WD 02/ 087471 PCT/ GB02/01970 METHOD FOR MANUFACTURI NG STENT- GRAFTS Thi s
application relates to a sewing nachine and in particular to a sew ng
machi ne WD 00887471 n t he construction of vascul ar stent-gr CTraGB03/01970
Stent-grafts are tubular constructions for use inside blood vessels. They
generally conprise two conponents: a quasi blood-tight tube that is
usual ly fornmed of textile or mnenbranous material, and a reinforcing
structure which is usually nade of wire or other filanentous netallic
material. 10 The tubul ar graft conponent is usually made from woven

pol yester fabric, al tME?ﬁbﬁﬁ@R’MﬂﬁﬂmT ; stﬁﬁ‘:r-%] es. The graft
i's supported on netalTtc rings which are generaity tot omw re but
are occasionally cut fromnmetal tube by means of laser «cutting or simlar
means. We h.attalch d t‘ﬁ t he graf.t, t he rretda,l rings can define a single 15
pl ane at an SAGPEAEN FHCS LD E5e3fing machjpe ppd nREicules de 2 sanngarashine fombesed so
t hat they ﬁqﬁge@mﬁh@ﬁo]ﬁw‘fa@l&ﬁﬂ&e@gg}ﬁrt cylinder on the surface of the
graft, or the rings can be fenestrated or |inked so as to produce a |ong
cylindrd cal reinforcing elenent on the surface of the graft. In alnost all

designs, the reipforcing rings e attache the surface of the graft by
neans 20 O@%%tagrﬁﬁ%%re\itﬁl?@ﬁ %’Pgtr'b“zlrr%? %’ITWG %’{’ﬁ‘glle:;bg‘ﬂ’db‘ﬂfsﬁ ﬁe&gﬁ%ﬂﬂl@éi gns ‘
enpl oy NManybnipHE teE SoMbondiid U SRR DId- 5k UiRShARSudhBY FiiRd3pd ‘
associated with attachlp_n theg sut ur e?hi s high. uAlddsllti onal PyXﬁﬁer bur den
of assuri ngembengusmpteliab fndg esigfosaing structue sshpdris unellywhide @f thiee or other
inplicati Jal ity. stitching in a device which is inplanted into
a patient 0@2%18 tgﬁg%ﬁw%}&f’%%ﬁ‘@ serious to the health of the patient. 25
There 1i0s al so a requirenment to manufacture stent-grafts to fit the

anatom es of individyal patients. In particular, the |engths, dianeters,
tapers, sediTHagr gragcPTPanent ivesuply mefe fomr wowindgelyesten has, althoggleatewgr af t s
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generally formed from wire but are occasionally cut from metal tube by means of laser

cutting or similar means. When attached to the graft, the metal rings can define a single
15 plane at an angle to the axis of the graft, the rings can be corrugated so that they define the
surface ofa short cylinder on the surface of the graft, or the rings can be fenestrated or

linked so as to produce a long cylindrical reinforcing element on the surface of the graft.

In almost all designs, the reinforcing rings are attached o the surface of the graft by means
20 of sutures which are generally applied by hand. Some designs employ many hundreds or
thousands of sutures and the time and cost associated with attaching these sutures is high.
Additionally, the burden of assuring the quality of every stitch is expensive, while the
implications of poor quality stitching in a device which is implanted into a patient can be

particularly serious to the health of the patient.

25
There is also a requirement to manufacture stent-grafts to fit the anatomies of individual
patients. In particular, the lengths, diameters, tapers, secondary tapers and the location of
side-branches of stent-grafts are required to be tailor-made for each patient and this can
take an unfeasible period of time when the stent-graft is made by hand.

30

An alternative solution has been described in WO 99/37242 (in the name of the present

applicant) in which computerised embroidery is used to manufacture a flat-form device

SUBSTITUTE SHEET (RULE 26)



An alternative solution has been described in WD 99/37242 (in the nane of
the present applicant) in which conputerised enbroidery is used to

manuf act LWwWe oa/08714at - f orm devi ce SUBSTI TUTE SHEET ( RULE 26 PCWWOE2H0BT471
PCT/ GB02/ 01970 2 which is subsequently rolled into a tube. This approach
solves many of the issues associated wth hand manufacturing but results
in a seam and prevent sonme continuous structures from being designed. 5 GB
2165559 (University Cbllege London) di se¢l oses a sewi ng nmachine for form ng
stitches in a substrate, for exanple body ti'ssue, during surgery The

sew ng rm@v'i’ﬁrﬂxﬁ% grﬁgé%&%’%tw?&?édl ﬁs?{& da  Qud U’Jflgx %?5&%&1&6@% g%f?he 1%su%s substrate

into the nmac | Spose nee a hook. The
needl e caassbhietedlvathisad manufadingbue adulihincighmtdng prévehtiethesatihgusof
substrate to ener e t he her side, and to engage the thread on the hook.
10 This aSfYoH e?@ %ﬁ“ﬁ?@h the sewi ng machine being noved al ong the
substrat e, thereby formng stitches in the substrate. This sew ng nachi ne
could not be enployed to stitch thread to the wall of a tubular graft,
because t o8 @r@ﬁw ﬂ@niwdsihy)ﬂob%@mrﬂbn) disdloses e gepinganmdchitedfoefoaining stitdhes ded
section of % to be sug d into the machine. 15 US 4, <%§F159 (Shil ey

| ncor por a’[l Uy | 8§8’§an?ap ?qyotassf‘%rduflﬂg M85 Ya HIGISEIVHIS BIhiieraqleysyy

rol ling pﬁidu@ﬁ&&pﬂl a Fd18SHRclibY O e bitRGaRPEtoThd ﬁﬁ&hﬂ&s@ihﬁf‘ﬂ iddigokape to form
a longitudinal seam However, the stitches are forned conventionally by

passi ng ab¥tweema negddgmarsirehankd a he@ﬁedlh eans@anrbe osadite fcﬂdrthread rdlroﬂr@ that si de of

t he tube. 2 ort er sew na W ng a
series offoigeéiggdtwnrogfllsngorcr i AR %168 65 ’1%8’n361% t?&%ﬂ%r%éh% flt%lr oof
fabrim Thmsrm@dn i8 eeprared Widehe s@wlhg Mghchine Beingm&téd R (BY arbswﬁth Ghedebg Wor k
piece is pulled like a sleeve on an arm A fixed stitching mechanismis

provi ded ingatitshes incthe spbsrater dihls sewingmaeliine prudé aot berranploysdite stitch
mechani sny,ady @]gegw e Qgg
formed therel ﬁg %{;@a&"%ﬁla g%ﬁ Héa%\ég{?e[h‘ggr &ﬂghﬂ &ﬁcéﬁttyt ﬁléf}{
di scl osestoznsbitarfoldgd mhnrmégfarﬂrto bsmumedmgorthmmaﬂﬂn@ar ts of a patient. The
machi ne conprises a needl e holder (effectively a
15 US 4,502,159 (Shiley Incorporated) discloses a method for forming a tubular prosthesis by
rolling pericardial tissue into a tube and stitching along the tube to form a longitudinal

seam. However, the stitches are formed conventionally by passing a thread from one side

of the seam to the other on the outside of the tube.

20 US 4,241,681 (Porter) discloses a sewing machine for sewing a series of spaced
reinforcing rings on a long flexible tube of fireproof fabric. The machine comprises, a long
tubular support over which the work piece is pulled like a sleeve on an arm. A ﬁxedﬁ
stitching mechanism is provided for forming chain stitch in the work piece, and a puller
mechanism advances the work piece over the support as the stitches are formed therein.

25
US 4,414,908 (Janome Sewing Machine Co., Limited) discloses a suturing machine for
suturing incised parts of a patient. The machine comprises a needle holder (effectively a
pair of pliers) and a shuttle holder which is slideably mounted on the needle holder. This
means that movement of the needle independently of the shuttle is not possible for all

30  degrees of freedom. In particular, movement of the needle holder to pierce the needle
through the wall of a tubular implant would inevitably result in a corresponding movement

of the shuttle within the bore of the implant. In practice, it would not be possible to



pair of pliers) and a shuttle holder which is slideably nounted on the
needl e holder. This neans that novenent of the needle independently of the
shuttl e iwomewspossi ble for all 30 degrees of freedom | nPparGBocOIED,
novenent of the needle holder to pierce the needle through the wall of a
tubul ar inplant would inevitably result in a correspondi ng novenent of the
shuttle within the bore of the inplant. In practice, it would not be

possi ble to WO 02/ 087471 PCT/ GB02/ 019703 3 mani pul ate the needl e w t hout
causing the shuttle to inpact:- the side walls of the inplant, thereby

L' Z lfélng Og%%%ﬁﬂ&tg tl% 1 eehf@%ﬁ*@hﬁ %Augmg%@éhtuﬁi 1{n§§ct‘%ﬂb8ge gvgﬁ%%fca%? ﬁ% ant, | | o

to the | onigirébydiigkahg dathszead thelimpheed! e hol der and the needl e holder is
rotatable circunferentially about the axis of the shuttle rod. This nmeans
that rotation of the needle holder causes the needle to follow a
circunferenti Thus
the need & SbaraTan tcliinird o USRE 25, ol FhARIEnCHORURNR ST WblcT:

Rat her$ i slideblecpasillgbtosthe ilcrrrghtedmamxmjoﬁthenead]bd lolder dndelps mypdle hohh:s fsant

di stance 10 fromthe _ce f the hor ._invention is designed
Lo’ addr os otbRRpspE e S B pES cbe ARBySE o oo braoriprpEeng
rings to hged$ ﬁaaa%ubaé tﬁ&ﬁéé'ﬁfé%o‘&@lﬂ&ba%fr@uxﬁf%?éﬂtﬁﬂpéﬂl Whiéh 38WbAgant MACHI ne
which is controlled by conputer. The sew ng machine conprises a nunber of
15 novel distinga frgmsthmhldﬂe p&hus the geaﬁlm@uédm@/er henegnatef the sidefwaHaxf  tubularbes
and the stlt of . w r oth str ure to.the surface of the

t ube. SpeC| |caIriirld)'/:he’rsltt P’Vl?(‘flfdfﬁnglg IYC%W ebaé-ou% (%ﬁ ”PBISapﬁge?pﬁ%? C?)rfs‘[agﬁﬁléﬁan%%r faces
of theot ulsem thBeemecsithebslescri bed herein can al so be used to nanufacture
ot her tubul ar devices which 20 incorporate a filanentous conponent in
which the filamentous conponent is applied to the surface of the tube in a
separate o f 69 (in the
nane of tgﬂgéfetgésrgq?&e%lw?sc%%{% E{adp‘{)fl shbh%)ﬁehﬁgﬁq Sho%@?(g%}lé%%/% ate of
the pr eseaﬁoxmpglthminfommglﬂng"sed) he e1$adhed By Betiifee dviadidara ppplicdt wish 4 Sswiagi t chi ng

thread to the wal | raft, for_exanple to forma graft-stent. The
present i AFEHPP 8’2‘1 hgis &ﬂntfor}lgfl%é'é’ﬁwtert ¢ &vgng machine comprises a number of

15 novel mechanisms which permit sewing onto the surface of narrow tubes and the stitching

of wires or other structures onto the surface of the tube. Specifically, structures can be

sewn to the inner or outer surfaces of the tube.

The machine described herein can also be used to manufacture other tubular devices which
20  incorporate a filamentous component in which the filamentous component is applied to the

surface of the tube in a separate operation to the formation of the tube itself.

WO 01/30269 (in the name of the present applicant) was published after the priority date
of the present application. It relates to a method and apparatus for stitching thread to the
25  wall of a graft, for example to form a graft-stent. The present invention is an improvement

thereto.

According to a first aspect of the present invention, there is provided apparatus for
stitching thread to the wall of a tubular medical implant, comprising a support for the

30  implant, a needle to drive a first thread through the wall and into the bore of the implant,
and a bobbin for carrying a second thread through an open end of the implant into said

bore in order to form a stitch in combination with the first thread.



According to a first aspect of the present invention, there is provided
apparatus for stitching thread to the wall of a tubular nedical inplant,
conpri si yoazesmport for the 30 inplant, a needle to driveca/dBoest97ohr ead
through the wall and into the bore of the inplant, and a bobbin for
carrying a second thread through an open end of the inplant into said bore
in order to forma stitch in conbination with the first thread. WO

02/ 087471 PCT/ GB02/ 01970 4 The needl e and the bobbin are preferably

di sposed so that the |ongitudinal axes thereof lie 1in a comon plane.
Preferably, the axes are at 901. 5 The relative positioning of the needle
and the bobbin allows the stitches to be nmade in a nore confined

envi r onnefthe nhedle bsd the dsbbiherapreferably dispesetlisoiadt tiscongigudinmt htasehertdfdice by
allowing stitches to be_mgde {n the wall of relatively snall dianeter

t ubul ar gﬂ%?f’%lmnoﬁ&’g%‘redipﬁe BlvathegxehefeatPeet of the present invention,
there is provided apparatus for 10 stitching thread to the wall of a

tubul ar nedical inplant, conprising a support for the inplant, a needle to
drive & f iThstelativegaditionimguftihe iedlsednkd thnbbtibiv alldwrethb stitehafto bheadefd ant ,

and a bobbin for. carrying a second thread through an open end of th

i npl ant i M%° g%ﬂﬁdlegﬁﬁ Trotfhpent, fhgm 18 P‘ng’Ibﬁf‘rW}tB aLPpYHOR SE@H’& Dﬁnth\ﬁiegﬁ t he
first thrensyinshatBbiroast rﬁédmgQﬁeewalbaﬁt&uﬁvéwﬁdmﬁetef QphEELahe Support

t he bobbin inside the bore of the inplant. 15 In a preferred enbodi nent,

t he bobbin support is a rod having a recess in which the bobbin can be
seated. In _an.alternative enbodinment the bobbin suppori .is a rupner in
whi ch t he SSBEIMS 10 & spyomd appec Qg%hﬁé’%}eé;é?tﬂf%e g tbarte 1%$1%§’ }ﬂ[eﬂ PRAHUS I o or abl vy,
t he rumnestitehing thrédtetolthe Wallof @ tibule nddidal anSlhet corpyhsls sudpbRTei et 0 al | ow
t he needl e access to the bobbin through the slot. In a particularly

pr ef er r edTeRlaRelf Rels tordieversoliyst threst thyongh Begtalk anddniprihehore o diefimplanher sits
prf er abl g & p o e pTthe Yok hala Mo MRG0 of L, IG RUTIEE L 0
t he path béretiherdentefie astitdhtiatcombinatien tith thdfitst theedds wheelid dnadi@gatec0 engage
the 1oop gcf)bbtil’li] Equkh% p}or\}{d%gq{) s&prf)%rt the bobbin inside the bore of the implant.
15
In a preferred embodiment, the bobbin support is a rod having a recess in which the bobbin

can be seated.

In an alternative embodiment, the bobbin support is a runner in which the bobbin is free to
20  move into and out of said bore. Preferably, the runner is in the form of a tube with a slot

provided therein to allow the needle access to the bobbin through the slot.

In a particularly preferred embodiment, the bobbin sits in a shuttle which itself either sits in
the recess in the rod or is able to move up and down the runner.

25
Preferably, the shuttle is biased towards the side of the runner proximate the path of the
needle so that in use the shuttle is positioned to engage the loop of the first thread, the
biasing being such as to allow movement of the shuttle away from the bias to a sufficient
extent to allow the second thread to be wound on and off the shuttle.

30



bi asi ng being such as to allow novenent of the shuttle away fromthe bias
to a sufficient extent to allow the second thread to be wound on and off

t he shut twe.028874WD 02/ 087471 PCT/ GB02/ 01970 5 In a furthecTassedistent, at
| east one end of the shuttle is narrowed and optionally curved so that
when its orientation is maintained in the runner as descri bed above, the
tip of the shuttle is brought close to the tip of the needle and the
centre of the |oop of suture. 5 The enbadi ment in which the bobbin sits in
a runner is particularly suitable for small diameter grafts (perhaps from

31to 6m’r) I WGk %m%ggin%g?oag e’érEtrUne' B&l?’?ﬁ%@hﬁﬂgl xf%%d'agﬁi gﬁ@%}e&l?

recess in a ro IS suit avi ng a Targer perﬁaps
from7 toso ﬂ{hmllen it® ohentathsrr ﬂfrmntameé ibibe iretet as ddstribddoabovs taty oiiet 0 t he

second thr it throygh a .series of holes in the shuttle or

bobbi n carsﬁ‘i?’[ ylirﬂ a}'ﬁ f ia theitlp @defmﬁ&%@nﬁFﬁgﬁ’ﬁlw@suW%e br aki ng
effect. In one enbodi nent, said apparatus additionally conprises neans for
tensioning said 15 second thread to facilitate the formation of stitches.

The neans Theembedigieahinghich jhe obhpr ditsén a rumapisipagicobdly saitetie &t stallnove

I th d f_th huttl.e nd.a stop,on.the osite
o aeof ¢ AR e R PBEARE R 51 only sttt 1 cofedirgethanp BB o BHER  hat
in use thges&riandetdds apslrddbs Seisabkefongailis hieing hagne bﬂﬁaﬂﬁ@l@f/gﬁﬂﬂ pé iemShist t1 e

as it leaves the shuttle and can be trapped between the trappi ng body and
t he shuttP8mBY. urging 20 the trapping body into the shuttle against the
stop, in order to allow tension to be applied to the second thread when
forming a stitch. In an alternative enbodi nent, the neans for tensioning
t he se@onth 4 preésﬁdsdcmmmhﬁaﬁ friceien is applicd @t thé sdcond thrésl By WentngSpthiréigsh 4 0
trap the threa g The tus q$y conprise 25 peans for_a Iging
addi t i onaPerF s Beleamy ©biistls gEbolbuneariig: e SrpaterHeRUTBEtOLBpPhthe ErealsE
t ensi oni ngﬂequagl}%e frhsead; said nmeans may have the additional function of
novi ng the shuttte along the runner. Thus the travel of the shuttle can be
practically achi eved by nmeans of push rods which act on it at either end
of the guhlde tu bn
one embodiment, said apparatus additionally comprises means for tensioning said
15  second thread to facilitate the formation of stitches. The means for tensioning may
comprise a trapping body adapted to move along the runner independently of the shuttle
and a stop on the opposite side of the shuttle to the trapping body, the arrangement being
such that in use the second thread passes between the trapping body and the shuttle as it
leaves the shuttle and can be trapped between the trapping body and the shuttle by urging
20  the trapping body into the shuttle against the stop, in order to allow tension to be applied to

the second thread when forming a stitch.

In an alternative embodiment, the means for tensioning the second thread comprises
resilient metal (such as a leaf spring) to trap the thread. The apparatus may comprise

25  means for applying additional pressure to the resilient metal in order to facilitate the
tensioning of the thread; said means may have the additional function of moving the shuttle
along the runner. Thus the travel of the shuttle can be practically achieved by means of

push rods which act on it at either end of the guide tube.

30  In a further embodiment, the apparatus may comprise a variable brake on the bobbin in the

form of a screw acting on the bobbin, preferably via an ‘O’ ring rubber washer.



30 In a further enbodi nent, the apparatus may conprise a variable brake on
the bobbin in the formof a screw acting on the bobbin, preferably via an
“0' ring wobbes7anasher. WO 02/ 087471 PCT/ GB02/ 01970 6 A Pew/GBIROMTD
enbodi ment conprises a shuttle or bobbin carrier which can be rolled in
order that the second thread has lie to across the surface thereof to -
increase the friction acting on the second thread and thereby have a
braking effect. 5 In one enbodi nment, theg manufacturing machi ne here
described fornms a two threaded | ock stitch by neans of a bobbin-carrier

(and the gﬁﬁg j j I : rough -t he . l unmen o he tube
bei ng manuf-ac ?m%g% mg%lﬁ%él ! ?1% S%(S:%(l%lrugﬁé gr %(ﬁ)lb?l %dén%ru‘glélc gg%gesmﬁlﬁﬁ& Bhg h the
entire | englehtlnf thelsecaidahicad had lic @rudrass jesifaceathe@bf fdehcreid e friction The
gui di ng tube pos essesﬂgﬂ%%£t (whi ch may its entire | ength)

be al on
t hr ough WATHS Wac fesel @E@m@@byhﬁmgéﬂﬁﬂﬁééggﬁ-to the shuttle. The

needl e carries, at its tip, a |loop of suture material (or any thread),
both free ends of which remain on the outer surface of the stent-graft.
| deal |y, hhene euhiadementbthe menufachwimgcnachinedierecdesasbegidfotrhon tveothasidedlgerovi de

igidit i has be l.ost as result of formng the longitudinal slit.
157 mhe. puf B8 PuBEEREG DeotRBt it Gut e upm b S doa (b ProvEbeer | o
whi ch r et finits Jffiee wHb Ybink Ml fARAY. LBk RhnuIRGREL %gigﬂ{gotgﬁm%s&% ough

constant-force action. A'second strip of  materi al e tube®in
conj unct i te outireength of thesstent-grafoardi piggects ateithier entl afipethe giidingéuter esent

i ti ' id tus. f titching thread to th N
of 't ubcPPh B ORRAAEL R S Rhsud fudien Vb hentefipest o' "
need| ¥) t ogaiti ase@setofl the Shutlld)r Elesndelle@aes] di6ts\pl 4 1P risiiue hBRribqQbLaBf the

i npl ant, ar;g a hobbin for carrying a second thread through an open end of
the i npl afeadhibgtishpgendsof which igmgtyon the putersuifase of the stent-gtafbildealiyothewi t h

the firstgf; ' ' . i 0 : . r el he
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| east pararesilt bf Hringrpgthb loritediaaladdit.y, t he needl e passes between the inplant
wal | and the substantially planar |ongitudinal surface of the shuttle. 30
The shuttle preferably conprises a bobbin within a bobbin-carrier which is

shaped  The guide tube may be formed from at least one shaped strip of material which retains the
shuttle by gravitational, magnetic or other near constant-force action. A second strip of

material may form the tube in conjunction with the first.

According to a third aspect of the present invention, there is provided apparatus for

20 stitching thread to the wall of a tubular medical implant, comprising a support for the
implant, a needle to drive a first thread through the wall and into the bore of the implant,
and a bobbin for carrying a second thread through an open end of the implant into said
bore in order to form a stitch in combination with the first thread, the bobbin being
mounted in a shuttle, wherein the shuttle is an elongate element with a D-shaped cross

25  section for at least part of its length.

Preferably, the needle passes between the implant wall and the substantially planar
longitudinal surface of the shuttle.

30  The shuttle preferably comprises a bobbin within a bobbin-carrier which is shaped
approximately like a long, narrow cylinder. Ideally, the bobbin-carrier is not quite circular

in cross section but has a feature, preferably a flattened surface, which can register against



approximately like a long, narrow cylinder. ldeally, the bobbin-carrier is
not quite circular in cross section but has a feature, preferably a

fl att enedweuwrdsmel; whi ch can regi ster agai nst WO 02/ 08747 PCPCB0EBOZN 01970

7 a corresponding feature in the guide tube, thereby naintaining the
orientation of the bobbin-carrier about its long axis. The needle is
preferably shaped so as to be substantially straight with a section renoved
(a 5 "scarf) to facilitate the formatign of a | oop. There may be a
correspondi ng section "renoved" fromthe shuttle in order that the needle
and the s hit o FRRGE to- 0. | . [ i nside the
bore of tEng%ﬁ?ﬁ&%ﬁgn |n%g&§ &gﬁ ﬁ%ﬁ%?&5§%?%3m8§§§ﬁ¥ﬁgsﬁ%1“§ﬁﬁ%nusua

r equi r enehbbhihearcewbng itsl@ptaxgy. afts is that structures should be able to
be attached to each other only with the strength of a stitch. This is
achieved in the current nmachine by independent control of the tension of

t hreads i Rb . : { . TR en
describedﬂgigézmﬁﬁgk%%ﬁ?ggﬁﬁggh%ﬁgtﬁgggpgk?ﬁ%%%ﬂﬁ?éﬂqggﬁ?%%gﬁggy neg s of
an el eTt r o3eaf3) toyfagibiate the fedhationsf ahvep. Wherchmapke atesesponidipesedton | y 15 of

t he positiqn of .t he ed! According to foyrth aspect of the present

i nvent i on,re{rﬁ’é’% Q@Sﬁ%&“@e n %ﬁ%ﬁtg@ 968316 aé’aif%%ﬁuﬁge q{pgg]aerg%e{) wal | of
a tubul ar theetioGabupyTBss0bm 1HQAPTHe HotDoGhS BRBCAHAN InOf cdnentidndPledleg @ needl e
to drive a first thread through the wall and into the bore of the inplant,

20 and a Bé#sne for carrying a second thread through an open end of the
inplant into said bore in order to forma stitch in conbination with the
first thread, and nmeans for tensioning the first thread, wherein the neans

for tHNsi Aniuagsuapesgairefentvaienesaatsient-gfafistie thae sthanirssRhoud betibil/ion@ t he
needle. 25 A strain gauge may be provided in the path of the first thread,
t he secontftachediapaph othst anly Withdhe plasnstiyela stitehn nTiiaistashiengd mdbe pweent equi r es
a mechani sm; 3 il 8 hei s are
atitonod Fachifl BElebaRehiiotlealohehailh 8 fored ot b R A BERRLS 2 ©
coni cal se€ontradms therbobhenthesad has ey deteibeéd nbv e afd cantrolngfithdhectifeahiead & of

change of the di ameter qQf the | | an an have a. nunmber of different
val ugs. S@cix}ﬁvpggémegn ﬁgcérogg:ah{pgontrotlleg tensponerw ich operates?ndependenﬂy

15  of'the position of the needle.

According to a fourth aspect of the present invention, there is provided apparatus for
stitching thread to the wall of a tubular medical implant, comprising a support for the
implant, a needle to drive a first thread through the wall and into the bore of the implant,
20  and a bobbin for carrying a second thread through an open end of the implant into said
bore in order to form a stitch in combination with the first thread, and means for tensioning
the first thread, wherein the means for tensioning operates independently of the mecﬂanism

for driving the needle.
25 A strain gauge may be provided in the path of the first thread, the second thread or both.

The stent-graft manufacturing machine requires a mechanism to hold the tubular stent-graft
while reinforcements are stitched to its surface. Stent-grafts can have cylindrical sections
and conical sections in them and along the length of an implant the rate of change of the

30  diameter of the implant can have a number of different values. Stent-grafts may also be
branched.



branched. WO 02/ 087471 PCT/ GB02/01970 8 In order that the surface of the
stent-graft is presented to the sewing head in a constant fashion, the
machi ne iwoorpgHat es a pair of attachnent neans which gri pCriGBoger™ - gr af t
at its either ends in a way that allows the graft to be tensioned al ong
its axis, to be translated along its axis and to be rotated about its
axis. Additionally, the graft and attachnment neans 5 can be rotated about a
poi nt or points on the surface of the ggaft so that the wall of the graft
being stitched is retained at a constant distance and/or angle fromthe

i h th
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i npl ant, Eshion] thie mepchine mctoema«aé a Phiir off pitacAmERt hedastwiish ga;dth% Rreaughfitdie wal |

andlntothe bore_of the | sing a needle, formng a loop of the
first thrHsg h%@@%’& aaw%%‘n?ﬂ ﬁ tg be &ensioaed loag s %ﬁsdﬂﬁﬁ tf&ﬂﬂ%tﬁ@n end

of the i H]Bh§ R§ akiSbAd &?Béjropﬂé@aboﬂﬁﬁ§ 56 ﬁﬁﬁiuﬁﬁzﬁgp thel %‘é@%ﬁd LPeAuely higs! oop

formed int first thread, closing sai oop I'n or forma stitch,
and wi& hdcmbmtatmabmbmpmnt opnistaiod thdxowface aHthe igradt sar thhicthe edll efrﬂxecgranﬂa nt,

t he needl and t he, bobhi n e di sposed so that th i tudi nal . axes
t her eof ﬁmﬁﬂ o]ﬁﬁ’%ﬁmﬁﬁl g0 %t%ﬁ@nﬁe@g{% apgle %ﬂ‘%&&ﬁ%ﬁﬁﬁlc' ently
(preferably entirely) before the second thread is passed through the | oop

formed in the first thread in order that the bobbin does not contact the
need| e. 260¢qrdmg;§@atﬁf@mm¢qt pf ﬁue@r@qen@avmt;dﬂlmns provisdefl gl thadigr novel

d need|
g L B T e S
opposit e fist threaZlEthﬂfughﬂﬁ: wall ﬁiﬁifmdame\bbtemmhé m@lait%@ﬁlggr@faale folthiaggesy e i s

partially wthdrawm. The shuttle is advanced untjil the tip of its nose
engages t?ngh? g&%%ﬁadsmwrga bobpipcaRing # sccond tseadsiheygh gn gpen endofies nt

implant into said bore, passing the second thread through the loop formed in the first

thread, closing said loop in order to form a stitch, and withdrawing the bobbin from said
bore.

15
In a preferred embodiment, the needle and the bobbin are disposed so that the longitudinal
axes thereof lie in a common plane, and the needle is withdrawn sufficiently (preferably
entirely) before the second thread is passed through the loop formed in the first thread in
order that the bobbin does not contact the needle.

20
In a particularly preferred embodiment the following novel sequence of movements of the

bobbin-carrier and needle are employed:

» The needle passes through the wall of the stent-graft and approaches the opposite wall
25 of the guide tube within the stent-graft.

e The needle is partially withdrawn.

o The shuttle is advanced until the tip of its nose engages the loop of suture.

¢ The shuttle can be stopped at this point.

¢ The needle is withdrawn further and can be pulled through the wall of the stent-graft.
30 e The shuttle is advanced through the loop of suture. If insufficient thread is present, the

shape of the nose of the shuttle will draw more needle thread through the wall of the



The needle is wthdrawn further and can be pulled through the wall of the
stent-graft. 30 The shuttle is advanced through the | oop of suture. If

i nsufficiwotozoémend is present, the shape of the nose of PChGRAOI4DEe W | |
draw nore needl e thread through the wall of the WO 02/087471 PCT/ GB02/ 01970
9 stent-graft and into the guide tube to permt the shuttle to pass
conpletely through the 1loop. In a sixth aspect of the present invention,
therefore, there is provided a nmethod far stitching 5 thread to the wall
of a tubul ar nedical inplant, conprising the steps of driving a first

thread thr OU&Qntt-Qth }(ﬁﬁ(ﬁeh}t@ﬂﬁ éut Subd'® ﬂ%%ﬁ ‘[ng;éc sgltuggebtg :igﬁés%}nrpll'&jﬂ %ﬁug’?&fé' e

formng a loop o I rst read, "novin carryin second

t hread t hroulpopt he I oop forned in the first thread, closing said loop in
order to forma stitch, wherein said loop is fornmed in the first thread by
begi nning to withdraw the needle, but wherein the end of the needle is 10

Wi t hdr awn 16 @RI Ayt Jft ! fefigt Hﬁr(ﬁﬁti&ﬂ kherdbicStnetd 18 pRdViddd £mBRsd fRIARAH S fi d

| oop. The advant age of is nethod i's that the sequential deploynent "o
t he bobbi thugaditorthe waHof dltebudaraiddecal ithplanty ceyapriding thatsteps of dritingke fiptace in a

trict ' t hods. (whi i hat .t h
noed o andBSh i sEHP R4 3nd fud bleHors & the FEOGR St Sickelel fitirers bRy be
cl anped whiid fifst thk@dsinbVielg ai®bbiai daftyfn@rageeord thidad Birokigh BE epormsed fitgé ent

tension tg unwi nd the second thread fromthe shuttle. The nmechani smdriving
t he need &ritdhrgpd glosigesaidigep msorde te foran a siiich.ovhareia spigdpaen isfomtedtinghe 20
needl e at ggébfhﬂe&c?ﬁ?ﬂ%giﬁxﬁag'td &%&g&}%ﬁé’hee‘af  blsvngad! e Lpdghendent. of the
bobbi n. nvent 1 gnal” sewrng nachi nés errpel oy a cam nmechani smwhich |inks

t he nd¥enmsvithdofwit doenplitelybirom tie hdbabnlgfafiehthe et Baseagaiyaid lospt hat the
novenents of each conponent be snmooth and continuous. As described in the
above sequence, the needl e and bobbin of the present invention are

control | alfhe slinisienReedant ntimads @anikR ﬁtiﬂ%ﬁl{gﬁgltenﬂ. o 9ot %giutgé ement. - 25

In a seventh aspect of the present invention, reils provid met hod
for stitchegslde enableadhe theeatl Hernvadiloh tofake plagh il arestmetidoalumenapitredavirivg a

strai ght ?u%?rtlca'tl?or}lsWwinrg:lﬁggu%}e%ﬂgtltﬁé Illéédpea:{n?ilblog{)in are adjacent simultaneously).
15
The first thread may be clamped whilst the stitch is being formed in order to create

sufficient tension to unwind the second thread from the shuttle.

The mechanism driving the needle is also novel and is able to control the position of the
20  needle at any instant to allow control of the needle independent of the bobbin.
Conventional sewing machines employ a cam mechanism which links the movement of the
bobbin to that of the needle and requires that the movements of each component be ;mooth
and continuous. As described in the above sequence, the needle and bobbin of the present
invention are controllable independently and continuous movement is not a requirement.
25
In a seventh aspect of the present invention, there is provided a method for stitching thread
to the wall of a tubular medical implant having a straight section with substantially parallel
walls and at least one tapered section with tapered walls, comprising the steps of driving a
first thread through the wall and into the bore of the implant using a needle, forming a loop
30  ofthe first thread, moving a bobbin carrying a second thread through an open end of the
implant into said bore and passing the second thread through the loop formed in the first

thread, closing said loop in order to form a stitch, and withdrawing the bobbin from said



wal | s and at | east one tapered section with tapered walls, conprising the
steps of driving a first thread through the wall and into the bore of the
i mpl ant usDng/osraneedl e, formng a | oop 30 of the first thPeadsBOWING a
bobbin carrying a second thread through an open end of the inplant into
said bore and passing the second thread through the loop fornmed in the
first thread, closing said loop in order to forma stitch, and w t hdraw ng
t he bobbin fromsaid WO 02/ 087471 PCT/ GRBp2/ 01970 10 bore, wherein the
inplant is tilted in order that the axis along which the bobbin travels is
substanti : : ' i : el . d. In
order to S ThEcR) Ehmplnt SFIPE ol M (0 okin o viich EpbRR T AL I
nunber of substantially paralleitotheredhmnwhibia el stitod) i§ esieauforsedan be added:
According to an eighth aspect of the present invention, there is provided a
met hod for attaching reinforcenent wire to the surface of a nedical

| mplant,  GOORE} 6l A tHeliacthRRfo a8 bRloThOb ik BE HRAFpI PR n b WL Glrd he
wre is to be attached, |ocating the wire proximte 1 salg position,

enpl oy} ngorrehdert@menichandlieg fentairesicas beladdesk t o sai d position, and enpl oying
said needle to make a stitch in the surface. The needle is preferably
positioned on the side of the wire opposite to the position at which the

wire is tacbadagtiaaheibht ispedtdeid Resht benttacder iQFﬁﬂQﬁe@% Reh¥ees the
pl ane of the_ 15 surface and the plane of the tangent of the wire parallel

to the pl altachipe remforeemend pare tadheenriace abe medisal isnphans, comprisingdhe sthpg of t
contacts 1 roves it . I it Led
substanti g%} y pgggﬁ |sjcizlﬁl}?ﬁaarSC V‘%}%C}f g%gffrlg gockzea%tg’wﬁ%qzieotcg?%t}l?%retélrz)e)%gllaﬁ The
met hotD st egid pediigort, leaployiyeanadlawdndrahaetdlctstiStoanidl poyitidn] ahdidagplsdagnd
cycle to 20.nove the wire closer tqQ the stitch forned in the first cycle,
t he threaﬁ?l‘bﬁ?éif%tgrﬁ?}@rastt‘lﬁél%t]i‘%sm *Bmthe first to the second stitch
thereby attaching the wire to the surface close to or at the said
position. The apparatus preferably conprises neans for determ ning the
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towards said position such that it contacts the wire and moves it closer to said position, and

moved substantially perpendicular to the surface to make a stitch therein.

The method steps are then repeated and the needle is employed in the second cycle to
20  move the wire closer to the stitch formed in the first cycle, the thread passing over the wire
from the first to the second stitch thereby attaching the wire to the surface close to or at the

said position.

The apparatus preferably comprises means for determining the level of the graft surface

25  and controlling the height of the needle relative to said level. This may simply be open
loop control software which references the graft surface, although means for sensing the
surface of the graft may be provided, with feedback software being provided to control the
height of the needle.

30  This allows precise positioning of the wire on the surface of, for example, the tubular graft,
the positioning step being incorporated into the sewing steps so result in an efficient and

speedy process. It also restores the wire to its true shape, avoids the need for sensing



hei ght of the needle. 30 This allows precise positioning of the wire on the
surface of, for exanple, the tubular graft, the positioning step being

i ncor por aWwed2/08m401 t he sewi ng steps so result in an effici ectwr/GBudo1wpeedy
process. It also restores the wire to its true shape, avoids the need for
sensing WD 02/ 087471 PCT/ GB02/01970 11 exactly where the wire is, and-
avoids the situation in which the needle strikes the wire and is danaged.
In a preferred enbodi nent, the nmethod intludes the step of deform ng the
wire in order to 5 attach wire in a pré-determ ned configuration to the

graft w t keadtlytdigers @RAvirO1s, Qﬁi’é\)@)@dsgﬁ@smfaﬁﬁﬂﬁgwﬁﬂﬁ ¥ £ dleeices B wire an

conflguratlon Accor di ng to a ninth aspect of the present invention, (%here
is providéd %i%%f&ﬂatus for attaching reinforcing (or other) filanment to a
tubul ar nedical inplant, conprising a support 10 for the inplant, a needle
to drive a first thread through the wall and into the bore of the inplant,

and a shutlt h prefaredcanisodimgniatieesanet inbfudasdht Bfe? g Hei%ﬁnﬁ%@ﬁe fad 1195rdtepﬁ>
said bore in order to forma sti in conbination wth the
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wherein t%@g@gg@{rg%@%&bﬂ{@ﬁﬁ% conprises a support (such as a table)

for the reinforcing filanment e support being noveable relative 15 to the
inplant to enable the reinforcing filanment to be positioned on the inplant

(preferab% r te %g or to attachnent to the inplant. In one
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15 to the implant to enable the reinforcing filament to be positioned on the implant (preferably

under tension) prior to attachment to the implant.

In one embodiment of a stent-graft, the wire reinforcing rings are formed from a
continuous piece of wire which is formed into a flat, zig-zag pattern. In order to apply the
20 wire to the stent-graft it is held on a moving tray which contains a belt feed mechanism.
The feeder pushes the wire zig-zag down the tray to correspond with the wire being,
attached along the length of the implant. The tray translates from side to side to allo;v the
wire to be fed around the circumference of the stent-graft. By means of this mechanism, a
stent-graft can be assembled automatically from the component parts of a graft tube and a

25  pre-formed wire reinforcement.

According to an tenth aspect of the present invention, there is provided apparatus for
shaping a length of reinforcing wire formed from a shape memory alloy prior to attachment
of the wite to a medical implant, comprising means for holding and dispensing the wire,

30  and means for laying the wire in the required pattern on the implant, wherein the apparatus
additionally comprises means for localised heating of the wire in order to fix the wire into

the required pattern prior to attachment to the implant.



shaping a length of reinforcing wire formed froma shape nmenory alloy prior
to attachnment of the wire to a nedical inplant, conprising neans for
hol di ng awo odiosp@ensi ng the wire, 30 and neans for |aying Phg/aGaoe197n t he
required pattern on the inplant, wherein the apparatus additionally
conprises neans for | ocalised heating of the wire in order to fix the-wire
into the required pattern prior to attachnment to the inplant. WO 02/ 087471
PCT/ GB02/ 01970 12 An inprovenment on the) above system which allows a w der
range of stent-grafts to be manufactured automatically includes a

mechani smto nake the appropriate bends in wire just prior toits
attachnent to the surface of the stent-graft. Such a nechani sm conprises a
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heat but thé insulating propertie required to be pass “an el ectric
current ttadowgif ctthatwie pEthe jBvSarthe v ér which uled prisssof\jdwcre pogtiapdlwidd to t he

surface of stent-grafts also require formng ..b do not require heat or
hi gh for Céegpetcgtoa BRI h o_%eéléeggé{’rlipa[ %aé’trge.a%ﬁhe‘gé%ﬁﬁs’élgﬁp ei%magcuwp ucture
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20 ln a e t ct e .nr.esent, .4 nvention, therefore,,there is
provi ded %tge\é r a‘{aufsE ﬁ&g}e ng% %%Jg]ﬁlslﬁtghe\%{e?uet tffeplpgﬁﬁtr‘%?ry‘?p lﬁ%lfeﬂgltré%‘)%g)a%leotot he
wal | of apdssbnkketrivatineal thiowgh @it wir€i r cunferential ly around the inplant and

l ongi tudinally along the inplant, conprising a support for the inplant, a
needle to drive a first thread through the wall and into the bore of

15 Some other structures which are applied to the surface of stent-grafts also require forming
but do not require heat or high forces to achieve the necessary ‘set’. An example of such a
structure is a radio-opaque marker which can be made of a metal with a high atomic
number or from a polymer which incorporates metals or salts with a similar atomic
number. One suitable metal is tantalum, which is highly malleable.

20
In a eleventh aspect of the present invention, therefore, there is provided apparatus for
attaching wire (preferably a marker wire) to the wall of a tubular medical implant
circumferentially around the implant and longitudinally along the implant, comprising a
support for the implant, a needle to drive a first thread through the wall and into the bore of

25  the implant, a bobbin for carrying a second thread through an open end of the implant into
said bore in order to form a stitch in combination with the first thread to attach the wire to
the implant wall, and a tube through which the wire is fed in order to be placed on the
implant in the correct position prior to attachment to the implant, wherein the said tube is
adapted to move from a first position in which it is perpendicular to the longitudinal axis of

30  the implant to a second position in which it is parallel to said axis, to facilitate positioning

of the wire on the implant. Preferably, the tube can be positioned to feed wire adjacent to



25 the inplant, a bobbin for carrying a second thread through an open end
of the inplant into said bore in order to forma stitch in conbination

wi th the Worgsuhr ead to attach the wire to the inplant warlGBoan®7a tube

t hrough which the wire is fed in order to be placed on the inplant in the
correct position prior to attachnent to the inplant, wherein the said tube
is adapted to nove froma first position in which it is perpendicular to
the | ongitudinal axis of 30 the inplantito a second position in which it is
parallel to said axis, to facilitate positioning of the wire on the

inplant. R . o} ' | to WO
021 087471 BOIREROD Py SubiR FERaIEe RS RGN CpinER Rty oL RS, ¢
of the neddlfeed sRidneine dovh edid tubgy be provided to feed said wire down said
tube. The nmachi ne descri bed advantageously incorporates a spool of tantal um
wire or simlar 5 filamentous material of appropriate radio-opacity and a
gui di ng orfel I tube is
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enbodi nent s _of the present invention will now be described with reference
to the acé’ﬂ%&?‘ﬁﬁ%g drawi ngs, in which: 20 Figure 1 is a schematic
depiction, in perspective, of apparatus in accordance with the invention;
Figure 2 is a side viewin partial cross-section of a shuttle in accordance
wi th t he iWiflembpromemerS5thEngohanisn ca bxmdaptzkd\td) exap wirpmﬁiriaﬁy abngsies toelytafon of

an alternative e od| nt of the shuttle ure in th e tube of
Figure 1: ?he stent-gr c{rlens can permit Ot?l esigns o relnflotgcement means to ge gttac ed or

15  for other patterns of filamentous structure to be attached to the surface of the implant.

A number of preferred embodiments of the present invention will now be described with

reference to the accompanying drawings, in which:-

20  Figure 1 is a schematic depiction, in perspective, of apparatus in accordance with the

invention;

Figure 2 is a side view in partial cross-section of a shuttle in accordance with the invention;

25  Figure 3 is an end view in partial cross-section of an alternative embodiment of the shuttle

of Figure 2 in the guide tube of Figure 1;

Figure 4A is a perspective view of an alternative embodiment of a shuttle in accordance
with the invention;

30

Figure 4B is a perspective view of a shuttle support in accordance with the invention; and



Figure 4A is a perspective view of an alternative enbodi nent of a shuttle
in accordance wth the invention; 30 Figure 4B is a perspective view of a
shuttl e swpmetws74in accordance with the invention; and WO @2rE8504/51970

PCT/ GB02/ 01970 14 Figure 4Cis a perspective view of the shuttle of Figure
4A seated in the shuttle support of Figure 4B. Figures 5A to 5D depict
schematically the operation of the apparatus in accordance with 5 the
invention to attach wire to the surfaceldf a graft. Turning to Figure 1,
sewi ng machine | conprises a base 2 having nounted thereon a sew arm 10,

shuttl e t uh@uredCand peispetiive #RheoFe sﬂtgtlg%ﬁfi%m% éi& s&?c{jen e sehblgﬁi s! Wg&% ﬁfr: Iogz h

(not shown) at either end of graft 5 wth shuttle tu assi

the | unen r1gfBft 5 and being supported at either end by shuttle tube
supports 25 which are al so nounted on base 2. Sew arm 10 i s nounted on
carriage 3 which is driven by carriage drive 4 in directions 15 parall el

and per pemiiueed B4 t¢ SDSBpict dcBetbdl9Ahd Gseraif &ﬁﬁéypﬁyat&rih%%r&é@t@ Giff
respectively) so that sew arm 10 can be positioned as required relative to
graft 3. HiingenHondo alsbrvisete the padaseof rezaft. 11 whi ch projects over the edge
of carriage 3 and which has needle 12 which can be driven up and down
relative to graft 5 (as indicated by 20 arrow C) and side to side

(so-cal | edutmeeth Bguekhkaving hyacheed| @nwibd £bsbeMRVIRIORMCALERE RYew! I oW
D). Needle h 8d 11 cogt ol s, the deploynment of the top thread (not shown),
whi ch  pad@RdOsshyifle ‘b&?nd(sﬁ?ﬁ”%bﬁ%%) to stitch maker 15 (controlled by
stitch maker notor 16), though the eye of needle 12 and then engages wth
top thread tensioner 14. 25 The wire which is used to formthe stent on the
sur f ate oforgt afis héld by alpairdf grips (ot steov)at citiet vhd bAGkA 530ith Whitithtubs20ir i ven

into position relative . to graft by .stent table drjve 31 in the direction
shown by B?SPB\%“E‘."“%‘IB@WBI? f’ﬁ%‘iaﬁ e“?gssuPB?%?drPéGld“?{ a8 by eshyHe el st bei ng
sewn to gE@hpbrtd 2bWHH fe Gldb dRuaedWiivale »S attached to sew arm 10. 30
Turning to Figures 2 and 3, shuttle 40 conprises a bobbin 41 for carrying

t he bottom
Sew arm 10 is mounted on carriage 3 which is driven by carriage drive 4 in directions

15 parallel and perpendicular to shuttle tube 20 (as indicated by arrows A and B respectively)

so that sew arm 10 can be positioned as required relative to graft 5.

Sew arm 10 comprises a needle head 11 which projects over the edge of carriage 3 and
which has needle 12 which can be driven up and down relative to graft 5 (as indicated by
20 arrow C) and side to side (so-called “needle wobble™) by needle wobble drive (as indicated
by arrow D). Needle head 11 controls the deployment of the top thread (not shown) which
passes from a spool (not shown) to stitch maker 15 (controlled by stitch maker mot01\r 16),

though the eye of needle 12 and then engages with top thread tensioner 14.

25  The wire which is used to form the stent on the surface of graft 5 is laid pre-formed on
stent table 30, which is driven into position relative to graft 5 by stent table drive 31 in the
direction shown by arrow E. The wire (not shown) is retained in position whilst being

sewn to graft 5 by wire guide 32 which is attached to sew arm 10.

30 Turning to Figures 2 and 3, shuttle 40 comprises a bobbin 41 for carrying the bottom
thread (not shown) and a bobbin carrier 44 for bobbin 41. Bobbin 41 is in the form of an

elongate spool with a narrowed central axis 42 around which the bottom thread can be



thread (not shown) and a bobbin carrier 44 for bobbin 41. Bobbin 41 is in
the formof an elongate spool wth a narrowed central axis 42 around which
t he bot t owptopigmd can be WO 02/ 087471 PCT/ GB02/ 01970 15 wourgBoawt7end
rollers 43 about which bobbin 41 can roll so that the thread can unw nd
fromaxis 42. Bobbin 41 sits |loosely in the central cavity of bobbin -
carrier 44 to enable thread to be unspooled easily frombobbin 41. 5
Bobbin carrier 44 is elongate in shape ahd has asymetric nose 45 which is
di splaced laterally fromthe |ongitudinal axis of bobbin carrier 44 so as
t o engage tAar 'St Wi | of
bobbi n caﬁ%iu{ééri)glgha% Itﬁg'?r Sﬁg’raﬁ’%gﬁ vé’l?l?}rl]}:q%ﬂﬂ#lrrl g%“%‘ggt’gfii’ggg tﬁ%’éh?%grcgﬁﬁg?ﬂg%p and
bot t om walfios aosHibcBelbiby 1 ait§ loately imthe wettal 46vignet babbinroasrtkr 4 de enubid
opposite 1.0 side wall 46. This shape.mrrors the shape of the internal
cavity of hgﬁ%fttf’ﬁ’guflﬂwgl%eaﬁﬁ'%%‘moﬁg’tn uttle 40 can be seated |oosely in
shuttle tube 20 with flat side wall 46 substantially parallel to flat side
wal | 22 of shuttle tube 20. In this manner, shuttle 40 can be noved

| ongi tudi Babbip chiek 44 irdelpregathinsbaprpensithas asanmelie n2e: Swhich ipdisplesaded from
rotating | i iLnal i s because side wall 46.is l.onger than
the ot T olSHENY, flbing AU FHoRRRTERYE 34 SET o Hene Sioep ef Bt 50,
15 I't wi | hs Wil bwodesdribddctieldw.gUheBody EdbBintRRie W4 gthagpdrt Histhdt Foheidse 45)
enbodi ments, in ihat the external profile _of bobbin carrier 44 differs

somewhat . D3SdRERsH torrand botiarywalls coungetes hyes B sideawrll 4hrapsha eurved side walll 46
rewnat. | . T 1
2che b COlRERRtud Rapie Sl SRR Sip Af A4 ABAAIAIR TN Ll e

t ube 20. ure epi ct's s tube
needl B) 122(ae slexd sluttle AQ cadbe sentadi loosehr inchsisle (ubestorwitie datsidowdl] 46-i gure 4A

depi ct | t ti di. t hut t 50 i Si baobbhin 41 with
e e BT ROt 3 PG R i s 51
carrier 5ge ﬁ’f@‘vé‘d‘loh@itucfiﬂe[l{?&& YRS kR ell@ﬁ% éflgftlegﬂélk%.ﬁé b’uttiQFRQ%EJ'ﬁE;ﬁlrl%{aﬁlg44

descri bed above excCept that the nose 5 Incarrier 51 1s
symmet ri cahout Hs ongiedinglowris heqause sideivedll 46pis dorgectan Hiematignaltisternal diameter

of the curved section of shuttle tube 20.

15
It will be noted that Figures 2 and 3 depict slightly different embodiments, in that the
external profile of bobbin carrier 44 differs somewhat. However, the function is unaltered,
and in particular wall 46 acts in both cases to prevent bobbin carrier 44 from rotating in
shuttle tube 20.

20

Figure 3 also depicts slot 21 in shuttle tube 20, through which needle 12 passes during the

sewing process (described below).

Figure 4A depicts an alternative embodiment of a shuttle 50 comprising bobbin 41 with

25  central axis 42 and end rollers 43 as described above, and bobbin carrier 51 which is
formed substantially similarly to bobbin carrier 44 described above except that the nose 52
of bobbin carrier 51 is symmetrical in shape about the vertical plane containing its

longitudinal axis.

30  Figure 4C shows shuttle 50 seated in recess 54 of shuttle rod 53, which is shown on its
own in Figure 4B. Shuttle rod 53 also has slit 55 therein, disposed in a vertical plane

containing its longitudinal axis.



| ongi tudi nal axis. 30 Figure 4C shows shuttle 50 seated in recess 54 of
shuttle rod 53, which is shown on its own in Figure 4B. Shuttle rod 53

al so has wbioe/0887t herei n, disposed in a vertical plane cecraBwROYTtS

| ongi tudi nal axis. WD 02/087471 PCT/ GB02/01970 16 Returning to Figure 1,
shuttle drive notor 26 operates to drive shuttle drive arns 23 into and
out of either end of shuttle tube 20 in the direction of arrow F so as to
nove shuttle 40 backwards and forwardsigl ong shuttle tube 20. 5 Shuttle

t hread tensioner 24 operates to tension the bottomthread on bobbin 41 by
increasing the pressure on a |eaf spring 47 so as to trap the bottomthread
under |l eaf spring 47, thereby enabling tension to be applied. 10 The

posi tion d{etgmﬁfgttoﬁigwb & shuitlet dvive mudtdbt 26 dpebate2d drive shettladjius otk 2Byinteeans  of

raft bed ei ht . ves, graft. be which graft 5 rests)
gp and dovif? ?%ﬁ‘?‘g‘@r ‘f“‘Bi Ofsgﬁ\m]lﬁ t'gjet t dl(‘?cﬂo’tlﬁgala‘?‘g’%cﬁolaéﬁo H‘PVQFIF‘EW’@ and

from side &g{@ﬁﬁgaﬂﬁf&@hﬁg aioggtsﬂlgﬂggﬂglzbudl nal axis of shuttle tube 20 (in
t he dlrectlon of arrow H). If it I's necessary to tilt graft 5 (for

exanpl & when sewi ng on the surface of a tapered posi t| on) then this can be

d b ft.tilt, d d of
arart 5 1 b Yonep Bbishercda s ettt bREE Budpfon GREA BB oLt 1 <
| ongi t udi fidreasing the piasiirb 6n dila@ iU Do Arth v e Wtohpﬂqeéau%dé}ﬁeéfl‘sgnﬁg aft

grip at either end. 20 The operation of sewing machine 1 will now

descri bed%?hﬁfeWﬁé%@W@éeﬁS@mP@GlﬂéBh@ to 3. Gaft 5is placed over shuttle
tube 20 by di sengagi ng shuttle tube 20 fromshuttle tube support 25 and
passing graft 5 over shuttle tube 20 so that shuttle tube 20 passes through
t he | Wbren The pgsitibh oBgraﬁl’ﬁEreg’ltiaéto gruttpestuba 20 catimmljusisdbt eamsep gt Rd t o

ith nd raft r af 0s oned correctl th
?2233& e![%‘ %@E@? %1 OR§s %@%?Sﬁg ngw Cg@% ' I“PI@P%H?W@F? W%O\z;mnd
graft til gk ¥dedo (ﬁp&@hs@al&lfofaﬁgwgﬁ@q?&ﬁ sldeSo Laggwaﬁgﬂt%{ axis takes

pl ace to ensure that the surface o to whic support wire is to
be sewn i dongitadinalaxipeoshutiledws2d (io metrhmetldn of arrow H).

15 Ifitis necessary to tilt graft 5 (for example when sewing on the surface of a tapered
position) then this can be done by means of graft tilt drive 8, which raises and lowers one
end of graft 5 in the direction shown by arrow I. Graft 5 is rotated about its longitudinal

axis (in the direction of arrow J) by rotation of the graft grip at either end.
20 The operation of sewing machine 1 will now be described with reference to Figures 1 to 3.

Graft 5 is placed over shuttle tube 20 by disengaging shuttle tube 20 from shuttle tul;e
support 25 and passing graft 5 over shuttle tube 20 so that shuttle tube 20 passes through
the lumen of graft 5. The graft grips (not shown) are then operated to engage either end of
25 graft 5 and graft 5 is positioned correctly with respect to needle head 11 by operation of
graft bed height drive 6 and graft tilt drive 8. Rotation of graft 5 about its longitudinal axis
takes place to ensure that the surface of graft 5 to which a support wire is to be sewn is

facing upwards away from base 2.

30  The support wire for forming the stent on graft 5 is pre-formed on stent table 30, which is

positioned over the surface of graft 5 by operating stent table drive 31. The support wire is



30 The support wire for formng the stent on graft 5 is pre-fornmed on stent
table 30, which is positioned over the surface of graft 5 by operating
stent tabwe odwosmel 31. The support wire is WO 02/ 087471 PCPCERORL201970 17
held in place over graft 5 by wire guide 32 on sew arm 10, which is in turn
driven into place over graft 5 by operation of carriage drive 4 to drive
carriage 3. The above process |l ocates the support wire approximtely into
position with respect to 5 graft 5. The jgupport wire nmay be accurately
positioned by operating needle wobble drive as will be described bel ow
with refer l 3 I L I . he .1 op thread
61, is fi rfgétmgl 1?%%\%5%1% g %&@8@&8?@?’ S\%w:aémfil\tl)d? gf?]lg: hq? F}I{(’afrlfgf %ﬁ\lx‘}e}r%é%t%( arrow
C) to be jpiste aleogmft ey sperdtiosofahrrippafitivd4 tdNdeedl @rdizeeix t hen noved 10

si deways (arrow D) by needl e wobble drive to push wire 60 close to the
previous stitch. Needle 12 is then driven downwardly through the wall of
graft 5 atp ok e ] 1 2 i erced
The wal | oF oyt e e e R PR e o B b <
that tRe egrditdf Thesupporiwire maybsiacéwaiely posiimnddby bperatg mdedkivehbblvadrivedi st al

fromslot _21.  Negedl is then partially w rawn so that the friction
bet ween thaésngg)etcﬁf’cé@&&éﬁfgwWﬂﬁrﬁemeotpPjéggﬁﬁg‘gg%glﬁges the creation of a
|l oop in the top thread within shuttle tube 20. Shuttle drive notor 26 now
operates on shuttle drive arm23 to drive shuttle 40 down 20 shuttle tube

20 into t Hieadlgdh whichygazies the (aptthread ¢ haie first posiieredalosefto butpoitrwiceed( anst 44

in front. t i he .l t hr ead,, nose
45 engag esthéﬁlé)%r%io%ﬁcﬁgg)& é 3 gﬂ%ﬁ?{ﬁogge{éé;gﬁ%?? Io}(":gr 6 355? &lﬁ %eﬁIen%qg fheH&OeVCQS

t owar d$ f |sidevaiysGrsuat D) 8% neddibwbbbla deias td Rish wif 60Td1esco thiopretibagatich. whi ch
i's wound %{IO%E%I] central.axis 42 of hobbin 41, trails behind shuttle 40. 25
Once shut (NgdoligLh §B dovRwardby freyehithe,wall o€ gralt I & pepiieRéaclosgthal t ed
and needl gy}lehS W thdrawn conpletely fromthe wall of graft 5, |eaving
behind a |oop of the top thread. Shuttle 40 is then advanced so that it
passes conpletely through the |loop of top thread and energes on the other
si de.

Once needle 12 has fully pierced the wall of graft 5 it passes through slot 21 in shuttle tube

15 20 so that the end of needle 12 is positioned towards the end of side wall distal from slot
21. Needle 12 is then partially withdrawn so that the friction between the top thread and
the wall of graft 5 causes the creation of a loop in the top thread within shuttle tube 20.

Shuttle drive motor 26 now operates on shuttle drive arm 23 to drive shuttle 40 down

20 shuttle tube 20 into the lumen of graft 5 with asymmetric nose 45 of bobbin carrier 44 in
front. As shuttle 40 is advanced towards the loop of top thread, nose 45 engages the{ loop,
aided by the asymmetric positioning of nose 45 towards flat side wall 46 of bobbin c;1rrier
44. The bottom thread, which is wound around central axis 42 of bobbin 41, trails behind

shuttle 40.

25
Once shuttle 40 has engaged the loop of top thread its movement is halted and needle 12 is
withdrawn completely from the wall of graft 5, leaving behind a loop of the top thread.
Shuttle 40 is then advanced so that it passes completely through the loop of top thread and
emerges on the other side.

30

A stitch is now formed by passing the bottom thread over the top thread. This is achieved

by the combined action of top thread tensioner 14 and stitch maker 15 which is driven by



30 A stitch is now fornmed by passing the bottomthread over the top thread.
This is achieved by the conbined action of top thread tensioner 14 and
stitch nmewero2a&4mhi ch is driven by WO 02/ 087471 PCT/ GB02/ @C3/B02A®78t it ch
maker notor 16 upwardly away fromgraft 5 thereby closing the loop in the
top thread. At the sane tinme, top thread tensioner 14 acts to tension the
top thread so that the stitch nmaker 15 can pull against this tension to
create the stitch. Simlarly, shuttle thgead tensioner 24 urges |eaf
spring ‘47 on shuttle 40 so-as to trap the bottomthread to prevent it 5
from unspaq

i ng..f r om bobhi o.Once the stitch is, f . shuttle dri
e 23 o sl B P R e loed s b Pat e B onf Mkt Fuen o

graft 5 tqhreBkeAr Hierhhe tine e thredd tdnSiodlér MPackO@iténsidi tBe Bpithtead safteht fiRr m
t he next |QOE. Thelglacenent,of t he second stitch can be chosen so as to

form a st istitch neaker 13 oan prdl agasbibis igpsien to greate Bip stifhy Snfgrly.sshuigledhraad 5.
This can i f | | ]

needl o 12 s ael £ ikeplealBRRE @ ol G0 AR, ol letBund GRALT pRGAR,
t he sufpporftoowinspoaliig fomftiobbin 44s t he support wire is sewn to graft 5, the
position of graft 5 with respect to sewarm10 is 15 continually adjusted
by means of the graft grips, graft bed height drive 6 and graft tilt drive

8. In an @dcermakiittis sondl SRo didltitk 330 ihSeri® BYeTe 5@3@@@%9&‘@%&1&&“'6

40. Thread is wound onto bobbin 41 which is fitted i nto in carrier 51,
and bobbi wutelthe Bim&iofiga? § te sakebommforacedis 1B %o dmvesdgaint in® grafl 55@dderms hown
in Figure_ A4C. ut t rod 53 is..then v back.and forth_.in t sane
manner  de S8 O_thr\f)g p?a(g?mg?{[t??lﬂfeeseﬁﬂqu)ﬁﬁghm CSPRRNSOFE to forfyy ﬁ‘g‘ qwr
passesot hiiguappst WircSfhefbd stiftmglitlor @sfk 5. ThisHahb¥ abllefdtP Red@@PnesdMit t1 €
rod 53 then advances further to engage nose 52 in said l'oop. Stitches are

t her eaf t eopblefsiyeild opprating apmeedly 1480 avioashieys fing poritiering piendedled@twigh has
been defi ped.iif, {h%rsﬁB &{W?’Q%XE{]&§ hread to a tubul ar medical inplant,
%ra , a stent

whi ch can conprise a nt, a graft-stent, a graft fixation
devi ce,

As the support wire is sewn to graft 5, the position of graft 5 with respect to sew arm 10 is
15 continually adjusted by means of the graft grips, graft bed height drive 6 and graft tilt drive
8.

In an alternative embodiment, shuttle 50 is employed instead of shuttle 40. Thread is
wound onto bobbin 41 which is fitted into bobbin carrier 51, and bobbin carrier 51 is

20  seated in recess 54 in shuttle rod 53 as shown in Figure 4C. Shuttle rod 53 is then moved
back and forth in the same manner described above for shuttle 40 in shuttle tube 20.,
Needle 12 passes through slit 55 and then retracts slightly to form a loop. Shuttle ro& 53
then advances further to engage nose 52 in said loop. Stitches are thereafter formed in the
same way as above.

25
Although the invention has been defined in terms of applying thread to a tubular medical
implant, which can comprise a graft, a stent, a graft-stent, a graft fixation device,
ophthalmic orbital reinforcement devices, annuli for heart valve supports, vein implants,
vein valve supports or any other tubular medical form, it will be appreciated that the

30  method and apparatus of the invention can equally be employed to stitch thread to the

surface of any tubular form.



ophthal mc orbital reinforcenent devices, annuli for heart val ve supports,
vein inplants, vein valve supports or any other tubular nedical form it
will be appreosared that the 30 nmet hod and apparatus of tIR€TIGBoR01970N can
equal ly be enployed to stitch thread to the surface of any tubular form
WO 02/087471 PCT/ GB02/01970 19 It will be appreciated that the parts of
appar atus herein described may be operated in order to achieve further

obj ectives not specifically described. Ror exanple, the apparatus nay be
used to formthree dinensional textile structures such as artificial tissue
structure . . S h . 21087471 PCT/.GB024 01970
20 LA ne Tl k% AR o AR bbb TR SRR AR RIS ot
medi cal i niplaghieve fucihePobjstthgs hbisspstifipslydes&rittat oretinile itheaasdtid @By Bé
which the wire iis to be attached, . locating the wire proximte said

posi tion, BHpEGprRghiee dapensionpbicxilesirparagspch %ﬂ%%ﬁ?laﬁéﬁsg%ﬁﬂmb’é%ﬁ 9% on, and
enpl oyi ng s%@%tﬁtéﬁ@%@}&rpth%m a stitch in the surface. 10 2. A nethod as
claimed in claim1, erein tﬁe needl e i s provided on a nechani sed sew ng
machine. 3. A nethod as clained in claim1 or 2, wherein the needle is
positioned on the side of the wire opposite to the position at which the
wreis to be 15 attached with the tip of the needl e di sposed between the
pl ane of the surface and the plane of the tangent of the wire parallel to
t he plane of the surface, noved towards said position such that it contacts
the wire and noves it closer to said position, and noved substantially
perpendi cular to the surface to make a stitch therein. 20



4. A nmethod as clained in any preceding claim wherein the nethod steps are
repeated and wherein the needle is enployed in the second cycle to nove the
wire cl oswooros74the stitch formed in the first cycle, thePChrGEdopassi ng
over the wire fromthe first to the second stitch thereby attaching the
wire to the surface close to or at the said position. 25 5. A nethod as
claimed in any preceding claim wherein the inplant is a tubular graft. 6.
Apparatus for attaching reinforcenent wppe to the surface of a nedica
inplant, conprising 30 a support for the inplant, a needle to drive a
first threadyfggough the surface, WO 02/087471 PCT/ GB02/01970 21 a bobbin
for carryimg a second thread to nake a stitch in conbination with the first
thread, and neans for locating the wire proxinate to the position at which
the wire is toﬁg att ched to the surface, 5 wherein the needle is

moveabl e per pe aﬁ&&cwgaﬁm@m%w Haregp Airesupiace plex mpdiptlamplasiir f ace,

V\herebyttyg as gy enpl oyed to nove the wire closer to said
position bef %Elﬁé: gpa stitch. 7. Apparatus as clainmed in claim§6,

addi tibénally cahpmmsumgﬂmmamsoﬁatwﬁmhéMﬂwmengobéaﬂmhedlevel of the graft
II|n t he hei ght 8f t.he needle relative to said |evel.

surface and cog %$
8. Apparatus a lﬁgﬂﬁe FRPORERHE 8216 PO O%her ei n t he needl e and the bobbin

are disposed sm ﬁh&xﬁ@ﬂﬁh&ﬂﬂh@%he%%ﬁérkhﬁﬁﬁ&;ﬁoh@mtn a common pl ane.
15 9. Apparatus or |tch thread to the wal t ul ar medi ca

i mpl ant , conprﬁgﬂﬁ@ﬂm%ﬁﬁ®p q tofrpaketastitdhipltiensurfage.needl e to drive a first
thread through the wall and into the bore of the inplant, and a bobbin for
carrying a second thread through an open end of the inplant into said bore

in order 2o formnetietiatchirhéd UMiNBWHRRiMHehebMNE isfl.:)rbﬁﬁe& Bh 8achchafisegher ei n

the needl e and the bobbin are disposed so that the 1ongitudinal axes
t her eof  Sewingmachine.

3. A method as claimed in claim 1 or 2, wherein the needle is
positioned on the side of the wire opposite to the position at which the wire is to be
15 attached with the tip of the needle disposed between the plane of the surface and the plane -
of the tangent of the wire parallel to the plane of the surface,
moved towards said position such that it contacts the wire and moves it closer to
said position, and
moved substantially perpendicular to the surface to make a stitch therein.
20
4. A method as claimed in any preceding claim, wherein the method steps are .
repeated and wherein the needle is employed in the second cycle to move the wire closer to
the stitch formed in the first cycle, the thread passing over the wire from the first to the
second stitch thereby attaching the wire to the surface close to or at the said position.

25

5. A method as claimed in any preceding claim, wherein the implant is a tubular graft.

6. Apparatus for attaching reinforcement wire to the surface of a medical imp]ant,
comprising
30 a support for the implant,
aneedle to drive a first thread through the surface,



lie in a common plane. 10. Apparatus as clainmed in claim9, wherein an

el ongat e bobbin support is provided to support the bobbin inside the bore
of the irmubanws7426 11. Apparatus as clainmed in claim9 or PCO/GBR®OIEIN t he
bobbi n support is a rod having a recess in which the bobbin can be seat ed.
12. Apparatus as clained in claim9 or 10, wherein the bobbin support -is a
runner in 30 which the bobbin is free to nove into and out of said bore.
WO 02/ 087471 PCT/ GB02/ 01970 22 13. Apparatus as clainmed in claim12, in
which the runner i's in the formof ,a tube with a slot provided therein to
al l ow the needl| . ' ugh t 14.. r.at as
clainmed in anyaofgg§§?ﬁ%£ébé%giggg?ﬂﬂedﬁé%1 13s§§%§#§5%$%éu?ﬁﬂgﬁg Uﬁ%fe.
15. Appar dliresd,asdcl ai med in claim14, wherein the shuttle is an el ongate
element with a_ D-shaped crgss section for_at |least part of its |length. 16.
Appar atus as clRfReHPT ‘?Patalﬁ%%?fw%? Bioimae agthe positierypt Wik eV Esife P&i ng
means for giud@eli €gleHm&G. the first thread, wherein the nmeans for tensioning
operates independently of the nechanismfor driving the needle. 17. A

met hod>f or st i tdiefaiythemeedld it movéablogmipendicutar pubparalelrte dieqaine afithant |

conprisin the steps ,of .15 drivin first thread throu the wal,l and
into the lgntosrurﬁaﬁg ‘Yl}?fﬁbéﬁpe B%qdh]eg&g%er’?@é) ¥4 t¢ Bioe :qbe \gn?g]@ﬁerg? sgifle first
thread, npydifign BefbRREAnEakihNg @ second thread through an open end of the
inplant into said bore, 20 passing the second thread through the | oop

formed in the first thread, closing said loop in order to forma stitch

and w t hdpaw n%pbgleahﬁ%g laia[ﬂng& 81@1:?13{ éj, aﬁgi"’[ignally comprising means for determining

10 the level of the graft surface and controlling the height of the needle relative to said level.

A

5

8. Apparatus as claimed in claim 6 or 7, wherein the needle and the bobbin are

disposed so that the longitudinal axes thereof lie in a common plane.

15 9. Apparatus for stitching thread to the wall of a tubular medical implant, comprising
a support for the implant,
aneedle to drive a first thread through the wall and into the bore of the implant, and
a bobbin for carrying a second thread through an open end of the implant into said
bore in order to form a stitch in combination with the first thread,
20 wherein the needle and the bobbin are disposed so that the longitudinal axes thereof

lie in a common plane.

10.  Apparatus as claimed in claim 9, wherein an elongate bobbin support is provided to
support the bobbin inside the bore of the implant.

25
11.  Apparatus as claimed in claim 9 or 10, wherein the bobbin support is a rod having a

recess in which the bobbin can be seated.

12. Apparatus as claimed in claim 9 or 10, wherein the bobbin support is a runner in

30  which the bobbin is free to move into and out of said bore.



wherein the bobbin and the needl e are di sposed so that the |ongitudinal
axes thereof Ilie in a common plane, and wherein the needle is w thdrawn
suf fici erwby2bgfiore t he second 25 thread is passed throu@bTgsod/olgop so

t hat the bobbin and the needle do not nake contact. 18. A nethod as cl ai ned
in claim17, wherein said loop is forned in the first thread by beginning
to withdraw the needle, but wherein the end of the needle is wthdrawn
conpletely fromthe bore only after the huttle has engaged said | oop. 30
19. A nethod for attaching reinforcement wire to the wall of a tubular

medi cal i ant | S t: S; - j.t1oni ng. t g Xi mat e
the i ntendga at Bpfadbst ShRed NG 3P st bR B Bl 3PS 6 AL G 2
first threadot providgh tHehsn vedllovathd nicadle atdess foche bobbih kieoughthasibt.usi ng a
needle, formng a |loop of the first thread, noving a bobbin along the

| ongi tudi nal axis of the graft in order to carry a second thread through
the |oop for medapphrhii€ad d1idled iR bRAGE cIGhRS 1301 35 8 Fhich PPodUBIPS rma
first stitch, w ft)I‘ﬂa(]jrr avviang 1t hee 1nelg%ll ec fromt he’?inprught , n%b@frﬁ%g%%gggmﬁgedl e
to a pdsition on the side of the wire opposite to the first stitch and

R i e T R T At TP L R L S
wire is tmhRapkiiRcReastiohdor Aaasi pt biies ha®, Proxi mate said position,

enploying a needle to nove the wire closer to said position, and enploying
said needle to make a stitch in the surface. 21. A method as clained in

claim19 of: 20, i . f. J: e are.carried out 15 upder the
cont rol 01(‘)l 6é1 fi‘?l ?‘Ibtg%gsr%lr‘%“%a 15%5?%?%1%?&02?,% @%1%@yicﬂmgpﬁlflﬁfrﬁ?§n% °T20,
wher eill t hensimtitithedirstiibread, evlicpdie dieatlcdns fof tehigibhihy opérafes MRBpéndeRiHEf the O
forma plurality otj titches in the graft. 20 23. A nethod as clained in

cl ai m 22, TgrbpeER fprdivig negdlg- position of said plurality of stitches is
controll ed by neans of a second programme. 24. A nmethod as clained in claim
23 wherein the second programe can control the

17. A method for stitching thread to the wall of a tubular medical implant, comprising

the steps of
15 driving a first thread through the wall and into the bore of the implant using a
needle,
forming a loop of the first thread,
moving a bobbin carrying a second thread through an open end of the implant into
said bore,
20 passing the second thread through the loop formed in the first thread,
closing said loop in order to form a stitch, and
withdrawing the bobbin from said bore,
wherein the bobbin and the needle are disposed so that the longitudinal axes thereof
lie in a common plane, and wherein the needle is withdrawn sufficiently before the second

25  thread is passed through said loop so that the bobbin and the needle do not make contact.

18. A method as claimed in claim 17, wherein said loop is formed in the first thread by
beginning to withdraw the needle, but wherein the end of the needle is withdrawn
completely from the bore only after the shuttle has engaged said loop.

30
19. A method for attaching reinforcement wire to the wall of a tubular medical implant,

comprising the steps of positioning the wire proximate the intended attachment point,



first.

25 25. A nethod as clained in any of clains 21, 23 or 24 wherein the

first and second programes are in the formof conputer software. 26. A
met hod aswoloaiosmdi i n any of clainms 19 to 25, wherein the megdiB2ios97enpl oyed
to 30 deformthe wire into a required configuration. 27. A nmethod as
claimed in claim26 wherein said configuration is a zig-zag.
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20
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30

23

driving a first thread through the wall and into the bore of the implant using a needle,
forming a loop of the first thread, moving a bobbin along the longitudinal axis of the graft
in order to carry a second thread through the loop formed in the first thread, closing said
loop in order to form a first stitch, withdrawing the needle from the implant, moving the
needle to a position on the side of the wire opposite to the first stitch and forming a second

stitch as before.

20. A method as claimed in claim 19, additionally comprising the steps of
determining the position at which the wire is to be attached,
locating the wire proximate said position,
employing a needle to move the wire closer to said position, and

employing said needle to make a stitch in the surface.

21. A method as claimed in claim 19 or 20, wherein all of the said steps are carried out

under the control of a first programme.

22. A method as claimed in claim 19 or 20, wherein the method steps are repeated a

plurality of times in order to form a plurality of stitches in the graft.

23. A method as claimed in claim 22, wherein the number and position of said plurality

of stitches is controlled by means of a second programme.

24. A method as claimed in claim 23 wherein the second programme can control the

first,

25. A method as claimed in any of claims 21, 23 or 24 wherein the first and second

programmes are in the form of computer software.

26. A method as claimed in any of claims 19 to 25, wherein the needle is employed to

deform the wire into a required configuration.

27. A method as claimed in claim 26 wherein said configuration is a zig-zag.



