a prosthesis is for receiving the guiding slement.
The guiding elemend preferably has a distal end posifionsd proximally at a distance from, preferaily a distal,
orifice of & frst prosihesis at 8 connaclion pont, such as of the side branch. In §1is manner he slentgraf
prosihasis 800 preferably extends distally beyond the connection point when the onfice slement 510 {guiding
matel engages the connschon pont,

Ti & guiging slement 10 i3 praferably made ¢f a bivdegradadle matensl,

e guiding slement 10 may altlematively aven be non-biodegratable bul dipnompalibie so hal |
sately can reman n e dody {or be removed alter use),

The guding glement 10 may attematvely 10 8 suture or thre & Suiter eiongate slement ke 3
wire, £.¢. of thermoplastic, melal or coated matal. A shflerwire hasthe a (%\fran age that it avoids buildup of 8
knot or mudigie of the guiting sisment when a prosthesis {andfor catheter} s threaded along i A shfer
&ﬁmg:aﬁ: element i preferadly removadie aranged from the dody alter use,

A quithng element 10 i form of 2 wire may be provided wilh siilar or substantially enticat flexibilty
pmg:serti a3 a3 A quidewire 20 used 0 deliver e prosthess 606, This 18 in parbicular advantageous as bath the
gutdewire 20 and the wire 10 may be used o pullipush the prosthesis GU0 along bolh wres dunng debvary,

A reliable and stable delivery wilh precision positioning 1s provided while X-ray dosage 1s reduoed as
X-ray is not needed or substantially reduced to find the right overlap position for expansion of the prosthesis
600 atimpiantation. Also, 8 wire generaity has 1ass risk to rupture duning the dalvery procecurs.

s"

A al 18 provided i an exampie including 8 first stent prosthesis 1 preferably having a tateral branch
and 2 second slent-grafl prosthesis 600 described hereln. The first stent prosthasis 1 has an onfics for
Overiappingly conneciing second stent-grafl progthasis 500 o 1,

It should be noled that the second slent prosthesis 800 may nave further tranches, possibly with
QW quiding elements for connecting further stent-gralt prosthesis bUU 1o branches of i Allemalively, orin
addifion, the stent-graft prosthasts 600 may have guiding slement 10 al a connection point affixed o itfor
mrm%ﬁm stend-graft prosthesis 880, For mstance the distat end of the stent-gralt presthesis 500 may
comprias s connaclon point 11 while for mstance a proximat end hereol includes the orilice aaemem..

"!
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The firsl slent-grafl prosthesis may i 4 more deladsd axampie have at tpast one bendable andioe
fiexibie guioing slement 10 baing disially permanently or raigasably attached {0 an intenor of he Brst steat-
graft prosthesis at a distance from an onfice thereof. | The guiding slement 10 may be distally permanentiy of
releasably sllached to atleast at ong of the branches and at a distance from g distal onfice of the branch,
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cls of e disciosurs nclude, a syslem including the kit of the alore desenphion. The guaing
alement ‘1{'} E; pr@fmhiv orovimally exiending through the onlice element 510 10r guitding the slant-gralt
prosihests to a lateral branch 3 lowards the distal orifice of the branch 3 duning delivery. In Ihis manner, the

stent-graft prosthesis is upon delivery arangsd with a proximal ovenap in e laleral branch.

Fig. 12 1 8 Row chart of an example of 8 manulaciunng method 800, The meihod 800 incluges
orovicing 810 a generatly Wwinular wall structure of a prosthesis, and providing 824 the wall struclure with an
aritice alement 810 for recaiving a guiding element 10, Suttahie methods for perfomiing the staps will be
kncown 1or the skilled person.

.

Aspects of he disclosurs moiuds, a method of delivery a slentgraft prosthesis, The method may
nchisde delivaring a first slent-grafl prosthasis having a side branch 3 in a8 vasoular structurs. The first stent-
gratt prosthests having a guiding slsment distally permanently or relsasably allached {0 an infenor o the at
ipast one the branchies 3 at a distance from a distal orfice of the branch 3. During delivery, e second stent-
graf prosthesis s moved along the guiding slement arrangad frough an ontice elemend 610 of he second
stent-grafl prosihesis. the second stent-grafl prosthess 1s thus expancsd wilh 8 proximal oveniap in the side
granch S when he orice sigment §14 siops against a distal end of e guiding element 10,

The stent-graft prostheses discusssd herein are in an exampls self-expanding, of in another
axampie axpandable by another devics, such as an inflataie balloon.

Some examples of e disciosure provide for an improved navgation of and assembling of a stenk
graft prosthesis or a piurality of slent-grafl prosiheses. The stents 1o be assembied are ko prowde fuid
conmunication upon delivery and assemibly. bor nstance, a stentgralt prosthesis may be advantageously
gosiioned 1 g side brangh vassed from a main vessel, Muid communication may be provided from a first stant
qratt prosthests i the main vessast D a second slent-gralt proshesis in such sice vessal, Hud communicabon
Ay aiss he provided in other configurations requinng ovenapping assembiy of a plusaiity of modular stent-
gratl prostheses.

Ry stentgralt prosthesis means a stent or stentgralt having an wner andior suler liner, shell o
being otherwise surrounded by or provided with & hquid impermeable fabric or matenal, The coverad stent can
0& partly or Tully covered. A coverad stent can aiso be calied a stent graft or an endoprosthesis, Genarally
these stent-graft prostheses are Wwhular prostheses. The Wwbular prosthesis such as stents, graits, and stent
grafts 0.9, stents having an inner andior guter covaning comprsing grafl matenal and which may be referrad
fo a8 stent-gralt prostheses) have been widely used in irealing abnommaliiies In passageways i the human
bogy. i vascular applicalions, thess devices often are ussed [0 replace or bypass oociugded, Giseased o
Jdamaged Blood vessels such as stenslic or ansurvsmal vesseals. Fov exampis, s wel known 1o yse skent-
gratts, which compriss biccompatibie graft matenal {8.4., Dacron® or expanted, pors
poivietrafivoroethyviene {(ePTHR} suoporied by a framework {6.G., one or more stent or sveni e structures), ©
freat Or izoiaie aneurysms. 1he ramework providas mechanical support and the grall matenal or iner provides
a dlood hamier.

A szr‘ie branch 3 may be laterally extendable andior collapsible, 1.8, expandabie n g direclion of 2
s atong the side branch 3, which direction is preferably f:ubst@'";taaﬁy pemendicular to A
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ongriucingl axis along a main body 2 of a stent-graft prosthests 1. Allernalively, or i adaibion, e sids branmh
3 may be sxpandabla i & rangverss gireclion, Le. axpandable transverss o the dirgclion of an aas along the
side branch 3. 1he side branch 3 may comprise a slentgraft prosthesis and may in some exarnpies be a stent
grafl prosthesis.

In exampies, he side dranch 3 is about Tom o 1.5 om ialerally sxtendabis.

The side Dranch J 18 i an example inleg: ;i r‘*ﬁ he main hody ¢, either by the stenbgral prosthesis
of the main pody 2 and he slent-gralt prosthesss of he side branch 3 being integral, or by he cover of the
main body 2 angd the cover of the side branch 3 haing integral. In an example hoth cover and stent-graft
prosinests of the mam body 18 ntegral with the cover and stent-gralt prosifesis of the sice branen 3. When
the side dranch 3 compnses the stent-gralt grosthesis {18 shiter and can then resisi mors handing when e.g.
deploving and/or re~-deploving any further covered extension stent-graft prosihesis. 1hig also giiows for the
sige Granch 3 o form a tghler connaction with any further covered extension stent-gralt prosthasis out from
the siie dranch 3.

1 an exampie, e stentgralt prostheses have a subsiantially wentical ciamster af an inter
connaction behwaen bwn stent-graft prostheses {o provide a guid tght wnlerconnachion.

0 an example, hawng the same diametey at an inter-connection means hat the cuter dametsr st the
Emter-mrmw‘m of ong of the stentgrast prostheses s subsiantalty the same as e ywer digmeley at the
nter-connection of the other stent-gralt prosthesis | st isast aiong a portion of the stentgraft prosthesis. The
same ﬁaamsier s maintained at least along an ovenapping portion of the two stent-gralt prosthasss, i
overiapping. The two slent-grafl prosineses are thus for instance iquid conveying commnectable by overlapping
aath other and one tubs inside the other connecied tube.

U}
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The slerd struclure of stentgralt prostheses s pant of the slenbgrafl prosthiesis. i may have a
oattern, ke undulations. The pattem {such as schematically shown in .. Migs. 35 and 7 may be made by
made by braiding, weaving, laser cutling of a fube, elc. The siruclure is a scafiold 1o support the strugture
outwards and provigds a substantially Wwibular structure 1o ensurg undGisturbed biood Sow through the fube whan
impianted as itis provided with and coversd Dy 3 suitable liqud fight cover,

The Jndﬁsi stions or pattern can be denser & the overlapping conneclion region than other egions of
the stent-gralt p WGSJ“Q:.‘%‘ for a securs fiquid tight connaechion of two stentgraft prosthesss and by improved
mechanical sirengih,

I an exanpie the two stenb-graft prostheses o be infercornected have boln substantially the same
inner glameater and substantiatly the same outer diameler at the inlerconnaclion, and the stent-grait prosingses
are conneciad by overlapping themwhen ong of the steni-graft prostheses is in 8 parliaily coliapsed or folder

HAvING st@nt«-ara't srosinesss with the same or subsianiially g same digmetsr makes it easy for fhe
operator o conned! the vanous stent-grall prostheses since the giametar of corresponding stent-gratt
orosihasis parts of the system *%{}ﬁ sisiar and the operator doss then nol nead o worry aboul any particular
connecton method, stant shape, CoWection stie ar the ke, This means that the operator {oes only nesd 1©

naider if the previous stmma‘t osinesis were a single, double, pis or Rrther wgged smm‘«fgmﬁ
)mm sis. This aiso makes the production of the stentgraft prosthieses sasisr since the diameter at the

gy
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connachon of the various stent-graft rosthases are the sams. An exarmpie (s e diameter ol legs 02, 203,
stent-graft prosthwesis 300 main Dody, and upsiream orented legs of the stentgraft prosthesis 400,

The overlapping region aliows for length adaptation of the modudar system. For instance the modutar
stent-graft prostheses, 400, 410, 440 could be provided as a singie infegral 4 f"‘ﬁ Howevear, proviging straght
mididie pisce stent-grat prosthesis 41U separate from branched eng piece stent-grafl grostheses 400, 420,

atlows for adjusiment fo specific palient anatomy {0 he example different lengih of abdominat aoria}. Uverlap
of the middie slend-graft prosthesis can be vanad accordingly, Length agiusiment of & systermn of moduiar stent-
grait prostheses is provided by an gverlapping porlion at openings of steni-graft prostheses allowing for
varying ovenap and delermining olat lenglh of he aszsembled modular system upon smplantation, This app
mutatis mulandis 1o side vessel extension stent-gralf prostheses 80 conneclions, sic.

Proviging he slentgraft prostheses 1 with substaniiatly the same diamester gives the advantage that
the operator can implant each stenbgrait prosthess 1 as expiained above, o in an exampie in any direction he
o she ks is bast. This will shorler the tme required for assembling the system 100 and conseguently the
operation, drasically,

i an exampis, when the stent-grati prosthesis 1 has sudsiantially the same diameter as discussed
above and 1s expanded, or when & side Branch 3 or leg of the slent-graft prosthesis 18 expandsd, a flow
throuigh the stent-grafi prosthesis 118 more or 883 unchangad through it Meaning that a liquid, such as blood,
entering at one side &.g. the main body 2 will pass through the stent-gralt prosthesis 1 and out through e.g.
g tegs al the olher sige and due o the expansion and same dameter of connecton atl the stent-gratt
prosineses 1 aninlat and outlet area are substantiatly the same. This atiows the cpefatm‘* to concentrate on
DOrriectng one stentwgfsﬁ prosthesis 1 or part of g stentgrall prosthesis 1, suich 85 a8 leg, sl the time. the
operator needs 1ot o worry about e stentgrall prosthesis 1 diskebing the Sow or Ehrm;g?a;mt i the stent
graft prosthesis 1 or vessel, Use of orlice elements §10 and guiding elements 10 conliibules kkewise his
advantage,
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the modidar stent-gralt prosthesis system 100 further CompIse Ong of more guicing sisment{ss 14,
ke & suliire or wire, Along quiding element 10 a delivery catheter may be threaded proximally to the distal end
of the guiding element 10, The guiding element 10 is dislally affixed {0 a stenf-gralt prosthesis, for msiancs 4
sulisre miay be affixed by means of g knot, slaple, wald, adhesive, or simian The gaaing element 101§ thus
secured o the slent-grait prosthesis, Preferabily, the altachment pont whers the guding slemesnt 10 15 distaily
secured 1o the slent-graft prosthesis 18 at he inlener, €.4. al a location of a iateral side tranch of the stent-grat
orosthesis. The guiding element 1018 preferably pre-icaded i 3 delivery catheler of the stent.gralt prosthes:s.
The guiding element 13 in use operating as a guilder tor a guiding mate ¥ of a catheler. the guiding slement 10
s preferaily bendabie andior tlexibie.

0 embotimsnts, the guidng stement 1618 thus distally perma *’aeni; Or releasably attached to an
rierior of & branch, 8.4, 8 lateral sige branch, at a conneclion point, preferably at a dislal ontdice of [ branch
J. The guiding siement 1018 provamadly arranged in the mlenor, hrough and aiong & proximat poriion of tha
main pody 2 or another of he dranches 3 and exdending provamally through a proximal opening of g mam
holy £ {ses e.g. Fig. 3 or 8. In tise the guiding slement is thus operaling for gufdmg a catheler gver tig
Qiading atement 10 rough e niain bogy 3 Iowards the distal onfice of e 1aterat sige branch 3.

Seg bgures 2 0 8 and he corvesponding text herein for more delaied desonuen examples of the

guiding stement 10 and its correspanding use and appiication in a modular stent graft syslem

-l'
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Altermalvely, of it addiion, a guiding element 10 can bs dislally altached 10 8 vessel wall or an
organ at a target! iocabon. [t may foF instance pe atlached 1o the wall of e Actta of a palisnt at 8 degisd
target ocation for 3 prosthests having an onfice slement 1or debvery, Ushvery 1S pertormed in a sinilar manney
as {0 8 first stentgralt prosihesss having a connacton point 11 with the difference that the connagtion point
15 gt the angtomical farget localion. The oistal end of e guiding siement 18 hus conhiguired 10 e anchored al
g fiasue lpcation. Anchoring may be provided by stuiable anchoring means or unit(s) ke barbs, staples,
knotied sutures, ele.

Allernatively, of in addiion, the attachment of a quiding slement at ifs distal and may be releasabdle,
preferably relsasable from oulsids the body activation, for removing the guding slement dunng he
implantation procedurg, as needed. A knol may be reteasadls, hemmal delachment means rsay b provided for
controfied detachinant of the guiding siement at the allachment point. Allernatively, or in acailion, the guiding
slement may be configured 1o be cut off alter use. Sutlabie (005 may be used for the culling off, £.4. a sheath
with an intenor secure culler slid over and along the quiting slement towards e atfachment poind, where the
cutter i activated and the quiding element cut off. The guiding slemant may then be securely relracted oul of
fhe body, e.g. within the sheath having e cutter, or just proximatly drawn ouf O 1he vastuialurs vig the
pUnchyre s [ infrogucs,

Howeaver, the guding element 10 13 in examples configured 1o be lell in place upon condluged
implantation procedurs, The guiding slement 10 can thus be left in place atler use {guiding delivery and
depioyment of g.g. an extension stent graft) or removed. i mnay be magde of a dipdegradaiie malenal oy
nicabsorbable matenial. The guiding slement 1018 in any ¢a3e made of a hiocompalible matenal, inciuding
ahsorbables auch as polygiveolic agid, potylactic said, Monocnyt and polydioxanane as well a3 the non-
absorbables nylon, polyester, FVEE and polvpropylens, PTHE or Dacron. The quiding element 10 may be
made of melalic malerial, such as Nitinol or slainless steel, or a suitable melal alioy, which might be
advaniagaous rom a durability advaniage dunng implantation. This may be advaniageous during delivery as
described above and also when the guiding element is left in place after concluded implantabion progedure of
the modutar stent-graft prosthasis syslem. The procadurs can ae shorlensed as the guiding slement needs not
nacessaniy {0 be defached or cut off at or close o the connaction point. tmay be cut of af s proximal end
oy, O ot at all,
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Along guiding element 10, allernatively or n addilion to stent-gralt prosthasis U0 hiaving an onlics
clemant, a delivery Catheler 30 may be moved lowards e gistal end of the guiting element 10, &.g. by means
of 2 guiding mate 8 on the catheler as descnded hersin (FKY. &) Lslivery of another slemant, devie or unit,
cAn nen [axe place through this detvery catheter to a desired site at e Gistal end of the guiding siement
X-Ray Quidance, probing, nawgation nes aic. can advantagecusly be reduned or omitted.

Iy E3 mngner, a catheler can be moeved along he guiding slement fo or towands e distal end
fnersol without Ruoroscopic guidanca. in s manner, reliably, and speead of dalivary is iImproved while
radialion 2xposurs oan b wduced,

SUCH 8 delivery catheter 30 18 provided for delivery of an extension stent graft 800. The catheter 30
nas a dalivery iumen with a distal onhice 1oy delivery and deployment of the extension stent gralt sl at a
farget site Of @ lateral side branch 3 of a stent-graft prosthesss 1.

The catheler 30 further has a guiding mate 9 or receiving a guiding slement 10 cistally altached o 8
connaction point at the branch 3. Therefore, the catheler 3015 conbgured 1o slide along the guiding element 10
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over the guidingimnals § io the ontice of the branch for deployment of e slement, such as e extension sland
graft 800 through the delivery lumen of the cathster.

The guiding mate § for racetuing the guiding element has a distal end positioned proximally at a
distance from the distal orfice of the delivery lumen. In this manner the delivery tumen exiends beyond the
connschon point when the ;;u:ﬁ“ g mate § distal end engages he conneclion point,

As can De seen e.g. 1 FK. B, the distal end of the delivery catheter 30 may be pre-bent o

advantageousty enter info fie agde vessel from the branch onfice. In (s mannegy the operabion time s reduced,

flucroscopic 1nad of the patient and ciinical personnal reduced, and he implantalion made more securaly and
i.)

religbig,

\)

Y

A guitiewire may thus be deploved i 8 Sige oranch 3 through the catheter 30, Calheler 30 may hen
be withdrawn, the guidewire iefl in place, Slant-grall a}fﬂ"‘m‘*f“%ﬁ gy hien be advanced o e sige dranch
(s8¢ Fig. 4 al A and B). Upon expansion {Fig. o) the guidewire 2018 removed.

A modular stent graft systar IS provided including a stent-gratt prosthesis 1 and a delivery
catheter 30 with a guiding slement 10 arrgngeabls or arranged Hhirough a quiding mate 8. In this manner a unit,
such as an exdension stent gratt 500 1§ advaniageously deliveradie through the delivery catheder 30 a farget
sifg at a dranch 3.

in addiion, the distal end of the quiding clement 10 s for example arvanged al a marker 21,
Alternatively, orin addiiim the guiding element 10 may be provided Hseif with & markey. Marker means liducial
marker hat s visyahzabie by suitable iImaging means for the surgeon periorming the implaniation procecure.
The marker 2118 pféft:“f&bf aranged af a teg 4 of & stend-grall prosthesis for guiding delivery of another stent-
gratt prosthesis owands andior through the distal arifice of such aleg 4, .. a5 described below, to a side
branch vessel of a main vessel. The marker may be elongale and e-xieﬁfi ai@ﬁg at least a part of the fength of
the guiding slement 10, 2. as a radiopaque strand of a multi-strand wirsssulure/thread, and/or one or more
rmarker bands.

,r

£ 44
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The tlustrated modular stent-graft prosthesis 333?: 00 includes g firstmain vessel stent-graft
proafhests 200, 420 with a first upstream inlet branched inlo at least wo downstream ouliet branches.

Further itincludes g stent-gratt prosthesis type 300, 310, 320 that has a mam body, and al least one
\ateral side branch connecied {0 the main body, The iateral sids branch 8 preferably Hexible and expandabie.
The stentgral prosinesis is inferconnectable to one of the downsiream cullet branches and aleraly
conneciabie [0 a side stream vessel of the main vessal vig the lateral side pranch hereot, Al least two stent-
graft prostheses 300, 310, 320 are thus sequentially interconnectable 16 one of the downsiream pullels of the
main vessel stent-graft prosthesis 200, In s mannst, blood condults are provided armanged n paralied by the
al teast bwo slent-grafl prosiheses, one at g Eme asssmbisd by e opsrator, The parailsl tiood conduilts may
e providad with one or more side Dranches sach. Altematively, or in addiion, & ivod conduit mtormot a
stentgrait prosthesis may be provided thatl has no bleral sige branch, wiigh then provides a slraght blood
fiow path in paratial with e.g. a stent-graft prosihesis having one or more lateral e branches.

The modular slent-graft prosthesis system further mduces a second fype of main vesse stent-graft
prasinesis 400, 430 wilh al leas! bvo upstream el branches collected i a downslream ﬁ\stiei he inlet



[

—

oo -
L__4

with a three-legged stent-gralt pr@-ﬁzmws 200 e gscending aordic arch. Further steatygral prosthast

DK/EP 3518826 T5

branches are inlerconnectabis fo g distal outlet of ona of e two stent-graft prostheses, 8.4, stent-gralt
prostheses ype 300, 310, 320 as shiown i Mgs. @ and 10
Starting from the top of the syslem 100 a8 ﬁEU‘%iE’ﬁt{:’ﬁ i Figs. 8 ang 10, there s dlustrated a #irst
stent-graft prosthesis 200 with three legs. This maoduie 15 implanied firslly over a guidewire 2.
If showd be noted that the stent-graft prosthesia modules arg deliversd I & SPECINC order, §
88

-

& m'fg
mioduias are then deliverad o the lavget site untl the entirs syslem s implanted. Thiss dons i a vey efs clend
and advantagenus manner.

ror nstance, when the three legaed stent-grait prosthesis 200 18 deplioved and wplanted firsly of il
modides i he ascends rzc; aorlic arch. This can b8 done via a guids wire 20, e.g. i 8 Temoral acoess approach.
Furiher componenis can hen te conneciad 1o the legsd(, dU4, andior 203

For instancs a stentgrall prosthesis 500 can be debvered o the first leg 201 via a delivery catheler
lid atong guiding slement 140 1o or lowards conneclion point 11, such as in he manner desenbad with
reterence 10 dig. 110 5-. This sient-graft prosthesis 6l can h@n axtend hinod flow & g. into the st neck side
vesssl as shown in Mg, 3G, The stenb-grall prosthesis 60 18 a stent-gralt ;}r&:a*rwas ws*hwt aperiures or sige
vessels. e axiension stent graft B0 is comgured 0 be proximatly matingly and Huid tght connectad o the
distal portion at the onfice of the first leg 201, Connaction may be done overlappingly in a suitable manner and
by sttiatie means known in the ant of conneching stent grafis 10 gach other for providing a commurnication
channat for fiquid there through o the target vesssel.

Delivary is thus provideadis in wo steps. Firstly, he side branch 3 S expandad. Then a side vessel
stenbgraft prosthesis 600 is deploved through the expanded side branch 3, preferably along a guidin g afamemt
10 and mating onfice slement 610 for desired gverlap. Fixation of Hie side vessel stenbgrall grosthe C&D
done han {kg. S or 7). The entire prosthesis is flexible unbl the side branch is Bnally m&...ba*ed the a.sﬁe
branch stent-gralt prosthesis 800 is deployed and thus “locked” in position.

Uuring delivery of stent-graft prosthesis 000, the two remaining legs 202, 203 arg nol obsiructed and
hiood flow through the aottic arch is ensured during the implaniation procedure, which 8 an important
atvaniage.

The quiding element 10 is also running inside the third leg 203, This means, that over same guiding

stament 10 and gelivery catheter over which the sleni-gralt prosthesis GO0 was Qalivered, the stent-grat
prosthasis 30U wilhh a 2106 branch s delveradia,

the intbal guidewire 20 for delivernng the three-legged stent-gralt prosthests 200 to ds targei gits, 18
used for delivering and connecting & stent-gralt prosthesis 300 to the second leg 202

The iocation of three-legged stent-gralt prosthesis 200 is preferably marked with a fiducial markey
21 hat can De ssen urng imaging by &.g. MRIL T or Xsay. Hence, shortensd radgiation birmes and dosages
are providsahls.

As the quiding stemerd 10 extends out from the Srstleg 201, ail three 1603 can be located and
moduiayr stent-grait prosiheses inlerconnecied at he onfices of the hree 1ggs. No additional navigahion,

4

Searching or probing by he surgeon is needad, thus reduding raciation iMes and dosages.

e guiding siements 10 are 107 QUIGING subsegiient steni-gratt prosthiesss along hem so et ihe
subissguent stent-graft prostheses can be connscled 1o a previcusly implanted stent-graft prosthesis,

_,.:
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it agaiion, or altemabvely a nawga
fogether with One O mors Quiking slemeni(s)
prastheses of the system 100 {o their target s

ion slement 20, such a3 a guide wire, 1S used instead for o
10 11 the system 10U 1oF guiding all O 3imost alt of the slent-grafl
Site.

k.

Next, the system 100 includes in proximal divection, downstream the aorta, hwo stentgraft
prostheses 300 with one side tranch each, posdionad in the sortic arch 502 upon mplantation. The two stend
graft prostheses 300 may indude onlice elements 510 and are each guided by he guiding slements 10 ang
quidewire 20, raspeciively,

The side branch exit 1s preferably expandable, angd i Igug communication wilh & neck vesse! when
expandsg. A turther stent-graft prosthesis 60 1 furher conneciad wilth s proximal end, respaciiy eig
xdending o he remaining fWwo neck vessels respectively {see Hg. 101 Delivery of thess turther stentgraft
prosiheses 800 can be done hiducial marker guded (not shown), with guidewires and contrast medium

P

’D

fesdback, andior a guiding element 10 can be connected o the branch {see Fgs. 1o b and 7) facilialing

dedivery of the fuzther stent.gral! prosthesss 600 through e onfice of he side branch of stenfgrall prosthesis
SUU ang indo the respectively Neck vessel,

Ag e orhices of the 8leral branchies can be iocated at a d siangce irom e oshia of a targel site
vessel thanks to the paraliel arrangement of several stent-grafl prostheses 300, he exact posilion m relation 1o
sach ofhier {ostia/ontics) 18 not as important as for known --saeﬁt-crnw rosiiieses, Hexbily without sk for
Kirtking 1S provided in parbicular with extension stent-grait prostheses &00.

g fr
34

(

Then, downstream the sorta there is proximally 4 stent-graft prosthesis 400 with tweo distal legs
united int dy having a proximat osffice, The firdd leg of stentgratt prosthests 400 s deliverad
FURRING along s:;\,e:{:! g etement 10 for interconnection with the proxamal onfice of the stent-grail prosthesis 300
which in tum is previ f::ugiv distally interconnected 1o the third leg 203 of the distally and upstream in the aoris
ATENGET and previcusly impianied slent-gratt prosineses U0, The olher distal leg of steni-gratt prosthesis 400
i dativered along quidewire 20, R is distally interconnecied 0 the proximat onfice of the other stentgraft
proafhests 300, which in lumis previousty distally inferconnectad o the second leg 202 of the disial Ey ana
upstraam in the aorta. Thus the paralis! slentgraft prostheses 300 are coliscled together in & single lumen.

s
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A further slent-graft prosthesis 410, withoud side branches or legs s distally inferconnested {0 the
oroximat orihce of stent-gralt prosthesis 400, ths further stent-graft prosthesis 410 is delivered over both the
quiding elenent 10 and guidewire 20 which both arg run inside this stant-gratt prosthesis 410 through one of
the distal legs of stent-graft prosthesis 400 respeciivaly. I case he slent-grali prosingses 300 inciucs ong of
more guiding slement{s} 10, previcusly used for the extension stent-grafl prostreses into be neck vesseals
ese ONe OF More QUIIng siement{s) 10 will 250 bs run trwough e umen of stent-gralt prosthesis 410,

Qvenap of stent-graft prostheses, such 48 400, 410, 424, can be adapled dumng wmplanialion ©
accommaodate the patient aorie anatomy. Unhice elament{s} 610 faciilate finding of a sutable gveriap position
hatore expansionielease of the stentgrafi-prosthesis 600,
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Next i downsireanm aorla direclion 18 8 two-legyed stent-grafl prosthesis 420 15 impiantediprovitied
and branching the Hood Bow INlo o proximat iegs Fom a distal conwnent lumen and onice interconnectable
to proximal orifice of the oistal stenbgraft prosthesis 410 previgusly implanied. Guiding stement 10 runs inside
the firstleg. Guidewre 20 runs insige the other leg. The two iegged sient s gelivered over the wo atler n g
dedivery catheter, which may be he same as used for delivery of praviousiy distally deliversd moduies.

f

And finatly, at the bottom of the drawing, two slent-graft prostheses 310, 320 are diustrated, wilh fwo
side branches 3 each.

Thie first sieni-graft prosthesis 31018 Gelivered By means of guiding slerment 10 {catheler siid ove
giading stement 8 o e leg of stent-gralt prosthesis 4201 A further gelivery catheter may De used 1or zh::«..}
CLpOSe, whers he quiding slement runs all e way hyough the frst stent-gralt prosthasis 310, Une or more
further guiding slementis} 10 may be altached to one or more of the side branches of the first stentgratt
prosthesis 3 3 or debvery of exdension stentgralt prostheses 500 exdending into side vessels, ses Hg. 10

whes § T Manis

s"!f.‘

I’ﬁﬁi

e second stent-graft prosthesis 320 s delivered by means of guidswire 20, A delivery catheler 18
again used for this purpose. such as described above. Aurther guiding element 10 may be allached b one or
T .g

mote of the side branches of the second stent-gralt prosthesis 320 for dalivery of extension stent-graft
prostheses 800 extending mto sids veasels, see Fig. 2 when implanted.

The woximal end of the two stenbgralt prostheses 314, 320 are interconnecied o two distat legs of 8
o i-e;ged steni-grafl prosthesis 430 1 provide a liguid path thereby, Guidewirg 20 and guiding slemernts 10
run accordingly trough stenbgralt prosthesis 430

Ag desonbed above, the systeny 100 15 thus positioned as shown in Hig. 10,

_p-_p-

It an example a method of wlerconnsacting a pluratity of stent-gralt prosthesss S provided which can
he pnertormed eithar it vivo andior in vilro,

in an example, belore assembly, andior gunng assembly, the stenbgralt prostheses of the sysiem
100 are sorted and placed in the correct order for assembly. In an axample, and § assembied owing
implantation, a numdber of catheters 30 may De used as deseribed and needad. the components of the gystem
may D& provided as a kil with sutlabie numbenng o Bcilitate mplaniation for the surgeon. 1he Ki componants
and composition may be computer plant pricr © e mplantation procadure. A soitwvare may de provided i
support the swrgaon andior clinical personmat 10 perlonmm the procedura. The surgaon may virtually plan the
DIGCRCUTS I advance. Sequence of components, preferably with numbers in the kit components, ang
procesural sisps may then be suggested by software duning the wrplantabion procedurs. Qually assuance
may be provided by enlering into the soltwars feedback of components used and siaps performsd, X-ray
IMages and imestanps and other medical equipmant me sureme:*ﬁ or inpul data may de saved 100, The
progecurs may hus be efitiently performed and documenied at ihe same time,

Although not shown in Hig. 1, Jurther pavigation siemenis 20 andior guiding sigmants 10 may de
provided for navigation of the side branches 3 and aligning of the side branches 3 with branch vessels, as
explained. 1o make it easter [0 see which aavigabion element 20 or guiding slement 10 thal goes 0 a ¢arlain

-,

'
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stent-graft prosthesis, leg or sids branch, each nawigation slement and guding alement is labisied N 8

SXRAMPIS.

.‘f

&

Fig. 8 iushrales a slent-grafl prosihesis 200 with Bwee legs 201, 202, 203, and a navigation
clement 20 and guiding slement 10 in from of 8 suture for sasy navigation o all Hiree legs. Fig. 8 Hlusirates an
axample of how one or more (one shown) quiding element 10, such as a suture, may run through 8 stentgrait
orosthesis during smplaniation of a system 100 of slent-gral! prostheses.

ﬁ'

f.ﬁ:

The three fegs 201, 202, 200 are provided for conneclion 10 thes aorlic 3%""‘?‘@ side vesssls: ons into
the nack arlery, and two through channels {when assemblad} with sids branch vessal cormection. The fhree
egs 201, U4, 203 may have different lumean d ameter and length. The pre-atlachad guiding slement 10
exﬁercﬁnf ke one teg {2031 and info ancther leg (201} allows for a direct inlubation of a side vessel. Diredt
ac08ss 8 provided o alt swls branches of the prosthesis without the difhiculty of locating the side branches with
fhe open iegs of such an implant. THIS has hitherto been gificull 1o rzawsgaa dite to the length of the Qelivery
catheter where he operalor usually has no fesling for targeling 1o a side vessel. Also the pulsating blood flow
durng the procedurs, and other procedural dithoudies of intubation of side ranﬁhss& A8 less refpvant han for
KNOWn s.‘iierat“g}aﬁ prosifnesis, S o 20 visualizalion difficuilies are avoided, iess xray dosage 8 needed, ihe
grocedirs is provided with significant Sime reduction, and reduscad patient risk,

Fig. & further iusirates hat ons or mors guiding elements 10, such as sulures, may be attached o
the stent-gratt prosthesiz 200. In the figurs, the suture 10 is altached inside the second leg 4 and axtends o
througn the third leg. The guiding elements 10 have, as disocussed above, a simuar purpose to the purpoesse of
the navigation slement 20 of guicing delivery cathaters for delbvery of sientgrati prostheses such that they ¢an
be connected to form the system of stentqraft prostheses 109,

The operalor can easily locate the bwo lags and navigate further stent-graft prostheses fo any ot the
two tegs. The operator can via the guiging element 10 navigate a first further slent-graft prosthesis 8{30 the
ieg 201 where the guiding slement 10 15 attached. Whaen the firal further stent-gralt prosthesia 600 is comectly
positionsd and connacted 1o the fhree-legged stentgrafl prosthesis 200, the operator can, via the same
giading element 10, navigate a sscond further stent-grait prosthesis 1 the leg 203 where the Sulure exils
oroximatly rom the three iegged stent-gralt prosthesis 200, The navigation slement 20 ensures that the
operator can ucals aiso the thirg 8g, a3 shown In Q. 8, and deliver units that way as desired.

I an exampie as diustrated in Fig. 8, the navigation giement 20, hare a guide wire, rung msids and
through the three fegged stentgrall prosthests 200 wa a leg 204, Duning implantation of Hig systam 100, the
wayagmtan"i gigrment Z0 18 inserted 1ar encuigh Nto the vesssl s at any stent-gralt proshesis can ioliow the

navigation slement 20 1o a desired target sile location.

0 an example, he stenl-gratt prosthesss are guidsd 1o ey respective position by shdng hem
Hong a navigation siement 20 nside g delivery oatheter, Upon releass out of the dislal cathetsr snd, the sient-
gratt prosthioses arg expanded into piace and implanted at that targel sde, Resbaming members 8 may e
orovided.

JJ’J’J
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werlan with stent-grafl pros ’i%* as 1, 300, 500 may be chosen according o patisnt analonty dunng
the implantaion procedurs. The €0 g} it 11 can be adiusted acoondingly (o patient anatomy) when
afixing he guiding slement 1 d %i paaor 1o implanting the prosthesis with the connechon point. Thus
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overlap is automahcatly agusted o the spediiic patient. Noymally, a suilable overlap {positicn of connechon
point 11 iy relation (o the onfice stement pOSIBON will he hased on averags patient anatomies.

The guiding slement 18 is used thus for guiding fusther stent-gratt prostheses io
ocation s hat the stenbgrafl prosthesss can s connecied pgether nie 10 he system 100 ¢
prostheses.

I

Generadly, one advantags of using e quiding slemaent 10, such a sulure, instead of or in anditon o
e navigation element 20, such as g guidewirs, 18 thal a sulure or g wirg 8 proviged flexibie anc oan be dent
and manpulated as deswed without dreaking. the ﬁaxeagaf T glemard L0 when Dang 8 Quitewirs IS ¥t some
sxampies stffer suoh that 8 can exert a distal foree from he operator for 8.9, pushing along 3 vessel from 8
punclure site. A catheter is then thread over e guide wirg and mpved along the guide wire, the gquide wirg
may then be removed from the catheler for detivery of 8 und through the catheter,

The fiexible charactenstics of the guiding slemeant 10 allows for g, the stent-grall proshesis [o be
placed into positions andior navigated around 8.4, comers i he sienb-grafl prosthesis andior in 8 vessal
ancior side branch 3. The guiding sisment 10 runs in embodiments outsides of a delivery cathelar iumen
trougn which 8 Ut 1S Jdeliverabie. Altlemalively, of 11 addilion, a Guding siement may run Ewough e same
iumen as the lumen for delivery of a unit

oy

Fraterably the distal tp of ine calneter 30 has a gesign such hat the distal onfice extends beyond
the atiachment poind of the dislal end of he guiding slement 10, This can for instance be provided by a
longiiudinal recess {nat shown) i the cathster lumen wall Into which the quoing slement 10 BS. The distal end
of the catheler 30 with s delivery oniice may then protrude bevond the allachment point 11 where the
groximat end of the recess m: he pﬁgii‘i%i“&ﬁ when the delivery catheter 30 15 pushad distally forwarg. Tha
recess may be a longitudingl sit. The recess may have al ieast a V-shaped portion 10 allow the guiding
slamant 10 to be caught or infroduced more easily in the recess. The catheter 30 may be slightly wiggisd
ang/or rotated © aliow the guiding stement 10 1o enter fhe recess

As gxplained previpusly in relation o guiding element 190, the position 11 where the distat end of the
giding slement 10 s permanently or releasably altached lo the stentgraft prosthesis 8 advaniageously
provided with a marker, so that 1 can sasily De seen dunng scanning by &.g. MR, U1 or X-ray. ihe connechon
point 11 serves as a stop unit for guiding element 14 10 prevent a tangible resistance and further distal
advancemeant of catheter 30 by the surgeon during the dalivery procsdure.

Sigs. 1 and 2illusirale g stent-grafi prosthesis 1 with a side branch and is an example a slent-graft
prostnests 300 with a side branch 3 of he sxsemplary system 100 {(Mgs. Sand 10).

he stentgraft prosinests 1 has a mam body £, which 15 8 slent-grafl prosiness, and & iateral side
pranch J connectad 1o the mam body . The side brang 3 prodrudes oul from the mam body £ and 1s Hexidle
and expandabis, Ong advantage of the swle branch 3 deing flexible and sxpancable © that the sge branch 3
IS 8asHy movabie in al igast one dimension mndependent of the movement of the main body 2 such that a
heanch vessst can be f':nunci and more @as;ﬁy aignea with duning implantation o snter N0 with he side dranch

3. Atfernal ‘s}fi"’f‘y* OF I andiion, ?*e at -graft prosthiesis 1 has g pluraiity of legs and wherein at least one of the

l&gs Compnises a sde branch 3. | N an exampie (0ot shown) he stentgralt prozihesis 1 has a plurality of

J
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PEtrnts

1803 and each leg Comprisss a sioe branch 3. In an exanple he side dranch 3 18 osllaled, collapssed or feided
and may 0ok K2 the side branch 3 ol Fig. 1. Coliapsead may include radiahy and/or iongiudinally coliapssd
states, aliowing reduced ¢ross-aection for delivery.

The stentgrall prosthesis 1 or side branch 3 may include wires that are suilably aranged a5 8
stent'supporiing frame part of the stent-gralt prosthasis. in an exanmple the wires may have a U shape ina

. g

5

,:

ongitudingl gireclion of e stentgralt prosthesis. In another examples the wires may be helically wound.

I an exampie the wires may be wires inferwoven with the covenng. The wirss may form a mesh, ke
3 knitfed pattem or 2 raiding. The wires may also ba laser cut to form e springy patiem of tha slent part.

Alternatively, or s atdiion, ihe wirss of other expansiie comporenis of the present device may D8
made of a shape memory matsnal. The shape mermnary efiact of such wires may provide 1or a change of
shaps, such as coliapsed o sxpanced shape, by means of known Inggers ke temperature, Sultable malenials
inciude Nitinol, Crivio alloys, shape memory polymers, sle. Shapses of components of embodiments made of
SUCH materials may be provided by heat treatment, Componenis of embodiments of such matenials may rely
sotely On elgshic o supersiashic properties (8.¢. Nitingl} for a change of shape from & collapsed or compresssg
configuralion to an expanded, reigassd, conliguration.

yvhen the stent-grall prosihess 118 made in 8 resiient configurabion, upon exiling a delivery
catheter, i will resiliendly expand out rom e main Logy of he stentgrafl prosinests, as 1or insiance gescnbed
below with reference o big. 3-8 or 7.

Altemnatively, of it addition, the onlice siement 10 ke guiting mate ¥ compnses a rng, syaist

snard, or inop for threading frough of the guiding element 10, Ay inner diameter of he orifice slement 510 K
gifding mate U is matched {0 receive an outer diameler of the guiding elemant 10 with some olerance o avolg

1{3@ miuch friction belween the two slements for sliding maotion along éach ather.

the onfica element 510 like guiding mate 915 a unil for malingly receiving the guiding elament 14
there through Tor beng shidingly movable along the onifice slement 610 like guiding mate B to and fromi the
quiding maie's distal end where il preferably altached 10 a stent-gratt prosthesis. The guiding element 1018
corfiguren 10 he fweadad through the onlice stiement H10 ke guiding mate 9 for baing siidingly moveabia
atong the guiding mate 9. Threading through of the guiding slement 10 s suilably done {}ufiside of the patlient
at the proximal end of the guiding male, e.g. & sulure, thread, Mament or wirg, of e.g. multiitamant sirands,
that ara for mstance braided together, 1o Tormm a Nexibie guiding und 10,

Alternatively, or i addiion, the guding mate 9 can be alumen of a dual {or muldl lumen cathetler or
any olner suiiable element which 1 configurad o aliow siiding on the guiding element 10 ang preferably doss
not damage he vessal or lumen s usad in.

f E}

- g

FoF easer algnment wilth g branch vesssl, e stentgraft prosthesls sige draneh 3 ¢an D8 providen
wiih @ marker £1. the marksr 21 will maka i visible B e operalor when e sids b neh 3 IS iesvel oF aigned
with & Dranch vesss ES«»: having only one marker at the 3iae branch 3 £ wilt be easer for *hc aperatorn o akgn
fthe slent-graft ;}roaih sie 10 RS desirad oation by use of an Imagng cevive, sum as X-ray, han ooay's
stent-graft prostieses having a piuraiity of markers ihat need o be brought in akgnment i BUOKOsCopy. ne

miarker 21 1S 1 examples any fducial marker visible under commaon pe If imaging devices used in hegithcars
of stent-graft prosthesis placement such as MR, X-ray, Ullrasound, and so on. Stent-graft mrosthesis

»p
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struchures usually are themsaives difficuit to see under 8.g. fuaroscopy. Markers may 8.4, made of goid or
siniiar matenials allowing good VIS In sUch imaging,

0 an example, he side ranch 3 (s folded or coliapsed and restrained by a quiding ¢ isﬂmer@t 10, such
as a sufure 10, The guiding element 1 is Tor nslancs wrapped around the side branch 3, and s releasable
connscied on the incids of the side branch 3 or otherwise attached 10 the side branen Jcausing 410 s
releasaly otded or collapsed. Puliing the quiding elemend proximally then releases the side braneh 3 from the
coliapsad siate o the expandsed shale. Guiding element 10 remans i place or use a5 g catheter guide andior
a3 prosihesis with an onfice slement 810

s;t:

At exampie of 2 sigde branch prosthesis 300 implementation can be as follows;

e Langth of prosthesis side branch 3 may de approx. 15 mm

¢ Some other exemplary but not imiting measwrgs are given m Hg, 7

¢ [he pre-lpad guding slement 10 lealure

o 1S sectred with the side pranch, preferably in g posiion hat a3sists 1o manpuiate s
ariantation of the catheler to malingly engage the gquiding slement 10, The conneclion point &
&g, at the Cstally onented nner sige of the branch 3 such thal the guides cathieter 30 can e
advaniagaously navigaied through the iimen of e branch J Wowards & side vessel onlice or
umen.
he pre-ipad guiting stement 10 works as a guiicer for a catheter 30, .. the doulie lumsn
cathster shown in Fig. 6 o reach the side vessel.

o ihe predead quiding element 108 preferably configured o uniock from fhe prosthesis easty

An example of a visceral side branch 310 can be as follows.

« [he prosihesis side branch 3 can be provided 1o mamitain a cerain angs! in relabon (o the main body
2 longitudinal axis, e.g. approximately a 30-dgree angle or 8 45-degres angle 1o assist a8 surgeon (o
enter 4 side vessel with the cstheter 3.

s D@ inner glameter of & side branch may de in he rangs of about fmm,

¢ [he side Dranon prosthesis 3 is provided (o aliow 3 cerfain tevel of movement to afiow adjustment {o
vanous conhechon angles owards side vessals.

Fig. T shows flow chart sxampies of & msdical procadurs,
The meihod 700 compases e steps of accesaing 710a larget site baing a vessal i a patient;

delivenng 720 8 first stent-grall prosthasts ie the inside of fhe vessst at the target site through a delivery

cathelar, wnerein the target site has & side Dranch vessel, delivening 73U a second stent-gralt prosthesis 1o he
firat stent-grait prostheasis; connecting 748 the hrst stent-gralt prosinests to the second stent-graft prosthesis
for providing a biood flow 1§ he side branch vessel, The delivery of the second stent-graft prosthesis includes

siing & catheler 30 along a guiding element 10 10 a position insige & lumen of a side brancn of the fivst stend-
gratt prosthesis; gelivennyg a guidaware 10 he side branch, removing the catheler 30, Gelvarnng and expanding
the second stent-graft prosthasis asiong quiing slement 10 and along onfive slement 610 for connecting o fw
first sterd-graft prosthiesis, The catheter 30 with guiting mate ¥ are thus n e method used for the Jelivenng
of 8 guide wirg. Lnee the GLEGRWIS IS i1 DIace In e side trandh and extends sufliciently ionQ InfG the side
vessel al the side branch, the cathster U may be refracted. A covered extension stent 600 can then be
deliverad over thal guidewirs o the sde vessel, see g, Higs. b ar 7.

I

...2,
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Altemnatively, of it addition, the method 800 is provided. The second stent-graR prosthesis may hava

a side branch 3. The method includes dalivering a second stenbgraft prosthesis (o a side vesseal through a sids
branch 3 of the first slent-graft prosthesis, The method 800 comprises the steps of accessing 810 a target sis
being a vessel in a patlisnt; delivering 820 8 first stent-gratt prostheas 1o the nside of the vessel at the target
site Bwough 8 delivery catheter, wherein the target site has g side branch vessel, sxpanding 830 the side
branoh 3, delivenng 840 a second stent-gralt prosthesis (o the first stent-gralt prosthesis, preferadly aiong a
quiding alement 10 attached dista iig to the firel stent-graft prosthesis arranged through 2 onfice element 610 of
the second stent-graft prosthesis, angd through the side branch 3 1o the side vessel; conneciing 850 the firsd

stent- graft orosthesis to e second stent-graft prosines:s 1o providing a dlood fow to the side branch vessel,
A catheter 30U with & guiding siement 10 can De used delweaen sleps 8530-840 a5 descnbad above.

"!f

I & speofic exampls the mathod ingludes delivenng and assembling the system 100 a5 explainsd
ahove and with & final lavout dlustrated in Higs. 9 and 14 The axampie of such an endoprosihesis including
modidar embodiments and assembly is Bustrated in Figs. 8 and 1Q and the comrasponding fext herein. Tolat
Aorie reconstruchion or repair can D& providsd when mpianting he enlirs sysiem as shown n Mg, 10,
Reterance 15 made o Migs. 1 and 2 and the comesponding text in intemational patent appicalion
FCT/EFZ017/062803 of the same applicant as e present application, which is incorporated hereln by
reterence for all purposes. Fartial aorlic recenstruchion or repay may be provided with selected sub-modules of
the system baing impianted only. However, other anatomical siructures may be provided for reatment with the
devices andior systems of the disclosure, including abdominal stent-grall prosiheses, penpheral steni grafis,
ancolumingt prosthests, and includs e.9. but not limited e peripheral veins, lgg artsnies, spinal vessals, newro
structures, iymphalic sysiem, ato.

s"s"

(

L 4 4 4

the method starts in the example with soft guidewire being mserted inlo & vessel of a patient. Using
a soft guidewire enaures that no part of the vessel 1s damaged dunng insenion. Furthey, the soll gudewire £an
he hentand thereby be navigaied through the vessat sy--tam of e patient (0 & target site, here in the example
the ascending aorta. As explained above other fargsl sites in the body could aiso be chosen as an alternalive.

Then, a fivsi catheter 8 inserted, over the sott gquidewire, into the vesssl of the pabent and navigatsd
untll i reaches e target site. Guided by the first cathsler, a stiffer navigation element 20 henmnserisd indo
the catheter and thus vesssl of the palient.

the target site i the sxample 18 the ascending aorta where the lvee legged stent-gralt prosihasis
200 is then posiioned via the gelivery Catheter in Big aorlic arch. The deliversd siate, assembiad with further
carnponents 11 the aorlic arch 18 Eism*ra*e’&ﬁ in Fig. 10,

Then a three-tegged stentgralt prosthests 200 is oollapsed or fulded o 8t inside the first catheler 30
St pushed along it wilh e nawgation siement / guids wive 2 may running nside he mamn pari of the stent-
gratt prosthesis and exiending out through one of the tegs 201,

The three-lequed steni-graft prosthesie 200 18 provided with a quiing stement 10 altached inside
one of the ofher legs, as descnbed above. I an gxample a 1pcation near of {0 the et ol the agic arch is

rf/,-'
ar-f-ff

site

.ﬁ:
e

(4 4

-l'-l'

PESIRITRC
Cach guding element 10 and ngwigation slement 20 can be labelied at the end proximal end for easy
wienbfication. The proximally iabelied end is configured to be oulsids of e paent dunng implaniaton.
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Folowing, when at the corvect position of Hie larget site, e stent-gratt prosthesis 200 15 pushed out
of the catheter 30 and aliowed 1o fully or pariially expmﬁ Of Unfold, as disgussad c«b:w s rotated uidil the
legs maich the main vessst and the neck branch vessels of he aoria. And as explamned above this alignment
can be perfonmed 1 varicus ways.

Mext, when the hree lsQged stent-graft prosthesia J0U 19 i piace, the sysiem 100 can easty be bl
up wath further modiles. As discusasd above s can be dong in several ways and © miﬁ example hwo slent
graft prostheses 1 having side branches 3 and stent-gralt prs:}s%h:- zes GUd for &xteﬂémg inte Hhe branch vasss
are degloyad following the three-egged stent-gralt grogthesis 200 as described abovs with referance 1o Figs.
Tand 2.

N he exanple Buskated v ki ga 1 and 2 an exiension slent-grafl prostness 600 18 navigated via the
guiding stement 10 aflached inside ong of the iegs of the fhree-legged stent-gralt prosthesis 0 ang
navigated through the three-legged stent-gratt prosthesis 200 and positioned so at it can extend out hirough

the leg. Here the stentgralt prostheats 00 18 expanded and connecied o the leg v an overlapeng mannear,

Fotiowing, the first 3 emtaﬁrafi nrosthesis 300 with the side branch 3 18 slid info place aiong he
guading stement 10 and connacied B he Hird leg U3, Alter or Delore the deployment aiong Ine guding
aiemient 1U the second sleni-gratt prosthesis 300 18 sid along the guidewire A and connecled o e second
leg 202,

NO aortic clamping stopping bieod Row in the aorla or cardiopiegia 1s necessary. giood Fow through
the aoria and the Sie vessels s nol nlerrupled duning the grocedurs thanks o the paratlel arrangement of the
stent-graft prostheses 3G0.

when delivening a slent-gralt prosthesis the side branch{es} 3 are al the same ime navigated inig
place with the stenbgralt prosthesis and expanded info, or at lsas! fowards the dranch vessel, Foliowing, any
adadional exiension stent-gralt prosthesis can be inseried based on the desired need 1o furlher exiend inlo the
branch vessel

N 'ﬁxt a stent-graft prosthesis 400 with hwo iegs i1s moved in a collapsed stale inside the first catheler
30 along guide wire ,e:!;‘ and guiding element 18, The stant-graft prosthesis 400 s onented so that the legs are
positonad fowards the stent-gralt prostheses 300 alveady connecied. kach ieg 18 guided along one of the
giding etement 10 and the guide wire 20, so that each leg can be guided b one of the previous stenbgraft
prastheses 300 with side branches 3. ¥When 1 place, the stentgralt prosthesss 1 is released from the catheler
S0 and aliowed o axpand.

Alternatively, the coltecling stent-graft prosthesis 440 may be connectad to the proxemal end of the
branched stentgratt prosthesis 300 prior 1o commesting ihe side branch andfor delivenng an extension stent-
graft prosthesis 500,

Next a Wbular shaped stent-gralt prosthesis 410, without 18g8 or side branches, 15 pushed inlo place
througn the catheler 30, and navigaled and connedied 1 the previous stent- g fﬁf’&: prosthess K0 a simitar
manner but now hawng both he gurding slemseit 10 and he guide wire 20 wunning insiga. Langth of the
aossmbied prosthesis s agiustabis by a wriabfe overap of he stentgralt pro st‘ae 363 chosen by tha surgdon
durning npiantation when the nterconnection of thess 18 made,

Then a twg-legged stent-graft progthesis 420 is connecied 10 the ubuiar shaped sient-gralt
;}r@sﬁﬁe&is 1 in e sams manner. This two-sgged stent-grall prosthesis 420 Is orianted with the legs away
from the slent-grall prostheses airsady distally connected upstream the aoia. These i8gs nin along s
guding uiemesn 10 and the guide wire 20, respachively, The length of the assembied prosthesis is adjusiable

walV'y
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by & vanable overiap of the slent-grafl prostiieses chosen by the surgaon duning impiantation when the
inferoonnection of thass 8 miade.

After connechon of the twodegged stent-gratt prosthesis 420, a stent-graft prosthesis m with two

side branchas 318 guded BE{EF*“‘ the guiding element 10 through a delivery catheler, i a manner smidar o
previgusly delivered stent-grafl prostheses 30U, When the mam dody of the stenbgraft prosthesis s in
approximately the nght place, further navigation of he side branch 3 is done to be rotationally corveclly
orienied towards e side vesssls. The sife branches 3 are thus alignad with (e branch vessels and
axpandad info the branch vesseis, Distally, e stentgrall prosthesis 310 1 connactad with one of the legs of
fhe fwo-tegeed stent-grall prosthesis 420,

Ther, a stent-graft prosthasis 320 with two st dranches 3, and turther guiding 10 or navigation
stemanis <U, 18 guided vig the catheter 30, aligned wath Dranch vessals and connected 10 e second isg of e
im»!e&gq&ﬁ st&nhgraﬁ nrosthesis 440
nally, a last fwo-legoed stent-gralt prosthesis 430 is positionad and the two legs are connecled ©
fhe wo slent-g aﬁ prosineses 31, 320 with two side branches 3, i a similar manner as descenbad above, by
use of a delivery catheter 30 and running along the guiding slement 10 and the guide wire 20, respeciively.

Yhen the s*,fs-tﬂm 100 18 connecled and complele, il remaming mavéégatiaﬂ sienents 20 and
catheters 3 are removed rom the patient. Guiding elements 10 may be gistaly cul and remaining fength el
i plac& preferably for subsequent tiodegradation.

i an exampie, Busirated i Mg, 10, 8 complele syslern 100 Is shown assembied and mpiantsd
nside an aorke aren of @ patiend. As ¢an he seen, the diferant stent-gratt prostheses 1 have been connedlad
fo each olher and stde Dranches 3 have been extendad inlo branch vassels and further exiended with stent-
gratt prostheses 1.

Furiher proximal stent-gralt prosthesis modutes {not showny, e.g. tor diac artery recanstruction or
repalr, may be provided and implanied, such as connecied o ihe proximial end of the slenb-graft prosthesis

430

WL 3

!’"’
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s

J'
e

Furiher exampies of methods and procedures are given below:

& miethod s provided for navigating a stentgralt prosthesis {o 8 branch vessal. The method
nciudes providing a stentgralt prosthests 206, 300, 316, 320 and navigating the lalaral side branch into or
FOWAres @ branch vessal by moving the ateral side branch using a guiding stement 10, The misthod may
ncilde expanding a stent-gratt prosthesis celiversd through he laleral sigde branch 3 rom a coliapsed slate
i e branch vessel when navigaled in posiion at the branch vessel. The method may indlude
infgrogrnecing an expansion slement p00 at e lateral side branch ang into the branch vessal for iurther
axtension o the branch vessel, whersin the expansion slerment preferabiy 18 a stent-graft prosthgsis,

A method 15 provided for mtercennecting a pluraidy of stenb-grait prostheses. The method

ioiudes mroviding a stent-gratl prosinesis having a bendable guning siement connectad at an et of g sids
pranch. The method may moiude interconnssiing & pluraiity of such stentgrat! prosthsses ncluaing siding a
cathetar by means of g quiting mate 8 along the guiding element to the exdt of the side b*am‘h aNna gelivering
another slent-grafl prosthesis through the catheter along the bendable guiang elemant for interoonnection of
tent-graf prosingses. The stent-gratt Drosthieses praferadly Nave a same Aimension at the INterconnection.
A medical procedurg & provided including acoessing 710 a targe! site being a vesssi in 8
patient; delivening 720 a first slenbgrafl prosthesis io the inaide ot the vessel at the largel site frough 8

’fsf
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detivery catheter, wheramn the farget site has a sige hranch vesset, delivering 730 8 second stent-grall
prosihesis to the trst stent-gralt prosthesis, connecting 744 the Tirst stent-graft prosthesis o the second stent-
graft prosthesis for ;::a**m:dmg a biood flow to the side branch vessel, whersin the delivery of the second stent-
grait prosthesis ncudes siding a caheter along a guiding slement 1010 a posilion Msice a lumen of 8 side
branch of the firgd ier* -graft prosthesis; and expanding the second stent-graft prosthesis for connecling 1o the
first stent-gralt pro ....m 3

L
ﬁfj
-l'-l'-l'

3.
A medﬁ:ai procedurs 13 provided including accessing 810 3 te baing a vesselin a patient;
detivenng 820 a first stentg ai‘ crosthiests o the inside of the vesse i g el site through a delivery
cathelar, whersih the targed sile has a side branch vessel, expanding 83& *  sida Dranch 3, delivenng 840 &
second stent-graft prosihesis (o the first stent-graft prosthesis -'-mrj o gib the side branch 3 fo the side
veaseal: and conneching 850 the first stent-gralt prosthesis {o the second stenbgratt prosthesis for provding a
blood fiow o the side branch vessel,
Anciner exampie of a gsiivery procsdure 18 a5 foilpws:
1. ingserling 8 delivery systen via an introducer sheath info a patents body.
2. Upsyung an outer shealn 9 and removing from a proximal end of a prosthesis owards g sige
b*anch orosthesis direclion, Keep opsamg il ihe side branah pmsth SIS 1S released ann
xpanded Rlly,

‘*imgxxg openrg W the sws branch prosthests © killy exposet.

Adgiusting the posilion of he prosthesis for mitigl malching.

nserting a double lumen catheler 30 over a pre-lpaded guiding elemant 10 and allow d bravel to

f1e sigds branch prosinesis, B s e end al connection poind 11,

insert an addibonal guidewire via the double lumen catheter 30 and make it profrude from tha side

bvanch 3,

7. Ophonaily perlorming firher agiustmeant of the position of the prosthasis,

8. Onge the pe-s:’ftim of the side vessel is identified and confirmed, advance the ad
forward 1o secure the position.

8. Onee “‘he acdsmm guidewire 1S securely staving in the side vessel, ramove the double umen
cathster ang deliver the connecting prosthes:s 500 by using the additional guidawirg and guading
element 10 over onifice slement 610 for desived overiap.

10, Once he connacting prosthesis 500 13 In side vesse! and fully expanded, remove the rest of the
outer sheath 8 of the pravious prosthess releasing d entirsly.

11, Uniock e guiding slement 10 from e side branch prosihssis and remove all guidewives and

alivery system from the patient’s body.

y

L L L

SN

dditional guidewire

,p-

(e
The present disclosure has heen desonbed above with referance [0 speciiic exampies. Howsver,
other exampies than the above descnitied are egually possibie wilhin the scope of the disciosure, Different
method steps than those described above, may be grovided within the scope of tha disciosure. The different

sf

fealures and steps of the disciosure may de oo ‘dﬁb%ﬁ%h it other combinations i‘"‘iai‘i thoss desenbeg. The

rnathod of maﬁufﬁemrmg Ang deimery the systermn are not part of the invention,  The: invention
s only mited by the appended patent clam
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Patentkrav

1. Medicinsk system, S om indbefatter en forste
hovedstentprotese (1), der har mindst én lateral gren (3),
en anden slidestentgraftprotese (600), der har et legeme
(601) af en overvejende rerformet vaegstruktur (605), og et
styreelement (10); hvor:

den laterale gren (3) har en distal abning i en distal ende,

der er konfigureret t1il at modtage den anden

sidestentgraftprotese (600), der kan kobles dertil,

hvilken rgrformet vagstruktur at den anden
sidestentgraftprotese (600) indbefatter et abningselement
(610), der er konfigureret til at modtage styreelementet

(10) gennem dets abning, og

hvilket styreelement (10) har en distal ende, der er

placeret proksimalt 1 et 1ndre og 1 en afstand fra den
distale abning af den laterale gren (3) i et
tilkoblingspunkt (11) af sidegrenen;

saledes at stentgraftprotesen kan anbringes glidbart langs
styreelementet (10) over abningselementet (610) til abningen

p—

af den laterale gren (3) til fremfering og anlzggelse af

sidestentgraftprotesen (600) gennem et fremfeoringslumen at

et kateter, 1det dets lumen trakkes over styreelementet,

hvor den anden sidestentgraftprotese (600) straekker sig
distalt forbi tilkoblingspunktet, nar den bevages med dens
abningselement (610) over styreelementet (10) til indgreb i
ti1lkoblingspunktet; og

abningselementet (610) fortrinsvis er en styrepasning (9).

p—

2 . System 1felge krav 1, hvor vagstrukturen af den anden

sidestentgraftprotese (600) har et overlapomrade (630) til

sammenkobling t1il den distale ende af den forste
hovedstentgraftprotese, hvor abningselementet (610) er
anbragt 1 overlapomradet (630), hvor overlapomradet (630)

fortrinsvis er anbragt i1 et proksimalt endeomrade af legemet
(601); o©og hvor styreelementet (10) fortrinsvis er en

tekstiltrad eller suturtrad eventuelt med en rentgenfast
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marker, sasom en referencemarker og/eller en rentgenfast

g—
—

aflang marker, der straekker si1ig mindst langs en del af en
lengde af styreelementet (10).
3. System ifelge krav 2, hvor abningselementet (610) af

den anden sidestentgraftprotese (600) er en abning 1 den

rerformede vagstruktur, hvor abningen fortrinsvis er et @je

1 et vegmateriale af vaggen og fortrinsvis har en forsterket

periferikant eller et forstaerket perifert omrade, sasom i

vegmaterialet tilstedende gjet.

4 System 1felge krav 2, hvor den reorformede vagstruktur

g—

af den anden sidestentgraftprotese (600) har en yderside, og

g—

abningselementet (610) er anbragt pa ydersiden af vaggen.

5. System ifelge krav 4, hvor abningselementet (610) af
den anden sidestentgraftprotese (600) er en sideabning,
sasom et @je eller et rerformet element til modtagelse af

styreelementet (10).

6 . System 1felge krav 3, hvor den regrformede vag af den
anden sidestentgraftprotese (600) har en 1nderside, 0©g
abningselementet (610) indbefatter en reorformet struktur,

der er anbragt pa indersiden proksimalt og mod abningen til

modtagelse af styreelementet (10).

7. System 1feolge et hvilket som helst af ovennavnte krav,
hvor abningselementet (610) af den anden
sidestentgraftprotese (600) er anbragt 1 en

rotationsposition af den rerformede vegstruktur til fremme

g— g—

af en rotationsposition af legemet ved fremfeoring.

p—
—

8 . System 1feolge et hvilket som helst af ovennavnte krav,

p—
p—

den anden

hvor abningselementet (610) a:

sidestentgraftprotese (600) er en styrepasning (9), der er
konfigureret til at modtage styreelementet, saledes at

stentgraftprotesen er konfigureret til at glide langs
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styreelementet (10) over styrepasningen (9) til abningen at

den laterale gren (3).

g—

9. System 1felge et hvilket som helst af ovennavnte Kkrav,

hvor styreelementet (10) er fremstillet af et Dbiologisk

nedbrydeligt materiale.

10. Kit af et system 1folge et hvilket som helst af kravene

1 til 9, som 1ndbefatter den fegrste hovedstentprotese, der
har en lateral gren (3), og den anden sidestentgraftprotese
(600) og mindst ét af styreelementet (10), hvilket
styreelement er bejeligt og/eller fleksibelt og er distalt
permanent eller frigerligt koblet til den laterale gren (3)

i en afstand fra den distale abning af grenen (3).

11. System, der 1ndbefatter kittet 1felge krav 10, hvor

styreelementet (10) proksimalt strakker S1g gennem

p—

abningselementet (610) til styring af stentgraftprotesen til

den laterale gren (3) mod den distale abning af grenen (3)

under fremfering, saledes at abningselementet (610) af

stentgraftprotesen ved fremfering anbringes med. et

proksimalt overlap 1 den laterale gren.
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