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projections has been the use of spikes that are bent during the anastomosis procedure. A bent
spike requires a non-trivial bending radius, to prevent spike failure, especially if the spike is
20  elastic, super elastic or shape-memory based. It is noted that elastic, super-elastic and shape-
memory bending mechanisms are limited with respect to the amount of elongation that the
mechanism can faithfully retain. With plastic deformations, the bending is limited by the
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25  considerations.

US patent 5,234,447 to Kaster, the disclosure of which is incorporated herein by
reference, describes a plastically deformed anastomosis device for a side to end anastomosis
between a side vessel and an everted graft. The device comprises a solid ring having a plurality
of forward spikes and a plurality of backwards spikes extending axially from the ring. Forward

30  spikes exit through the tip of the everted graft and typically engage the target side vessel from
inside. Backward spikes do not need to pierce the graft and engage the target vessel from its

outside.
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1 CONFI RVATI ON COPT WD 00/ 56228 PCT/ 1B00/ 00310 SUWMARY OF THE | NVENTI ON
An aspect of sorre preferred enbodi nents of the invention relates to
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20  extended connector may be provided.

In a preferred embodiment of the invention, at least some of the pivot bars are not
straight, optionally allowing for greater force application at some bending positions of the
pivot bars.

In one preferred embodiment of the invention, a spike (mounted on a pivot bar) is cut

25  out of the material from which an opposing spike is formed.

In a preferred embodiment of the invention, a connector comprises a ring with a
plurality of radially displaced spikes on pivot bars. Preferably, the pivot bar heights are
staggered and/or the pivot bars are angled, allowing a better radial compression of the
connector, during insertion of the connector into the side vessel.

30 An aspect of some preferred embodiments of the invention relates to an anastomosis
connector for a side to end anastomosis, in which at least some of the backward (or forward)
spikes do not penetrate the “side” vessel. Rather, the spikes press against the vessels and
prevent the “end” vessel from advancing too far (or retracting) into the side vessel. Preferably,

these pressing spikes are mounted on pivot bars, to allow a large force to be applied, without
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the spi kg B/RSsx agai nst the vessels and prevent the "engeruasibid rom
advancing too far (or retracting) into the side vessel. Preferably, these
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eversion.”~ Preferabl degree
the forceps like dev1ces can be operated in tandem, to grasp the ends of the graft, evert it and

then pull the everted part back over the rest of the graft. Preferably, the different forceps pull
the graft back different amounts, forming an uneven eversion.
An aspect of some preferred embodiments of the invention relates to performing an

25  oblique eversion. In a preferred embodiment of the invention, it is noted that an obliquely
everted graft, especially a vein, tends to form an oblique anastomosis connection and the graft
tends to bend back to relieve the strain caused by the oblique eversion. Preferably, the degree
of obliqueness is selected responsive to an expected bending of the graft after the anastomosis
is completed.

30 An aspect of some preferred embodiments of the invention relates to a method of
forming an oblique-connection anastomosis device. In a preferred embodiment of the
invention, a perpendicular-connection anastomosis device is formed and then bent out of
shape, to provide an oblique device. The bent device is preferably heat treated to train it to its

new geometry.



of obliqueness is selected responsive to an expected bending of the graft
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enbodi mery§ oPkehdre i nvention relates to a nethod of  for m wgr/@doenesio
obl i que- connecti on anastonosis device. In a preferred enbodi nent of the
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operation, the tip.is i nsert ed side of a blood vessel until the
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connected. to . a handle %nd a second one connected to a weak spring and a
scal e. Thi PATERPYiCeNABGH NS B3 ¢HE™ two bars. Wen the handle is pul | ed,

the npjion of Aheshdet 8F sHRE prFerbRUBhBSikentd RE 1aeaRBstidarelNdsao a device for
measuring and preferably pre-stretching a graft before an anastomosis procedure. In a
preferred embodiment of the invention, the device comprises two bars, a first one connected to
a handle and a second one connected to a weak spring and a scale. The graft is mounted on the
two bars. When the handle is pulled, the motion of the first bar is coupled to the second bar via
25  the graft. The motion of the second bar is limited by the spring. The scale shows the relative
distance between the two bars, allowing a suitable anastomosis connector to be selected.
Further pulling on the handle can be used to pre-stretch the vein in preparation for eversion
and/or mounting of the anastomosis connector on it.
There is thus provided in accordance with a preferred embodiment of the invention, an
30  anastomosis connector, comprising:
a plurality of ring segments, together defining a radially expandable ring-like shape
having a lumen;
at least one pivot bar coupled to at least one of said ring segments; and
at least one spike mounted on said pivot bar and rotatable around said pivot bar,
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25 the graft. The notion of the second bar is limted by the spring. The
scal e shows the relative distance between the two bars, allow ng a

sui t abl e yahaet@pPsi S connector to be selected. Further pudidoeiis he
handl e can be used to pre-stretch the vein in preparation for eversion
and/ or mounting of the anastonpbsis connector on it. There is thus provided
in accordance with a preferred enbodi nent of the invention, an 30
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WO 00/ 56228 PCT/1B00/ 00310 where radial deformation of "'said ring-Iike
shape doel§anigto BueSraesn tiherelspiddit deast 9ng spfkeds mogatied o i flcet angtodtsiidpanot bars
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is nmounted.pon a.first o of. said.pivot bars. 5 and said first .pivot. bar is
rounteq. ofiq A B ERPe DR s B PRY ke s ROOUT AR 50 oHE SPRYBRL ] on,
said at |gapd one spike is pointed towards said ring-1like shape.
Alternatively, said at |east one spike is pointed anay fromsaid ring-1like
shape. In a prigfreisacdapberimeritofghe inyantiany end mblsast aF @pike comprtes ahisaspi ke
CONpr i $esp@l shif@Stach! hobifted T K &Rparf@ivaOHR! §eRNsdi SHERAS Bbit Ri ¥ r
where said s%%lke’s f)%i ntO In Qpposi?aé gin\r/ectl’onseal Soang n ag%nstg* gg?sgg
connect ordirdchors amgfaprexiedf endoetineent. of the i nvention, said connector is
desi gned such t hat sai t ..least.one spike .remains outside of si de
vessel in an elﬁé-ptret@%? én%é’r?énsl noPrIBts}lfér}VC 10ns PHA EPRPSFT 18#1651 gisflfkbﬁﬁtﬁa&,atsai d
connect orleiss oflesiiignesams otitsidbat a side dehlt] ihaashd-0Neds HakionOk e lfergativbiger
vessel in 15 an end-to-side anastonosis. |In a preferred enbodi nent of the
i nvent i on%ddgsﬁngl%isel {COHKFIOF 1§ @alﬁﬁ?q ek thah said atylpask oncIpakesiters pride Xpsgy,

sai d spi kg glesRRk fRMHIsseS two opposi ng spi kes. Alternatively or
additionally, said spike elenent interconnects two adjacent ring segnents.
Al t er nati vel y,Ingapigferggicrbodimantaf thesingentipgheaid peyob Rkt isacosipmgede iy i rspike

el ement . r hodi t the. in t.j.an, .sai - t one
spi ke haségn%r?'pﬁgeg{ar%{lg’dga?cg S&ggn%%lﬁ%? e a plr)lF%o ov‘é§5§>§|n% %ﬂ?eg'r (r%éttgl \z}gf@? “ai d
at | east wmideionpllk eaiiapika etenenaeptadedts tw@ydjagai risd segments. Alternatively, said

spike element is attached to only a single ring element.

20 In a preferred embodiment of the invention, said at least one spike has a tip adapted to
penetrate a blood vessel. Alternatively, said at least one spike has a tip adapted to lay against a
blood vessel without penetrating it.

In a preferred embodiment of the invention, said connector is heat-treated to have said
at least one spike perpendicular to said ring. Alternatively, said connector is heat-treated to

25  have said at least one spike parallel to said ring.

In a preferred embodiment of the invention, said connector is heat-treated to have said
at least one spike bend. Alternatively, said connector is heat-treated such that said at least one
spike does not bend.

In a preferred embodiment of the invention, said connector is heat-treated such that

30  said pivot bar is twisted. Alternatively, said connector is heat-treated such that said pivot bar is
not twisted.

In a preferred embodiment of the invention, said pivot bar is within an axial extent of
said ring-like shape. Preferably, said pivot bar is substantially centered relative to said ring like

shape.



bl ood vessel w thout penetrating it. In a preferred enbodi nent of the
i nvention, said connector is heat-treated to have said at |east one spike

per pendi cWbapskBgsaid ring. Alternatively, said connector pgrisaloodiheat ed
to 25 have said at |east one spike parallel to said ring. In a preferred

enbodi nent of the invention, said connector is heat-treated to havé said
at | east one spi ke bend. Alternatively, said connector is heat-treated such

that said at |gasha@ng, szﬁ@?%tlﬂf?%dﬂﬁ&e DR kB rRLigkagRd seppodi ment  of
the invention, said connector is heat-treated such that 30 said pivot bar

is twisted. Al lnet peferes gnbosigment b ik stventiqng stid 41ivatrhag e gompressd th &t Pivedi d
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5 WO 00/56228 .PCT/ 1 BOQ 00310 Al ternatively ai.d pivot r is outside an
oxi a1 Bt 8heg Vi PRy ARt ok ROt Sl var B RE

i nvent i onexteidhs b MAéasb@fe JfSaib GiRPEietRAtsi N a pivot nmechanism Preferably,
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el enents Al t er Hat P{adered @alfiodimsny of tipo BWEHIoBmS3d PR PP (AURleq 18jSAlg| Rivot

ext ensi onyfeOhAfsn] 6ASE hARE @ Qfh S Of E4id Bk YIBMBreferaBlyl %ﬁﬂaﬁihg@ké(mpﬁs‘éi d
pi vot mechanismis coupled via at |east two extensions to af |east one of

sai d ri ngthetkemsatgsaid meehapisefrelatiediospidadvorbat of the invention, said pivot
R L e

pi vot bar. Prefer rirse ckening ani sm
rel ative titersaing rinigsegmdas andlfivdtibaampetahemr ad seidipodit veninedfanising areakedilyi on,

sai d connector co ises a plurality of | ternating ring segnents and

pi vot bar SRS % Oﬁ'r?dgrg%{?‘pa‘%?]\f(?fnp §101?@€5‘ﬁ5ﬁi‘1%ék 8P%xial ly staggered,
to allow a grept £prof@tidadmyoaiine $6 HRNinoéntidAl chid bRBt birki€ s&higRe Alfethafively,
preferred enbodi nent of the invention, said pivot bar is straight.

Al t er nat i §¢ pivot kagjigpipieise Heyghtqltginadalysisaid piiof Bargheurved- t er nati vel y, said
pi vot ,par is c : ferre di el t id
conneét?or IS pg{:iggeefe : P%ng?%}ﬁﬁ?f? tﬁesgllvﬁmggbﬁ%?%ﬁggtﬁgﬁgécgg&g' B%?‘??% ar
vessel typadfmrckagaigdindoarect partiamer fesselwlype Hos aiid copoemtecarlr farswiadiaphidd.

Eg_lege:/gglsg?mxtse@%rgls\é%d%%ﬁeﬁ{iS};e%{%gail?‘f'yggg@é/%ses%l ?yp];: ecggl%glsesaar I’elenro\{ail a'xb‘t'leltyer/\ri'f%}niag\%l%’
said vessel type comprises an aorta.

In a preferred embodiment of the invention, said packaging indicates a particular vessel

20  size for said connector and for which said connector is adapted. Alternatively or additionally,
said packaging indicates a particular vessel wall thickness for said connector and for which
said connector is adapted. Preferably, said ring-like shape has an axial extent smaller than said
wall thickness.

In a preferred embodiment of the invention, said packaging indicates a particular

25  connection geometry for said connector and for which said connector is adapted. Preferably,
said geometry is a side-to-end geometry.

In a preferred embodiment of the invention, said packaging indicates a particular
oblique angle geometry for said connector and for which said connector 1s adapted.

In a preferred embodiment of the invention, said at least one spike is cut out of an

30 opposing spike of said connector.

In a preferred embodiment of the invention, at least one of said ring segments
comprises a plurality of axially spaced elements. Preferably, said plurality of elements
comprises at least three elements. Alternatively, said plurality of elements comprises at least
four elements. Alternatively, said plurality of elements comprises at least five elements.
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In a preferred enbodi nrent of the invention, said packaging indicates a
particul ar vessel 20 size for said connector and for which said connector

i s adapt g, natively or additionally, said packagingd G 2
parti cul ar vessfg wal I thickness for said connector and forT&%b sai d
connector is adapted. Preferably, said ring-1like shape has an axial extent
smal l er than said wall thickness. In a preferred enbodi nent of the

i nvention, saigg apﬁ%f%ﬁ% reglbbmieﬁ%fe&ean%ﬁz)ﬁ CAtl & sai @ PluFAHNIBE LieRidn@ §VEL Y
for said connector and f whi ch said connector is adapted. Preferably,

sai d geon®meygdomesys N@rrta@wnd algésgsretroy of |saidaplyraditye of ederaerito dpYreptireed t he
i nvention oRal % packagi ng i ndicates a particular oblique angle geonetry

for said connector and for which said connector is adapted. In a preferred
enbodi ment ofIhMQne%mahmmbmhmsmuﬂtminhaagm enieass pnk of b8d pltraldybf clemains 30

opposi ng spi ke of said connector ref erred .enbodi
P ontd o R i el e SR SR H. &b SRR e Heptys BT 7 oo

axially S@a@eegleo%ewemt%maﬁv&i eitabdsy oné af daif| ghiralityt Of QémelteMBNhSIcat QRRE | SES
at least three elenents. Alternatively, said plurality of elenents

conpr i sescuates|defirad therghlt el ements. Alternatively, said plurality of
| t (O
el ement s Co”pgjs%ﬁﬁet%%rte& @?x%%&bﬁﬁ f‘%h@{ﬁ%&ﬁtﬁm %\?t Q0L g@%ﬁ@ R ?J(t @P?fe&@ﬁ‘t} n

a preferred e e 1 nventl on, sal el enent s
have a slase vgeorgevidih. AMemnvmlaM@Ifya,ld aturallmasﬁel@mmmlﬁavsawdnqmnuwaitht y of

el ement s haveInlrroer dq?aygtrl <6 hnoacp Q%&EQ e% quQ ment of th

i nvention, at TeAst“6HE 1 IJra |r& Pl 8heRl S S HAPTR S Fné?%ncurve
geonetry. dl&ﬁaabﬂ@dm@l Yit aa}iomteasdonmao@fofaauastpbw af kdiy edmedtsenming spiftas a
dual curve geonetry. Alternatively, eas{ one of said plurallty of

el ement s Hewemto I“éa%h S3ith g SCEHFR &S aH%thﬁe%re Fdbepgld §iRin dispiagtion  dgment

embodi ”enéorr%séshz?tm&%ﬁﬁ% 0@ Baid Akia 1@@1%6(9@1%9& PRIl Wadd ihickeRhie BLERERE S
has a varying wd ernatively, all of said plurality of elenents have

a constampeiiiigt h. 10 In a preferred enbodi nent of the invention, the

CO””erf or Co”pfl{e§ SR aﬁoj)trg\ﬁh&i mdd'céo%agm%é WRe. a@r@féﬁ{é& e%%&{ngf?t{AﬁS}‘thﬁ ny &R pegtion

of at 1east one of sal ement’s a spi f I'ng
segnent |mahbdaﬁ&edmgﬁﬁﬁkﬂn&hkypompmmhgtraln di ssi pation elenent conpri ses

a thickening of said axially space Pr ef er abl id thickening
e nes an Capertiie: eSS St dor e R bulRegcti t n o
preferred enmbagidier saf tig BeinkvB¥eRtdi@pPein®; and

pulling said inverted points towards a distal end of said blood vessel. Preferably, said
20  plurality comprises four points. Alternatively or additionally, said engaging comprises
engaging using forceps and where said inverting comprises rotating said forceps. Alternatively
or additionally, said pulling comprises pulling different ones of said points different amounts.
There is also provided in accordance with a preferred embodiment of the invention,
apparatus for graft eversion of a graft over a shaft having a tip, comprising:
25 a handle for engaging said shaft;
a plurality of forceps arranged to engage a tip of said graft where it protrudes form said
shaft; and
a plurality of joints, each one associated with one of said forceps, for rotating said
forceps pulling a tip of each of said forceps axially along said shaft.
30 There is also provided in accordance with a preferred embodiment of the invention, a
method of measuring a graft size, comprising:
mounting a tip of said graft on two extensions, one extension coupled to a spring and
one extension coupled to a handle;
manipulating said handle such that said extensions separate;

7



met hod of everting a bl ood vessel, conprising: engaging a tip of said
vessel at a plurality of points around its circunference; inverting said

tip by i i said points; and pulling said inverted pg fUeF ds a
di st al e§%§g¢&ggid bl ood vessel. Preferably, said 20 pluﬁg |t§&conprises
four points. Alternatively or additionally, said engaging conprises
engagi ng using forceps and where said inverting conprises rotating said

forceps. AlterfBatiideh¥asuRkieadel 4 iarabliyed RAafh PHhSiAG conprises pulling
different ones of said points different amounts. There is also provided in
accor dance wi tshlegling &¥ aapteaogiAisoRcHOn FespPnsiveeto] saidetsad igasuremgnarefsmbhor
graft ev [ f - - : I 110 1.sing: 25 a

handl e fgﬁég%gggf%gpggg%rgﬁgﬁ%?sgﬁgé%Fé I%§ﬁ8 g?%?ﬁ%%ggggp nged to engage a
tip of said gridgfete mlakoerovidgiriotacemiésicé ontn ssprefdred habodimanmdcofahpinvemiont y  of
joints a(fh onge associated wth one of said forceps, for rotating said

f or ceps 3517?%5 4 (PS5 each of said forceps axially along said shaft. 30

There is also apyh@mit%qdrfoﬁna@@qfudaa&anmbtd@dae@egferred enbodi ment of the
invention, a nethod of measuring a graft size, conprisin nounting a tip

of said graft doHaft feviekd BHYINGEaMGEHeNE PRWRS P SRPTESINH feanftddg%re@pfpi §EAE  one

extensi on, GoWBE &6 bRo& vBRAdL &4 dfiﬁi&iepQﬁtﬁ}aﬁnﬂ&lgﬁﬁhﬁhiﬂgﬁ%ﬁnéw shidafp & dhd
extensions separate; 7 WO 00/56228 PCT/1B00/ 00310 readi ng a nmeasurenent

on a scaladcdupt elaft, sasladidmeter inttgasingdwoe | fom isaid tinfoarraitsbdissinee emhpmédt or

responsi ve to said. read sur, nt .. Preferabl th t hod conpri ses
T S
provi ded i n acaauctamte mbintedorpsad erafteshdebmdianiy) taidfouteh @ubeideing ia@finned. 5

hol e puncher, copprising: a sharp ti or form.n puncture in. a bl ood
vessel ; al'&REFt oﬂ%w i Ba 5 G %Q‘B’@F Gretg ARG RY 3 d%ﬁeegéﬁwﬁmfla%ed
therein fQimaBgapieRgabl@ Rl tip OF sgidi Fhid?! @RI nyes sRhilerSird HAAGEL @kt a more
substantially matchin di aneter of said tip at one end of the shaft,

sai d di arse¥maj m?i@hjsﬁgﬁ_ﬂgi @gayuter om said tip for a first distance and said
depreaai on: angrant aup ey Gah e Ping L eleRR hBTERER SELEERE £ o
out er t ubmeethed/offgrmaing amnieique dh@me@is cofingairdeohippisingat is in a range of
diameters def ip?c?quigga%gril—gbﬁciu%%gas?gmcgs%sngo%esc?c;rp 9
mounting said connector in a restraint;
manipulating said restraints to deform said connector to a desired degree of
20  obliqueness; and
heat-treating said connector after said manipulation, to maintain said distortion.
Preferably, the method comprises heat-treating said connector prior to said mounting, to train a
deformation of a spike portion of said connector.
There is also provided in accordance with a preferred embodiment of the invention, a
25  side mounted delivery system, comprising:
a handle including an opening in its side;
a graft delivery tool adapted to fit through said opening; and
a groove and projection mechanism slidably interconnecting said tool and said handle.
Preferably, the system comprises a snap-lock mechanism for axially fixing said handle relative
30 to said tool.
BRIEF DESCRIPTION OF THE DRAWINGS
Particular embodiments of the invention will be described with reference to the
following description of preferred embodiments, in conjunction with the figures. The figures

are generally not shown to scale and any measurements are only meant to be exemplary and
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di aneters. Preferably, said tip of said outer tube has a snmaller outer
dianeter that a nore proximal portion of said outer tube. 15 There is also
provi ded W§ 0B559% dance with a preferred embodi nent of the javanbofie 2

nmet hod of "formng an oblique anastonosis connector, conprising: providing a
non- obl i que anastonosi s connector; nounting said connector in a restrai nt ;
mani pul ating said restraints to deform said connector to a desired degree

of 20 obhhaMeBRsSy 1MIEnd 18Rt AR8RL! MOl SnkQREecleRbnd bt §5n§@1n@h appear in
mani pul ation, to naintain said distortion. Preferably, the neth odp

conpri ses nipsathap peafipg arairefereblyriekslasrwigh # sama ¢ simmilar nwmbar inrfd), the wieninn a
def ormat i f e .on of said connector. There is also provided in
accordancg&ml\l/\%%tt*“f%'aa%g%Ag’flélrl%&?lre(F ‘enbodi nent of the invention, a 25 side nounted
del i very syst efig. ¢amplan siewgnf aaaaha:ﬁdlpaavqtmaﬂ bnﬂemglaatnmpenomxgctbn i bsosiane; a

graft delivery t ted t fi.t through said opening; and a groove and
proj ecti of”! ﬁ\?&ﬁ%{foﬁrgqﬁrgt?qpﬂﬁmt)‘? {5 {0ER M hect i ng said tool and said handl e.

Preferably, theiggystemiGeRieS@plo3meieRethod borMRCORALSSE d1aTig aX iimhdc¥rdahoe NY
said handie relative 30 to said tool. BRI EF DESCRI PTI ON OF THE DRAW NGS

Parti cul ar‘”l@rﬁﬁﬁ%ﬁeﬁ%@%b@fm%%éfihﬁ\}"é’ﬁﬂ‘il‘ﬁh will be described with reference to
the follow ngE%egc Jirf ORwOb ¢ Qrp%ft f ra%gth@{TPR/gL%rﬁe@ed hﬁhs?)ﬁ{ytie(r}gﬁfl&fbr,‘"‘int h

the figures. e figur are generally no scal e and any
measur enentesrdenee with yn m@mﬂtm prelﬁaereéxmrbpdhmeyt crtlae in@enfion N0/ 56228

PCT/ | LIQ’Q 0/ 00310 nOtz{%O ﬁeeﬁus%ra{ lay c\llagioezﬁxelntnﬂethog' forqge <]:coI gc{tesdf l:‘llde.')ntl‘ll agciflprda%c}e o

structures, el &g an one
pr ef er abl Wlﬂh&ihﬁéiéﬁlecw:rﬁlfbdanﬁﬁﬂﬁtheﬁm&hmﬂ ar nurrber | n all the figures in
whi ch they app

i.n which 1is an view of a of . a pi vot - bar
based anast orm?igc 1Pdnaett EFF“"‘iah%’&‘Yc‘bgr%’al%éb“e%ln HC%%&EF&F @H%Eﬁdaﬁ%ﬁiem
of the i NYRRtIns BhtRtorL fir #Fordhd dSHifal SeRre@BhoHHR A oﬁrﬁ{eh%nm{ the

connector of Fig. 1, in accordance with a preferred enbodi nent of the
i nvention; Fi gFiga>iis phnarievidw ot &f parivotdfer Apsst Hapstpnetit cosmectbiadeaturing

anast qEt kg G chﬁﬁgﬁito‘ril’ﬁ ellr(]c%siqg %&%?&59'@\0&1? a Pl ARnBb AN N EinRLRIE! T ed

enbodi ment” o
Figs. 6A-6C illustrate various spike designs utilizing a pivot-bar or a similar hinge, in

accordance with preferred embodiments of the invention;
Figs. 6D-6E illustrate a spike design utilizing two pivot bars, in accordance with a
preferred embodiment of the invention;
20 Figs. 7A-7B illustrate an oblique anastomosis connector utilizing a pivot bar design, in
accordance with a preferred embodiment of the invention;
Figs. 8A-8E illustrate various anastomosis connector designs, in accordance with
preferred embodiments of the invention;
Figs 9A and 9B illustrate a connector-bending device, in accordance with a preferred
25  embodiment of the invention;
Fig. 10 illustrates an alternative connector-bending device, in accordance with a
preferred embodiment of the invention;
Fig. 11 is a cross-sectional view of a graft measurement and/or stretching device in
accordance with a preferred embodiment of the invention;
30 Figs. 12A-12C illustrates a side-mounted anastomosis delivery system, in accordance
with a preferred embodiment of the invention;
Figs. 13A-13F illustrate a graft eversion tool, in accordance with a preferred

embodiment of the invention; and



10 Figs. 4A-4Cillustrate a deploynent nmethod for the connector of Fig. 3,
in accordance wth a preferred enbodi nrent of the invention; Fig. 4Dis a
cut - sect {NAlse¥dse€W of an heat-treating device suitable fopRhidglgbar based
anastonosi s connectors, in accordance with a preferred enbodi nent of the
invention; Fig. 5is plan view of a part of a pivot-bar based anastonotic
connector, featuring 15 spikes cut out of spikes in accordance with a

preferred enmbedi nentiRfrathe dipvent %Ql@;puﬁélﬁﬁ%]_t&ﬁg‘ GCabdordimbs i ¥afrbeMs spi ke
designs utilizing a pivot-bar or a simlar hinge, in accordance with
pr ef er r e¢mbeiodtinhedffbeinggntidle i nvention; Figs. 6D-6E illustrate a spike

design utilizing i ! mmmg t ed enbodi nent
of the inventi onﬁ%lﬁﬂggh@gﬁgwﬁwﬁgf?ate an o I%&gﬁg%ﬁﬁosi S
connector uti [Figilng plapiwetr diar patesi gnpivbrbar deewr emnoeoht tdongecpr ef0fr rred
enbodi_nment of the.j nven%i OB; Fg gs. n?A'f Eill L{St r%t e vg)r Ir%@ﬁs anast1 nosi s
connelt o HEMIPGRE I ¢ PLRITHH SRS HIT 1T U BV EF o8 ORISR ent'E B5fr ¢ Her e

i nvent i onthagei 9for@éd NG Hraiilyl ti5HA@EneenGONPLEIOE phemty NG Pl d@neritd) 104
accordance with a preferred 25 enbodi ment of the invention; Fig. 10

i |1 ust r at/@8rspgrses) Redy seatthe/ BuE SgHERIE off 1eieH hRy el ek OthpicoRpecsR dighigRs, Gt h a

preferr e%e%@@@%r@ﬁﬁpl@f‘[}wé Bfkd Q%R B g fliGhendeht bBth@riff 9MRCt | onal  vi ew of

a graft measurenent and/or stretching device in accordance with a
preferred enmbddiingstgnoht fdmes ipaw ef theomg SOicRirg ef theZAnMe2@riahd istypwalds bat

si de- nount anast sis deliver S . ln.accor o i a preferred
orbod et BpAPE A IRASn el bl S L3y Ml MiBE 0L (RN ool 1o 3 BEELE
t ool , i n eathodinthanoe thei nkergiopy efch rrirgdsegmieixo ticmentprizts b hpduralityestt sideby-dded 9 WO
00/ 56228 PCT/I1B0Q/ 00310 Fig. 14 illustrates a tip of a hol e-punching tool,
i n accor FiFEBSEOOHVRICh pemEFTably elasiodi ment of the i nvention. DETAI LED

DESCRI PTI ON O, EjRed-ElgiRER SalvBA ANk Snéte Dppdsih sk fot @Wnple BikRaNig @hd a
pi vot - bar based anast onoti ¢ connect or 10(5), in 5 accordance with a
pr ef er r ed 08 &b &lefivrre Apikefl OB peshonierith dpharcipn 88t for pagtyating Here vassely ay wHb

ngﬁeeﬁi Sfb%%gﬁgiln%ﬁ g‘%}g‘plv&{{hagggptegt tgﬁ;gﬁbng segnents 102 and a plurality of spike
persed bet we the ring segnents. It is noted however,
t hat ot her corneatiouladfesiugnst, canaector 100 is that one or both of spikes 108 and 118 are
mounted on a pivot bar 110 or 120, such that the spike can be extended into the figure plane
without substantially bending the spike, only by twisting the pivot bar. Furthermore, the
amount of distortion of the pivot bar is considerably smaller than that of a comparable in-line
20  hinge, such as is formed by a bending of the spike. Thus, the deformation is less likely to cause
hinge failure and/or a hinge can be configured to also apply greater force to the spike.
Although the spikes are shown mounted at the center of their pivot bars, this is not essential.

In connector 100, the pivot bars 110 and 120 are shown are being axially spaced from

the connector by extensions 114 and 116, respectively. However, as will be shown in
25  alternative embodiments below, this is not required.

A joint 112 attaches pivot bar 110 to extension 114. In this joint, the spacer is made
thicker than the pivot bar, to prevent undesirable twisting of the spacer or any part of the
connector other than pivot bar 110. Other variations of joints will be described below. It is
noted, that strengthened or weakened portions may be provided at other points along the pivot

30  Dbars, besides at their ends, to control where deformation takes place.

In a preferred embodiment of the invention, the pivot bar is not a load bearing structure

or a radially expanding structure, so that the forces applied to the spike can be independent of

the radial expansion forces. Another potential advantage of this separation is that the radial
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be used, for exanple, the spike elenents being i ndependent of the ring
segnents. A ring segnent forns part of the ring structure of the connector
and is typj gehag but 10 not always, radially conpressedpcifpgdosiy €asi er
insertion into a blood vessel. In a preferred enbodi nent of the i1nvention,
each ring segnent 106 conprises a- plurality of side-by-side elenents 106,
which are preferably elastic. A spike el enent supports one or nore opposing

spi kes, f&baRiandd @nbdhdeeD01bq @Rsle d388nADasd OM¥fecBRickilkOsitons RRWOVIM th a
sharp tip 109, for penetratl ng a graft vessel, as will 15 be expl ai ned

bel ow wi t%ternél%%‘iﬂd/qréhqfﬁﬂ"f e CANRSAIOL cul ar feature of connector 100 is that
one or both of ek Steri®B 28812 é@gf &ba@'ﬂﬂhﬁqhg ofild e\éog)raﬁfsm?};@roﬁrthézo

such that the spi ecan be ext nde |ntothef|grepan
subst ant ia@mstgmmﬂmzn@nﬁ hiethe péringctoeahype bsduted. st i ng t he pi vot bar.
Furt her nore, amunt .of, di.stortio ansi de

t bar_ i.s
smal | 2‘{ t han tlﬁmherp Otemlal adgarnéﬁeerefﬂﬁze i éplgf)?h?nggnat gnuc 1szsé:ole el ﬁég" by a
bendi ng qfenttrge Spibked kavaBat dllhRattlef e fadtce applicd byeﬁ@plwtkﬁhs sufficfemt Seholdli Nge
failure apd/or a hinge can be configured to also a reater force to the
spi ke. AP‘"E %lffgargatqﬁbthBioRgé’esé?léa%ﬁli‘Bg’ﬂ bRiGUTR &t &b "‘f‘ﬁ‘@ %@g?téartméft their pivot
bars, this ismal BESENijudkate | SRMBEY OlicplBhent NEetRdd @br REKRctd G 0angh 120
are shown are bei ng axially spaced from the connector by extensions 114

and 116, aceypaseiwie § prafygdvambodimeniviof thebaveionnComnectes 180 isepratgrablyeheat

nmbod t 110
eOC T ik b 40l R SRSk Bt oS RNl T
bar, to preeeediculancess a:cmbéceoxtswrfsctel ng of the spacer or: any part of the

connector other t | vot Dbar iations. joints

descri bed bel g:r\}\g %Qt nk? S o8O ﬂ@tw'ﬁ p%ﬁgﬁ’ﬁ‘@ﬁéﬁ‘a@’f a eWB‘émf)%)fs\%tWS‘H’sa may
be provi dedicat 30then gost Bévr abeng gHiftGIZQ' Mqirow&&i @@ﬁéd ob@sgr@kesoxactr mmhd
ends, to control wher e def ormati on takes a preferred enbodi nent

of the i rPBRRCBNL00¢ prel fFisidstantapertie ip dhe é’a{)&édi 5@9& iveepekt tlich Gre tubg 1é8
radi ald y rﬁ&i{?@ﬂ{é'c%eéﬁof ‘t'@di'ﬁ f%,axﬁlp Sk r&l%‘vef tgﬁ&%%st%@aie'o%ﬁvér? syshien Spi ke can

be i ndependent of the radial expansion forces. Another ent1al advant age
of this separats ahnwnsntFi@QAt Hps t%tbfesblkeimomlaﬁkfg@ﬁQ@P@frﬁs B@CM@OMBlg

expansi on,pof nnect o %100 ol e doe ,Lg eto ffec e
pou 11 ong i a¢ BRITERSan BB JORNE, E0RR dag B k@ Bl e ST T

pot enti al adamcasntmgexembermrvm vmmso iafd tdvatts tohies mtm‘gl domfiferagon pemb@fﬂi’cuﬁr ons

fromthe anasto s..locati o t onnect or can,  be reduced. 5. Anqther
pot ent i a|t°5av§ﬁi°"3§5 SRS SR .nﬂt aélp?fﬂtg %irgim%@“e RYP! P#el 1§p%ﬁéldﬁd’é%ﬁlﬁ8 need

to 20  the extended spike can be substantially perpendicular. Tips 109 may be trained to be slightly
bent towards the near vessel wall, to prevent them from protruding into vessel 130.
In Fig. 2C, holder 134 is retracted, allowing connector 100 to expand radially, at its
ring segments 102.
In Fig. 2D, holder 134 is retracted even more, releasing spikes 118 to bend

25  perpendicular to connector 100. As a result, vessel 130 is grasped between spikes 108 and
spikes 118. It is noted that spikes 118 do not penetrate and blood vessel, while spikes 108 only
penetrate graft 132, not vessel 130. Alternatively, spikes 108 may extend directly into the side
of vessel 130.

In Fig. 2E, graft cover 136 is retracted and the anastomosis is completed.

30 In a preferred embodiment of the invention, the spikes and spike tips are designed to
support vessel 130. In one exemplary embodiment, the spikes are wide. Alternatively, the
spikes are roughed on their inner surface where they contact vessel 130. Alternatively, the
spike tip may be wider than the spike, for example to define a contact pad between the spike
and vessel 130.
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penetrate the blood vessel at all. Rather, the force applied by the pivot
bar is suffici ent to hold the spike against the bl ood vessel (as shown

bel ow i n i go wi thout penetrating it. Figs. 2A-2E ill yt@@bfoddio

exenpl ary dep? oyrrent met hod for connector 100, in accordance wth a
preferred enbodi nent of the invention. Connector 100 is preferably heat 10
trained to have a resting configuration as shown in Fig. 2E, wth spikes

108 and 118 ext@pdid@ 10EIPPRAEEBY Aforhe i€ CRBIMNE CduPbr-akkit a6e shabb-thendfy
shows a connector 100 with both spikes axially aligned, nounted between a

hol der 13/maefiplasugh aF Nitiel dfoweser, canngetar 00y |a§erp%twiyd@dplési@ﬂlﬂ>eéef9v@d
graft covep og@»%@m% ePess gﬁga%gsospl&@qog Nohdle AteRRBEL w@eng@%&dae% @l by of a

'side" vesse ase tu mei nt ai ns connedt or N its axial
posi tion nwisatlg yevot bart H®. Oase spokest 98 ade bént enfficepsy, dmwldeAd 34 htmmﬂlsmgd‘geghe 2A,
tlp8190 kes 10 ans 2, at.its ever
the bade ChEES fagrrER DelaRRel FubhRand iendms® y94%, Rttt Pihos & o
spi ke 108 FigdBanaes thatipis rhietc@pres érighged spikéesmtlasei30 and reverts to its
resting configuration perpendicular _to connector 100. Since nost, if not
all of the bendifhg® ISPIER PFV AL DRI PIg PivAEDa| Rasedyprisiometis reonprdiqs2x ik nded

spi ke can a@@or&éﬁ@éR@tﬁtah%itér}iat%rppﬁél?éd%%ﬁxméﬁ't BSthd @R cfiBh. be trained to be
slightly bent towards the near vessel wall, to prevent themfrom

protrudi ng i nt Simdyse|comggtor |1H0Riogneck, 200 slogwriss4plurplineof tog eemealsl W ng
hol der "3 g orgrip REPARS 208 I kiR of Wik Ko S BATRAEE OB e S 26

racted even Spi
per pendi cuhdr spikedfnkdd noted 0Bt a Asrtiauimespike elemaﬁé&@B db&80Ondtnegt asipeldddbetaveen

spi kes 108 and i kes 118. ]t is noted that .not penetrate
BT 00d tpatss Hheh AR inelute b ohTS el aie hks B 3PS SHBCIHEL vesae,
130. Al ternati viglsyconfdthdeess akOBthaBYmBodiaBls descBBdd Berdintio séib@edtod&emplifivessel
130. In Fig. 2E, graft cover 136 is retracted and the anastomosis is

conpl et ed.P wltmfaief}g@ﬁ@mr@% Ao AYBEFARR Y acsprdangs Wiy a prgiermed @rnhodsrﬁpnéesf ththd
spi ke_ 1! psin@e%ﬁorg f‘ssﬁog e e %&strﬁgp&%&ng ﬁﬁﬁ@d tolﬁg palltﬁulgp ﬁnf%?m dsYillustrated. 4y on

enbodi nment e spikes are w Al ternative kes are roughe
their i nné%atlmrmacmmeﬁetsweeq/cltDQm @oiluMQS%@Neme&atuNStlmemqnw@ldynem heith

et ween | A aptpatt Rl A Bag R b T 0B et b P 6 B et o
100 is pr etlecdddl of famirsetomfanpofthashbsdimsntpstioval. asti ¢ or shape- menory
material, such as Nitingl. However, connector 100 nmay._alternatively be
pl astical ly defBEfegjure of connector 200 is that a pivot bar 220 of spike 218 is within the axial
20  extent of ring segment 202. Thus connector 200, when deployed, can have a smaller axial
extent than connector 100. In the embodiment shown, spike 208, which may be a forward
spike, does not have a pivot bar and the spike itself is bent for deployment.
Another feature exemplified by connector 200, is that the pivot bars for two adjacent
spike segments 204 and 204' are not at the same axial position. Thus, the pivot bars of adjacent
25  spike elements do not contact during radial compression of connector 200.
Another feature of connector 200, is that a pivot bar 220 of spike 218 is not straight. As
shown, the pivot bar is V shaped, however, a sine shape or a zigzag shape could also be
provided. Spike 218 is preferably, but not necessarily, attached at the bend in pivot bar 220. A
potential advantage of the V shaped designed showed is that a greater force can be applied
30  over part of the bending positions of spike 218, than can be with a similar straight pivot bar.
Alternatively, the pivot bar may be tilted to provide space for axial compression, but remain
straight.
Another feature of connector 200 is that the mechanism supporting the pivot bars forms

substantially square corners that jut into the neighboring ring segments. Alternatively, these
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In one exanpl e, holder 134 engages spi kes 108, when it is retracted, it
bends spi kes 108, by twi sting pivot bar 110. Once spi kes 108 are bent
sufficiegfd Yosetsd der 134 may di sengage the 5 spikes. A suigghk (p)g{(per tip
for engagi ng and di sengaging is shown, for a different purpose, 1n Fig.
9B. Wien the tip is rotated, the engaged spike is released. Fig. 3'is plan
view of a part of a pivot-bar based anastonotic connector 200, in

accor dancgriér I&ha@rbea}ohﬁddaafop\ﬁenmyeftwg ®6t sarbRdicrE N cifodnl &ilhnike HohRRtor
Simlar to connector 100, connector O conprises a plurality of ring

segnents ufce, hopersnisis i5ineh cesarsishr ReIDl @rilos qerRAckrs terstha pivek balienent s
204, each. gf@ﬁ%ﬁfe@gnr%c@pﬁti%%l}zgﬁngléggmﬁ spi ke 218. It is noted that a

partlcular I ke el enent 208 "does™ n need to include two opposing spikes
and may incl ud@nomm featurerof eortnhetor Zﬂ@e“@mhkxﬂlllbﬂ: iBasttatedn &lg. dith@clesoohes thhi s
connec des ecte

oot £viegSvehf i hikihe STREC-E RO BRI Rl Betbivo: AR SRS SIS 10 1 o
pr ef er r edinelbedifomad npf219 her spearihg vesatli 103!0 Heweadr, thid dpeartipnshrbded aasngei ng
limited to the particular mx of features illustrated. Rat her, the

enbodi rren%l%mg\iéarngyé%]é‘é’ﬁr than P° frsexamrle SEV3- features in each embodi ment ,

with the Undeﬂ‘lgé aﬂ%@@ll&st}% aO&elfsﬁfynf%HP&‘é{hBE '?&Sco%ééf‘dr@dohﬁl %Qﬂgn&fwﬁtﬁ'@
i nvention can contain any selection of features from any of

enbodi menersfeshémnbodimentfoédieuneenspn.connect or 200 i s that a pi vot bar 220 of
spi ke, 218 is I hus
connec(f 200\,iﬂr é\/n SWﬁ %torczﬁ)ﬁ ?%%/ggtfor& %pr]g ﬁ%gg‘? aéagx(?en?ng?#aﬁessel
connect or 1300@. méthod slmllaﬂbdmt shen i opu?, mshckiae® 8 ;elaﬁsmtghher@ykebewmcfﬁ oayar d
spi ke, does not have a pivot nd t he spike it el f_is bent

Gl oynents SRALERGIE Bt e ety RS HHIER o ooV SR HRred BET pi vot
bars for gpwc@ghgtégrmbeugé@l ke segnents 204 and 204 are not at the sane

axi al position. Thus, the % vot bars of adjacent A@&ke el emrents do not

contact duri ngsmlsﬁm?dﬁ aEORFpICERDY rid Betweem asersetopboldengish #ndra owen Wbe2 3k
connegd Ord&f?@’ arldS BHEI foRA {heb@h ge%g:npfof %Qésgﬁlﬁ]'g%aglﬁe9t20§.t A%&Héaioﬁz pe

shown, the prvot bar ’is V's owever, sine s e or a zigzag s

coul d al stSbwnerpM@vndeht prSdeetoZbatrolsthqapﬁﬁtmnaiﬂcynnebm 200 telatpe és sesdl 190
attached at; the. ben i e of

Shaped: degigieaechBilals @ Rt abySraf BRSSP B SR HE B5-0030 par
of the bendi ngnpogi4Bi ousr tﬁf)emlkeetﬁiﬂ:ﬁd ﬁrdsb&rg spim 208 tobénd. As Shdowil, Bothspikai ght
pivot bar. Al ternatively, % be tilted to prOV| de space for

axi al con{')]rgeaélglpb‘f‘i’tbﬁ&tzorb@ﬁjaiw t%@cfreailb'ﬁﬁt Sp}d?ﬁé‘tl’k?éf)ef‘%a&?w“és%f 3€onnect or 200

is thgg the %@Q'Waﬁ%@ﬁ@ﬁaﬁ 'st@ of Q@Vaﬂblﬁgtou%%@'hﬁ)efﬁﬁ%1llu§t‘ﬂ£{§c§ aptt a@dn¥ingquar e
corners that jut Tnto the neighboring ring segnents. Alternatively, these
12 further bends spike 218 and strengthens the engagement of vessel 130.

Fig. 4D is a cut-sectional view of an heat-treating device 250 suitable for pivot-bar
based anastomosis connectors, in accordance with a preferred embodiment of the invention.
connector 200 (or 100) is placed in device 250. This placement requires distorting the

25  connector as shown. Device 250 is then heated to heat-treat the connector and make the new
configuration its resting configuration to which the connector tends to return after distortion.

Two types of spikes 218 are shown in Fig. 4D, namely, a penetrating spike 218 is as
shown in Fig. 3, and a contact spike 218' does not penetrate vessel 130. Optionally, the contact
spikes are distanced from the connector center, to allow more force to be applied to vessel 130

30  during deployment.

A single connect may include both penetrating and contact spikes 218, as shown, or the
connect may comprise only contact spikes 218' or only penetrating spikes 218.

Fig. § is plan view of a part of a pivot-bar based anastomotic connector 300, featuring
spikes cut out of larger spikes in accordance with a preferred embodiment of the invention. As
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WO 00/ 56228 PCT/1B00/ 00310 corners may be rounded. Optionally, the pivot
bar is bent to conformw th the connector surface, however, this is not
essenti al jally in those connectors where the pivot j upl ed
to the conngi‘/?bgr% at only a single point. Another feature ol;fa(r:/lggl?{goc?’t?@r 200,
which will be illustrated in Fig. 4 that describes the 5 deploynent, is
that the spikes are both bent and tw st around the pivot bars. Thus, spikes
218 inclydg Ige fa%\}%e&m}léo??xg,l&nn@&ér _ﬁj@e&)rnﬁﬂ?gesv§§>ﬁ§£ht}%@-rin Eits 3bBiesch
spearing can be at an angle significantly shallower than 90, for exanple
60 or 30. fdngd of 4 paid of artd 36t Azpike 08 splubgutef therhetihofia foke EdnAguv@bad®, in
accordance V“}E h%q'% R{ e}‘lt%rggg tclaomgf)edxit ment 638;];35?9 invention. 10 Fig. 4A shows
connect or OE(% Gt toedr MOHe (IiorV\%rél spi?e 2 i'S rel eased to engage vessel

130. A net hod ®nsidadire bOcdnhésiorS00Wthatth&spikes Daser yrenizfiusedithianha elidasterg t he
spi kes (whi.ch may be Super-el astic), or other nethods, for exanple as
descri Bed °f A"S #8"%B5VE2r ef er enced PCT applications, can be used. Spikes

218 are pref er aRbcheafirleb MNesMe@olC MNRCHE sphQl BB #330RsW, & Bl ersnlaube
234, 15 during and shortly follow ng the engagenent of vessel 130 by

spi kes 208mopntceinfoeaign orwierigbsy plicsie BN bottareissire aghesion.desioss dhe epike.ofant ise
position g;ov%% nector 200 relative to vessel 130 and provide a
counter-force Tor retracting connector 200 so that spikes 209 engage vessel
130. In Fig. 4Bpothat featutaibecddBéctors300es itiae et bar 2l mgnemitddecr?d8ertsenlelrsd.  As

shown, bo i ke, 218 and. pi vot r O bend, with the result that I ke
1o 518" engiapusvibe S8R BagioRAS el By C0sen tge st dhtrorobd it imcBng
out er tub@eiidy fabs 314 disdsired flount Midsthathaneddiigg tHelelideto Hieiids ths pitkieca?idbd, and
strengt hens the engagenent of vessel 130. Fig. 4D.is a cut-sectional view
of an heat - t r edt HAgbevaRROdDERILS: gFaflalsids ipicalhy (ransiiet by paked 0dndiemosi s
connect or Syjiel ) i@&ﬁoﬁcﬂ ﬁ?ra%%ﬁx%gais%@sfi@erd[ 8RB0 emBbdikdag:, HAY SO
connector 200 Eor 100) 1s placed in device 250. This placenent Fequires

di st or ti ng0é ke p2&vidadinede orthasvesthdpart ofigmaft ¢32. 1805 319 arh fadddddatlephst de edge
heat - t.reat .t.he connectar an ke t.he n configuraton,its. £est}
confidl‘riratolf §Y¢ 8rsmia8%%feﬁ§pg%@¥@tg&l??rév%rSS gla]és uerser?tog?l P%PW }%a?(?rl{)ig%nqn Two
types of sip desd2dfdhaeertet eswion of griafy.1324.Mptioani}, ¥pikes FiSnet defineddn gpickee218
is as shown .in Fig. 3, an&@a cont act Egl ke 218' dpes not penetrat \é ssel
130, Opt | GAEDF SFETHE “Dbrieder g e r E°EHICESaHte PO PHEIOR BhHaE df 1S
center, tQeRlIHAVABLE sé M@ 308 aREpABP8H).t 0 vessel 130 30 during

depl oynent. A single connect may 1 nclude both penetrating and contact

spi kes 218, asFigaoir0Cotustisee vasionhadke ¢raigne 8MbHNS & PHRE-Yarc i sistlardpraee s 218"
or On|2¥ p%@c%%a%&é {8h if'@f&% chbBdiments of the invention. As will be shown in the embodiment
of Fig. 6D, these spikes may be extended differently from the spikes described above. In
particular, these spikes may be pointed towards the ring of the connector, at least during
manufacture.
In Fig. 6A, a spike mechanism 330 includes a pair of spikes 332 mounted on a base
25 336, which base includes an extension 334. Base 336 can serve as a pivot bar, inasmuch as the
rotation of spikes 332 is supported by distortion of a significant length of base 336. Extension
334 may server for holding spike 332 during insertion.
In Fig. 6B, spike mechanism 340 features a spike 342, mounted on an extension
portion 344 of a base 346, possibly allowing better control of the bending and a reduction in
30 the volume taken up the rotation of the spike.
In Fig. 6C, a spike mechanism 350 features a spike 352 mounted directly on a base
356. It is noted that various spike lengths may be provided, within the scope of the invention,

the spike lengths preferably being selected to penetrate vessel 130 only a desired amount.

14



Fig. 5is plan view of a part of a pivot-bar based anastonotic connector
300, featuring spikes cut out of larger spikes in accordance with a
preferreqN gp@b%gnant of the invention. As 13 WD 00/56228 ]IP(S;WBI(@?&@OSN
wi th the above Connectors, connector 300 conprises a plurality of ring
segnents 302 each fornmed of a pair of arcs 306. A spike 308 is cut out of
the body of a spike 318. A pivot bar 310 of spike 308 is nounted on
optional extensi,0nH gbsiddte ke REhHAIEMOFc0GRAMPRGIRG p3AR thi, IhhakoliRe

spi kes bases are defined wthin the axial extent 5 of ring segnents 302.
Anot her f with ampeaferedd enthodisrens pf Bodnvietiamh Hig. §Pilkeplag ¥eva Mechanismawol Bas tWhat a

smal | er egi'}%pé goukga%hg%msgggg{ il tRE SBARYARMoRRLS s hloSHEsiAANRS! O,

across the's can be rov not ature of ‘connec 'S
t hat pi vobn badgcod PivbsbanBaftieporann 8%t emseanmbetasismBIB03dith, thd masof d dvenaxdral
| ocation pi vot bar 310 can be set after the connector manufacture, by
bendi n% t 314 a desired anount and then heat treating the device to

finalize the tmb, é©galdd view Bf & BEHIRRAENREWDO YT NBIHanigh 860 isTh3A: twseel yiecal |y
transfi xed by spi kes 108, 208 or 308. Alternati velé,g no such transfixing

i s provi deldivetrbar P8 and vepmaitivet RerBedi Thinellos ngubstghaht stuaogolledo be
provi ded E%gg&?s&fnfcﬁ ?ﬁni@ﬁ% {o&fle BRLE (\1195{5%19 kAdide ﬂa%@inltg@%st%%si@rﬁlsg Shdgfisback

past the 0 e eversion an en optionally again forward, so that
spi kes 308 eprdsipg swike Bat, v3ddh raryebeoyt any hpeout si de of the everted section of

raft  132. tj onal.l spi kes, 308 are. defined ,n cent. of. rin

dearedls s06 1 anur e BEd S B EE bRt & wied Yo EOUEE o B it o
graft 132rdt&ionlmklds baitiae Betiviettg 1 Segidertios, d0&ea el 8001 Inbsine3dbbodrhegss, a6A- 6C
illustrate various spike designs utilizjing.a pjvot-bar. or a sim]ar hinge,
in 20 acé‘b‘}bé‘“alh‘&%tW{SWr‘b‘ﬁgﬁl"eij’rg]éEEeé‘H%‘Sﬂ?‘ifﬁ%f‘%“sgko‘t"h"«?r’iaﬂH%SHPF EFHE‘“%& wil | ge
shown in the epody ABA! j11u@katEiad- otfiue WRAKIMERI KkiedtBY 40@ vlkiigndeFivot bar
differently fromthe spi kes descri bed above. In particular, these spikes
may be poilesigadin agendaeretieh # piafprisd empedimenird dhovengion| BigsTA dug plag view of

T 5 g T AT il ses,
336 can sesnmrisasa alypilitpbf arsectionaddiuchfoasarti rendingtakd 408 ofpropdddewitB32ipi s
PO o0 B L QP S R bELRAD R 25 S0BR3¢
mechani sSm@hecih£adeIhea Baib BF kteBdahs 4MIUMbREvNa dthghXERASIMNor Pet droMoB44 of
a base 346, possibly allowi ng better control of the bending and a reduction
in extensions could be used.
20 Device 400 is built to be oblique, thus, the ring segments do not lie on a straight line,
but on a wavy line, preferably corresponding to the final shape of the connection. In the
embodiment shown, the spikes are parallel to the connector axis. Alternatively, the spikes
and/or the pivot bars may be tilted or even parallel with the axis defined by the lumen of
connector 400 (this axis is perpendicular to the ring plane of the connector).
25 Fig. 7B is a side cross-sectional view of a deployed connector 400.
It should be noted that spikes 418 and spikes 408 can be designed to push in opposite
radial directions, for example spikes 408 pushing in and spikes 418 pushing away from the
anastomosis connection. Thus, the wall of vessel 130 can be radially engaged by the spikes.
Alternatively, the spikes apply a stretching force to the wall of vessel 130. In either case, the
30  spike position and force application direction can be used to isolate the rest of vessel 130 from
the forces applied by the anastomosis connection, optionally, while compressing a part of the

wall of vessel 130 between at least some of the spikes (not necessarily all from the same axial

set) and the ring-part of the spike.
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30 the volune taken up the rotation of the spike. In Fig. 6C, a spike
mechani sm 350 features a spi ke 352 nounted directly on a base 356. It is
not ed th%o\é@/ﬁ&z%'s spi ke I engths nmay be provided, wthin theseeps:0f the
invention, the spike lengths preferably being selected to penetrate vessel
130 only a desired anmount. 14 WD 00/ 56228 PCT/|1BOJ 00310 Figs. 6D 6E
illustrate a spi ke nechanism 360 utilizing two pivot bars, in accordance
with a preferrgdsesRad MRBkat®fvatib® hié@MdsRNconfe@or &didnS, & BERFIaMEL With
Mechani sm 360 has two spikes 362 nounted on a pivot bar 364. Pivot bar 364
i s itsel f Piskiist epbodimgnis Rbthe €AY bNs 368 on a second pivot bar 366. A
portion 370 Coﬂg.e&&_% m&h@i@\kf%% EQioWiot By ABEoRBSk cOHneftof SN GENREY ezﬁ:h‘?‘izl%
Fig. 6E is a side view of a deplfoyed connector 372. Mechanism 360 I s bent
twi ce, onesgmeat SP3 voofortyad oB@6plaraditiont eigatg piewents KW Bemen®hiGH amlay dwase a
substanti al | [ L.0f J. to be roduced, i.ch conforns .to the blood
vessers 1 g R &GP MG RS B e SRR el SR AT B Bk
374, whi cthenmyindveoroit ledayiikejypehan 1 drt-basedudedidaerondisted ih it urxpdcred| Bariey, ot
bar can be used to provide a wi de.range of A rotation angles, such as.

bet ween 1809ReF a%%sl,tla@?enégbﬂfa G TS0 CITANS Gtk b dacAaRRtied by t?laaﬁmﬂnémgi vot

bar is prﬁiégQﬁl%ef&fteﬂrﬁf{t%da@glle%&d@fofE&taﬁﬁét&ﬁ&ishoweve!’1 this is not
required. Figs. 7A-7B illustrate an oblique anastonpsis connector 400

utilizing a piWietSihiera plarespyrf 2 pertige ebriensstemapsis Ronnepiped & incvhiehrsdirment  of
the i by engél%%nt 529is .fc?rﬁ&eh 28 pﬂlrﬁpy t%k e e?Jmengs552%. ﬂ%obngﬁ%?ﬂggg%]ﬁ'é ef]égl%nts

Connect or conprises a plurality of ring segnments conprises a
pl ural i t y52f arapoovsdedt inonser 46 odidnchor avdiftbrdne ndinber Sprkeed@8s nmy pe avddd &at,
with ati 4? ir of backward spi kes 418 are nounted on a pivot bar

9. A
420. Bar plesthéegﬁg?oé‘f'ed from connector 400 by a pair of extensions 414,

however, a si nQeeted tagNElb@BNtQE ubdl R cOfivelRhE:, tIRXARRS cORE ERudelBReniszRd. 20
Device 400 is built to be oblique, thus, the ring segnents do not |lie on a

strai ght P9t bphat Bhamaigeahyt gifche forpsrampledising & Brline 9p rigemeNttob 2p KEIPFY- nal
shape of hREmGARNEGT dddRionhily, &ﬁ@dif@,;zppabﬂmg naggl\g% cgﬁfg%n§maﬁgssanﬁfo‘? whahal | el

to the connector "axis. Xlnternatl_ve y, the spikes /or the pivot bars may
be tilt edfcoexaymnthsardiid eflcuviatune inhisasing & adefkiahdigecbyn.t he | umen of  connect or

400 (this axis;is.perpendicular to the rin |.ane of. the.conpnectar). .25
Fg. 7B s a o Bl EALEHA PRGERr PoheBaB Gy Bl SRHECRS B 1
shoul d beexaatpésitht kgikessqfioke sorhtBoainceriepiddesitiBs spies dfa rtesiqgnedort Dhyugl i n
opposite radjal .directions, for gxanple spi kes 408 pushing in and spi kes
418 pushi ﬁ]@n wqgﬂgpﬁetsshcean e more efficient with respect to waste material.

20 Fig. 8C is a plan view of a portion of an anastomosis connector 530, in which each ring
segment 532 is formed of a plurality of arc elements 536. In connector 530, four arc elements
are provided, arranged in the form of two concentric near ellipses. At the point of contact
between an arc-element 536 and a spike element 534, a strengthening or a loop 538 is
preferably provided, to prevent stress related damage from occurring at that point.

25 Fig. 8D is a plan view of a portion of an anastomosis connector 540, in which each ring
segment 542 is formed of a plurality of recurved elements 546. In connector 540, two such
recurved elements are provided. As shown, a plurality of forward spikes 548 have different
lengths. These different lengths may be used for forming an oblique anastomosis connector
and/or for oblique anastomosis connections, as described below, for example. The number of

30 curves in the recurved element can be greater, for example, being three, four or more.

Fig. 8E shows a connector 550 similar to connector 500 of fig. 8A, in which four,

rather than three zigzag elements 556 are provided.
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anastonosi s connection. Thus, the wall of vessel 130 can be radially
engaged by the spikes. Alternatively, the spikes apply a stretching force

to the \A@,{,&Oggaysessel 130. In either case, the 30 spike pgsigeho@dns force
application direction can be used to isolate the rest of vessel 130 from

the forces applied by the anastonosis connection, optionally, while
conpressing a part of the wall of vessel 130 between at |east sone of the

spi kes (not neges&ad bk ¥pmbdiatkd o tha@uSBEE sitapk thickS&E hn@RRchdARal WB&inast of
t he spike. 15 WD 00/ 56228 PCT/1B00/ 00310 Figs. 8A-8E illustrate various

anast onosths rEgrissRens agedstegmined jbased oy draheemarhanicalphehpwpy. dypisaltho duhdeit s of
t he invenh&ggmﬁﬁigwdgﬁﬁhéaﬁﬁgkﬁﬂu&iem/of a portion of an anastonopsis
c ac

connector 500, 1'n whi ring segnent 502 is forned of a plurality of
zi gzag el enent &) BBstardimnsntsirég06e;nay have a 5 constant width or their

w dth pay vary expected benefit of ing zigzag elenents is that the
connector is I%%gu $f%?§1?H§We§%m%¥ggsggég’device to distort in an
unexpect ed man@gprovisnaifAceal pgdissdidadgepenefit of zigzag ring segnents is
that the force applied by the expanding ring can be better matched to the
needs of the aﬁ§§FBWH§F§Yﬁ?ﬂdﬁggﬁﬁﬂgcﬁ“ﬁ%éﬂw9ﬁeM/of a portion of an

anast ompsi s CORNBELIR andther bihrAMMrEHCSAGRE Fes 8 for 1P HAFEENE de@ated. f or med of
a plurality of arc elenments 526. |In connector 520, five arc elenents 526

are provided. Imadtiten tenthodibaenvariationgi the aingnsegmenbeesig naycvay eimbiees nay
be used, El%e?tg’ﬁﬁnl"s Feh'églﬁlegtlé)r fBPrﬂﬁ%@{geﬁ%gnagé%é@fggg%nélgftnélﬁ)tgSat%ﬁa%ig%

conveni ence, e actual curve of ‘eac
arc of a eclemehte, for exanple being a spline or a segnent of an ellipse. 15

Alternatively or additionally, the.different el enents nay have different
shapes and/or Wi 8tHRgere 8W£@¥5ﬁﬁ18fgﬁemVQHPﬂsmﬁpugareﬁfﬁ¥%‘¥$€F%§5Fh3win an
axi al di r egink@Br tol prednt ¥Plabl anBErdisaGh wadig fiR1 RGP, byl WOviERRNBGEsArSyieer | ap

in the raw naterial, for exanple the spikes of one connector interleaved
with the 9t TEsscopnecs npjghkoriag spike elsmenty Audpreyené themelfaim sePatAting éPogredess can

be moge effici ?Hﬁcﬁ}éﬂ &Hnéc?o?@ﬁﬁg deOroWRGE 6y BRI %ly_aéutt\il\xﬁgomaag tubBCot Shédt BleRD Vi ew
of a portion of ah anastonpbsi§ connector 530, “in ich each ring segnent
532 i s foAltediaiofelya aplobliqieicoymegfor &y forra¢dehremum fE86inglapegmmaietiaoconB8aor fndur

arc el emepts ,.ar rovi ded .ranged in the form.of t oncentric near

o Vi poes. et cpRtubli Ry hER oRRGRT e Htaleiif rPR M i R ORI ME e

el enent 5Bdformed by emghd & GuityleaNitidol 106 fax3Fample HavE ah abley dpanewr ded.3 i

pr event stress.relatedlg%ggﬁe frogloccurring at that point. 25 Fig. 8Dis a

pl an vi ewA Yt INgS PGP S siBdMYsi s connector 540, in which each ring

20 Figs 9A and 9B illustrate a connector-bending device 600, in accordance with a
preferred embodiment of the invention. Fig. 9A is a side cross-sectional view of device 600. A
connector 602, preferably after it is heat-treated to learn a new resting configuration of its
spikes, is mounted on two tools 604, each of which engages the spikes of one side of connector
602. A screw 608 is used to fix one tool 604 to a bottom base 610 and another screw 608 is

25 used to fix the other tool 604 to a top base 612. The two bases are moved relative to each
other, such that connector 602 is distorted. The two bases are then attached to each other using
screws 614 and the entire device is placed in an oven for additional heat-treating.

Fig. 9B is a top view of tool 604, showing L shaped slots for engaging the spikes of
connector 602 and an inner-threaded aperture for engaging screw 608.

30 Fig. 10 illustrates an alternative connector bending device 630, in which a same base
612, screw 608 and tool 604 are used to engage one end of connector 602. However, the
connector is distorted by inserting a stylet 632 into the lumen of connector 602. The cross-
section of stylet 632 can be any desired cross-section. A second based 634 fixes the stylet in
place and, the device and connector are placed in an oven for heat-treating.
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segnent 542 is formed of a plurality of recurved el enents 546. |In connector
540, two such recurved elenents are provided. As shown, a plurality of

forward Qﬁbﬁ@§n§ﬂ8 have different Iengths. These differeqqnhﬁgg&gﬁ)nay be
used for formng an oblique anastonosis connector and/or for oblique

anastonosi s connections, as described bel ow, for exanple. The nunmber of 30
curves in the recurved el enent can be greater, for exanple, being three,

four or nore. Fig0i1 ﬁﬁc%l@-‘é@cti@nﬁQ/W@ﬁé)%'a§%a_§jréﬂ1érﬁﬁe\ti@e TONRELESHarRd Qi@ f
fig. 8A, in which four, rather than three zigzag elenents 556 are

provi ded. 2 Peiegndoamnng et pEthel iBomtion 3Aeyiqe: 709Heurasesea bstyr EXi vad ahadlet he
nunber, s , i j i - i .are
ot or m noq” basnh PhPATRSE Aotin TEE HAIcET by PRLRRIASH: 10k 08¢ T O EaBR e

necessar i toupledhe agesor @b hariafmte roshaadle: 70 afrowctidrs T Hhidicngplst weswstbn 468,ur e;

5 (b) sufficient radia e.agai nst .ve l, 130;..,(C I ovi si.on a seal
cosi nst | EhEhgerorb Bl Bhadvnio B FolebalE T35 A AR A ol SEidRy 105 o)
pul sile and ot hespefilian,adteRfchsitn cedppliditio\hesdieloX Ricowflectd fidiey 768 8a graft
designated. In addition, to the above variations, the ringwse ment  desi gn
may vary betvideriiamaereqiograthdd2 affects thegrasuiemepietogn, o srleellinpnadgitiony

al ter nat ebedh FheAROTS, 306iA} 9ZA% bISHETRALRS ofdk B2RA BipLaEch RRAdLpENt of
the invention, structural elenents are added t0 the connector to prevent

to | arge Hnvilliberpproeiated by adierssy sibed iexthart thabgthprwapisdif agupding thesdianeten afes
that iLpte t ' rl [ t ro

separ 01 nooeng fuishEERRc SR S LR & BIF P HE KB BT e e
cutting netailstretulies odpraghiéetcambe ateventdd biesaating elsyringthanjtldgbeoeahngatior i s

formed by nmanufacturing a.perpendi cul ar connector and then distorting it
o make | SOBHY PR GRECiR L AR R 6 § BT 1S PROTHB Lo Co ey
be for medagpy &Wrtd Mdvea skt kol ti nol tube, for exanple having an outer
dianeter of 5.3 mm_ and having a material thickness of 0.18 mm 20 Figs 9A

and 9B il | ustriige Fichindbsechepdempudiedicaesi@u!s deivaycupigen beacipidpncg
pref eﬁ% ed,aah E%ﬁgﬁ eflbodifEnt! JPEMak Qfton Firda Px%ﬁénlea efhb%ﬂl‘}?enp EPﬁEi%ﬁttidno pal
600. A ably after 1t 1s

vi ew of devic connector 602, prefe . eat-tréated
to | earn singlewands 80(hig usantbipgamide vapnuofoolstts thesppakesosis beatmnnTed exemytlany
tool s 604

091 S92 el Sy TSR RS thaRl b, O a5 0%
screw 608 i s In a preferred embodiment of the invention, the tools are loaded into handle 800 from
the side of handle 800. A slide and snap mechanism is shown as an exemplary method of

20  achieving side loading. Tool 802 has at least one rail 808 defined on it and handle 800 has a
matching groove 8§10. A projection 814 on tool 802 matches a projection 812 in handle 800.
The grooves and the projection may be switched between the handle and the tool.

Fig. 12A shows handle 800 separated from tool 802. In Fig. 12B, groove 810 engages
rail 808. In Fig. 12C, tool 802 is advanced enough so that projections 814 and 812 interlock.

25 Tool 802 may be removed by applying sufficient retraction force, to overcome the
resistance of the projections, either bending them away or breaking them (for a one-time
device).

In operation, a graft 132, such as a vein, is inserted into an opening 804 in tool 802 and
exits at its open tip 806. Tip 806 with the graft on it is then inserted into an aperture in vessel

30 130 (e.g., Fig. 2). One potential advantage of side loading the graft holding tool 802 into
handle 800, is that the vein is less likely to be damaged by passage through handle 800, if such
passage is minimized.

Another potential advantage is that it is easier to mount and navigate a short vein on a
side-mounted tool. It is noted that graft mounting may be required to be performed even if the
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25 used to fix the other tool 604 to a top base 612. The two bases are
noved relative to each other, such that connector 602 is distorted. The

two baseg, n attached to each other using screws 6 1‘?186’06()'9 entire
device is (g OZcé%el n an oven for additional heat-treating. jpé B ﬁ)s atop

view of tool 604, showing L shaped slots for engaging the spl kes of
connector 602 and an inner-threaded aperture for engagi ng screw 608. 30

Fig. 10 ikLiyss &BE EhnBledlot BE BAdY, YEWRRANGS! Bbss dwgeudea&m%@b@%%ovwﬁm ch a
same base 612, screw 608 and tool 604 are used to engage one end o

connect or te0Rdy plleveay significagiolisienseor i s di storted by inserting a styl et

SR TR L I R B e

be any deS|red Cross-sec secon pl ace
and, the dewvispendakogeafnieddcrn3@re placed in an oven for heat- treati ng. 17

V\DOO/56228P /1B 1 s 3 Cross; ectional view of a

measur 8ment de ’igée%g%g ﬂuséré@o? @é?%‘bg VR 1P pgrozfé‘ha‘écc?r %ef’tﬁ\e%tljrecg‘fg’

i nvent i onembSMines: of Mk iG@eHEbhses a body 701 having a handle 702 at one end
thereof. A graft 132 is placed on two projections 704 and 710, Projection
704 is coupl edo@l@0] cpmpritss apgowsheft P fqrﬁ@@gm %%rﬁmdéhmmomsw%sttp@n 710

I's coupl egOQ g\P gca é{dgnglﬁ)ﬁrty or Mb%@ rﬁoﬁmﬁg%gbﬁ% §x fi&%h@% 1M'tﬁ‘is %xé’}ﬁﬁgry

spring 71 12 1s nount on pis operat i on,
ext ensi on embocbmeatppuu @hlert ambodmaking ﬁi@)thm ascfenplaedmt GWplcsttkme PO 80K, auc@r a:ssf t

132 i anet. aft . 132 ects e measur e

At OHEPTEE PR 4Rt e S isdnte] S dRaTY O TR o YD ke §hsr oo
graft 132niehdpisepar@tHowevtQforelits, 08 figuteh smw lonlyea sipgle deicagseid day farcgBr son
skilled in the art that o{éher ways. of coupling the dianeter of 10 the graft
to the exPOHBRgERNRISREAIoSHA hef SEAL P88 be used to the same effect. It

i's noted that F@vmm“%tdémc@go@ﬁn&rt@{hfep;l&;’slmtl@& gepevented by selecting a
spring that yields before the graft does or by selecting a spring that

even when st r elncfied! 3B ool §0isxirenidadan seale®2 drgyefh isduesderbirough ppgping §Mr ce
above 18 Sﬂft%é%fdz%ﬁ%ﬁ%ﬂts t rﬁ 8§05 Inlt%ﬁ‘ ' ! lex"f)%é&@lh%?}ra%e? 'tﬁ? eallﬂ‘r?)gp&t% ng)08 6

anast ormS| S I'ver I'n accor ahc ment
of the i nvses’nbwnnHoWava, :prelﬂe;lue eld émtmdnpieras qulg he, maybams@irupstaad sndglee

handl e 800 i.s us to p i.d us t ol s t anast onosi s..|1 ocat i.on.

Two exenpl&H9™ ¢ feg?rgepér é(?% ‘@r%{? ???dt@ol?h Eh‘é‘ﬁaesé 5P MRe € not
shown) . | BmBo@feAE R mS@m@@@lcmttoatnot Bew) wentdemiy tdhaoinal & @f 80d, eagied
into handl e 800 from the side of handl e 800. A slide and shap mechani smis

shown as Hi#t BRemWIAPYCARYERGd of 20 achi eving side | oading. Tool 802 has at
| east ,gne rail ne'ﬁg gei ishe s%6'1stbr§ﬁ§11t B@é}%eetlﬁgpgrgﬁ‘%@aﬁ@@lﬁgydnﬂ 1591{&&1Vtﬁat810

Aprojection 814 on t ool mat ches a projection 812 in handle 8
four pairs of forceps are thus closed on different parts of the graft tip.

In Fig. 13D, all four forceps are rotated using their mechanism 908, so that the graft is
everted. Preferably, all the forceps are rotated simultaneously, alternatively, they are rotated in
series. Many mechanism can be used to effect the simultaneous rotation.

25 In Fig. 13E, the forceps are pulled down, elongating the eversion length. Optionally,
each forceps pulls down a different amount, thereby forming an oblique eversion. Optionally
tip 806 has an oblique end, to support the oblique eversion. It is noted that many types of joint
mechanisms can be used to effect the rotation and pulling down of the forceps tips.

In Fig. 13F, the forceps are opened, releasing the graft and allowing tool 802 to be

30 removed and inserted into handle 800 (if it is not already so inserted.

The inventors have discovered that when a vein is everted obliquely, that is with the
everted part having different lengths along the circumference of the eversion, the everted vein
tends to bend after a while, in an attempt to release the strain caused by the uneven eversion. In
a preferred embodiment of the invention, this mechanism is utilized when forming an eversion,
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The grooves and the projection may be swi tched between the handl e and the
tool. Fig. 12A shows handl e 800 separated fromtool 802. In Fig. 12B,
groove 81, gp&asaes rail 808. In Fig. 12C tool 802 is adghggdeReHgh so
t hat projecﬁ?ons 814 and 812 interlock. 25 Tool 802 may be renoved by
applying sufficient retraction force, to overcone the resistance of the
projections, either bending them away or breaking them (for a one-tine

devi ce). dvanapRgat hdobligughadstond3R, devitehwab tige eil0 that $hel HARTARs iaftbiOthan
opening 804 in tool 802 and exits at its open tip 806. Tip 806 with the
graft on BSPROFREFOMRI&S% ed into an aperture in vessel 30 130 (e.g., Fig.

2). One pot entplgl 1@?4“1@1@&@@@ tlﬁfofsd fi§e po%g@gtoBh%b(g rxﬁ-faéco}?@ingé RGht LRlerBQ4 1 NtO

handl e 800, is that the veinis |ess damaged by passage

t hr ough hemnlilden@00f thefm\@u@ctrn Tpasidagkthe :ﬁgmerﬁ@ Hicdeftiof thaaxik elrowschenp pa¢r to
advant.ag i-er L ; [ in .o
s L R T R S L
per f or nedisev@pletell. t he 18 MD 00/56228 PCT/ 1 BOQO 00310 vein is stil

connected to the in.which ¢ ossi bl the ve enoved
FomeCt be bodyheh S5 corspristh b dndif B84 wBPE e il e S8008hL S T
correspo nﬂnerftgf 9%@%&&&@@ g iAeMi HoR ASREsel M3(-hidt thén tiPII5H id tRa&OP After
correspondlng raft holder 136. 5 Figs. 13A-13F illustrate a graft

eversi on lioamngqo@ %ohe ringid Q8 dsapdiancgdt ntih vessel B0y ie $n2egeB 4 héenressiont g8 in
i nvemid OMynvil %Ll ﬁ%ﬁes@ﬁ%@k ??e?eégbl? ?E Mn Iﬁfétitméi%%%?_ f@Jttlﬁ??Ql%g H58 ?s agfo?sifird

delivery tool as too | ura orceps
nmount i ng ;pmﬁtmt Bavaxidla {efioeed 1srtfeommemrttlhut$s mlﬁpthan yhe celmdncd@hmmmof theudidastaiier

enbodi nent s _ma as few a [ee o u 0 five
or oty dsperarngry TS R Rng gt S it SR BhL RN e et fiedon
using a fQdeeps andBeh@h os FuBAS.tuddoyey &Y berfedit of ik idkyign ihthefeBtiveSaxth@m only
a single forceps in one forceps nmounting nechanism Also, graft 132 is not
shown. Fi§lerarges, ahisng abeileasr do0 et PB?U%% Phe o Bicasond %me%%ﬁ sogrgpoint

Fig. 13B ofifle 9892 i s provided in shaft 902. A graft is provided through
opening 804 15 in tool 802 and out of its tip 806. In this figure, a

per pendi cul ar ,Pungh rechanisam 9 Hhcasbbd epae fer hptigesighit and lpbligiue qubsnby evaryingnthe

obl 0t !By hgRLgIR £atp bR ostZ, ey oo voed Instcad andthe |
on the emnbodi Iﬁartyplcamomp&mtbymmsooemm,eﬁ)t i héagta gsdfoisrajtachey t@bnr aatyanbe
mount ed Orplen toa (‘,80(13'(?na1'}§ 96%?61 A similar procedure may be used in other blood vessels, for example

20  the femoral artery. A punch mechanism 950 can be used for both blood vessels. The graft may
be, for example, a vein or artery from the same or a different patient. Alternatively, a xenograft
or a synthetic graft may be used instead.

The above description has focused on end-to-side anastomosis connectors. However,
the above described features can also be applied to side-to-side and end-to-end anastomosis

25 connections and connectors, for example replacing bending spikes with single or double pivot
bending spikes. Additionally, the above described spike and ring segment designs may also be
applied to hole closure devices, that radially contract and seal a hole formed in a blood vessel.
Such devices may include only "forward" spikes, to engage the blood vessel, at its side or at its
end.

30 It will be appreciated that the above described methods of vascular surgery may be
varied in many ways, including, changing the order of steps, which steps are performed inside
the body and which outside, the order of making the anastomosis connections, the order of
steps inside each anastomosis, the exact materials used for the anastomotic connectors and/or

which vessel is a "side" side and which vessel (or graft) is an "end" side of an end-to-side
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that the vein everted over it. 20 In Fig. 13C, forceps 906 is brought over
the tip of graft 132 and closed. It is noted that four pairs of forceps
are thus hesedon different parts of the graft tip. In Figersbdbloospé! four
forceps are rotated using their nechanism 908, so that the graft Is
everted. Preferably, all the forceps are rotated sinultaneously,
alternatively, they are rotated in series. Many nechani sm can be used to
ef f ect t hanastonmabit eredetS in ¢ alctionicalambadithergds, tHedbeativhef f/mcme piemante nfaktlbk ed
down, elongating the eversion length. Optionally, gqach or ceps puIIs

own
a_di f f er eRtIEADUHEIO Fepdb? Rt th J1sGi9p TG ar PRI ‘ﬁmb&ﬁ%ﬁ‘&ﬂ for thej p
806 has aq.eh écgeen ﬁleqtoletﬁnwﬂgewme% hgd Qbitélmgeth@mﬁfg%mén&s fo?n&gﬁl%dm%hat
many types of joint mechanisns can be used to effect the rotation an

pul | i ng doemenss where rélafiveapeionipsequired. [y gdditi@ra mulieplicsy oéparioas éabypesnbeih

rel easi ng 0 ed
into hand?itrggtag({ %{(# fa(iégllcgJ }lrllag'}témbg r&eeg ybegoﬁlshé{g?? eé&qﬁ‘{ﬁg&)%‘gpdl o%g{ %Eﬁ{%

di scover entay Ivatcontbéred ainvdiferents weyserih quirtolar,quel a7l tehi@btuies showh dbbee irewert ed

part having.different | engths along the CI cunt.er f the ver5|on t he
bvert ed VR gr SRS ATSTD B S LEY ROV PETa HIEAHT A RROT b oF BF A8 The
strai n capggdr,RYmbhatisHReV el YRS £h@fes atdnlsAcdpkiaéed ek wikaddRbte &fsombe
invention, this nechanismis utilized when form ng an eversion, =19 WO

00/ 56228 PEFAEBCHPOGTEDLS Qf\iBs ITISIHRY- A1 REALIEB 1oiseotaha Seaswss 05 theeifv EIon v t h
the resul festial fdign 9 fﬂse VRS TR E it i raﬁ@amseasm adr dﬁ%@mh%@her Fig.
14 illustrates atip o oepuncmgto? 0, In accordance wt

pr ef er r edpretenbd dinhrediments Otf e invangint.i Tm pamlaslgd@nctﬁc ﬁMSfusgbroeﬂlmratdwmel ef t
of the axis Q the ti ri.or al.e nchin i.de .of. the
figure conrreR aboGe! theRbiufbs thuude PRaSPUOEI BPo PR e pgn T indsl

conpl et edforrF?urtbh e}%ﬁ)lé;(wmfd sefcuir ane¢hlis Siedvrang otver etibediments tah G alt uben 952.
Pr ef er abl ﬁ inner tip 956 is used to forman initial hole in
vessel 130%Aguse en tip 956 is retracted. After forming the hole anvil 954
i s adyanced unkjsh wWRsS@E sé'éfb@ of $SheeiAgased a@’s@g@zﬁﬁcﬁt@%@ﬁ&ﬂn@lﬁ@e 5dts dOmadvd |

954. Depression 958 preferably has an inclined side 962. Cutting tube 952
has a fordwigs oerlle ofr Haakitg 2asingldueed Fmpalernugibametl egnasioniosis scogpedtioes: t han
t he outer [ t ube
952 is adl\\/dglr‘\s?e e%\E/Seagés {00%5(8%0?%?\&{11% Sf ﬁﬁ;ﬂrﬁ elgs?]lge ému%r p%@%“ar %E‘{ h@gtl p
of cutti ng(abmbaas%@nenﬁs bgriefl i willofary hdepenkisg gm ths dppicatehatWhea hmlnhythef

é?;ﬁ;ta gfeg)]ll aﬁllg:sc blg’l ﬁfn tt%%nslop crg)grgp(glgl%sagﬁé?nrpngfngp,utmch? st Y 1neclu%613r(1)0 rToB'rtt e ?ie

20  means "including but not limited to".
It will be appreciated by a person skilled in the art that the present invention is not
limited by what has thus far been described. Rather, the scope of the present invention is

limited only by the following claims.
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Punch mechani sm 950 can be used for both straight and oblique cuts, by
varying the |ocation and/or slope 962 of depression 958. In a typical
conpl et e Y PSS Pr ocedure, for the heart, a graft is attaghgGghfo@dip aorta
and then to a coronary vessel. A simlar procedure nmay be used I n other

bl ood vessels, for exanple 20 the fenoral artery. A punch mechani sm 950
can be used for both blood vessels. The graft may be, for exanple, a vein
or artery fromthe sane or a differemgLomgsent. Alternatively, a xenograft
or a synthetic graft may be used instead. The above description has focused
on end-to-side anastonpsis connectors. However, the above descri bed
features gan a%ﬁ%ngﬁnﬁﬁwédﬁk&&?éi @sihg- Si de and end-to-end anastonosis 25
connections and connectors, for exanpl & replaci ng bendi ng spikes with

si ngl e or doubh @hpiluptof begdiegyepi thegher Adining enatially expandaljovmedds shised
spi ke gnd ri.n §§%gent designs may also be applied to hole closure

devi ces, Pﬁﬁ? ?é1|£r|y contract and seal a hole formed in a bl ood vessel.
Such devi ces mayledsnedeisieotdat goupled toraneist egiok edd rihg sengageadde bl ood vessel
at its side oragt its end. 30 1t will be ap reciﬁted t hat. .t he above
described met h¥fdsasbPne e Fronted ap gif pivioh farsad refafable graupd saidpivlRrs,
including, chap@R hitg RrEshHN oShRNShe- M KRy SIRP BoBuBstRffalIQ UFBdy Agtide

t he body and which outside, the order of naking the anastonopsis

connect i ofgd spikeratatigesl nesitiost eps i nsi de each anastonosis, the exact

materi,al s used for the anastonotic connectors and/or which vessel is a
"side" side and which vessel (or graft) is an "end" side of an end-to-side
20 WO 00/ 36228 ARGhh¢dBR0cOQBHG to atest lonmdsrein rdtatidnhefi the ipivat ther ivenéchanicaly
enbodi nments, the .| ocat. of varipus elenments may be sw tched, w thout
exceedingd?ﬁ@pfgﬁPF”B@aR%@”HPEQF9&m&§iﬁéﬁb%xanple, switching the anvil for
the cutting edge in the hol e-punching devices and swi tching the noving

el enents for non-noving elenments where relative notion is required. In
addi tion, 3a nuftGopRscEarageasding & ¢las2. reereiR edd alsish OB BIVOLRSE RYBPIASEE 2ldFas

devi cqg Naye,REEHdSHfeldiPEHd al |basP BRUEk IS RRRESCH ALY hBBE st hilv6! B and
features may be conbined In different ways. In particular, not all the

f eat ur es s#idirst aboveariiymauntgdhert fhe athar pigetdedi ment are necessary in every
simlar preferred enbodi nent of the invention. Further, conbinations of
the above features are also considered to be within the scope of sone

pr ef er r ed 4enbodi somnéSoradccdimgitoeiith i10wheldein euittlitt ledsn ons epike of pditted fevatdsr es
of the invention 10 described herein may be adapted for use with prior art
devi ces, PHIZBEEKASMPE with other preferred enbodi nents of the invention.
The pagpticul ar geonmetric fornms used to illustrate the invention should not

be considered limting the invention in its broadest aspect to only those
A connector according to claim 1, wherein said at least one spike is pointed away from

said ring-like shape.

6. A connector according to claim I, wherein said at least one spike comprises at least
25 two spikes, each mounted on a separate pivot bar, wherein said spikes point in opposite

directions along an axis of said connector.

7. A connector according to claim 1, wherein said connector is designed such that said at
least one spike remains outside of a side vessel in an end-to-side anastomosis.

30
8. A connector according to claim 1, wherein said connector is designed such that said at

least one spike enters a side vessel in an end-to-side anastomosis.
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forns, for exanple, where a circular lumen is shown, in other enbodinents
an oval lunmen may be used. 15 Also within the scope of the invention are
sur gi cal \%bto@s&’?%cr‘ include sets of nedical devices suitalbedpbost®Ki N a
single or a small nunber of anastonpbsis connections. Measurenments are
provided to serve only as exenplary neasurenents for particular cases, the
exact neasurenents applied will vary depending on the application. Wen
used in the fallPnede &caidif, tof figint @1 WhercGOSAM ipB@% bar 1<CEHAMrised MY'a, spike
"includes", "including" or the like 20 nmeans "including but not limted
to". It welemenle appreciated by a person skilled in the art that the present
invention is not I|limted by what has thus far been described. Rather, the
scope of the present inventionis limted only by the followng clains. 21
WO 00/ 56228 PCA/doBO{dd@8kddinCloAdmB 9, . whareiasrad spohosEmemenmeusas ityo oppasimigsi ng:
a plur gl i té of ring segnents, together defining a radially expandable
ring-1i ke® h%fpe 5 having a lunen; at |east one pivot bar coupled to at

| east one of said ring segnents; and at | east one spi ke mounted on said

pi vot bar and rotatable around said pivot bar, wherein radial deformation
of said rilhg- | PkePNSRGNe 2FOEENH R CBst: aMbsTan| $pidSPike (SR FRIEHCONIEES Vi ke
rotati onahgy;pQst fihPRemtfhs2. A connector according to claim1, wherein
rotation of the pivot bar is nechanically decoupled fromradial
deformation of ring-like shape. 3. A connector according to claim 2,

wherei,p sahLd a o ' I.ses. 2l.e - | VO rs,
whor o'y satd af TRERogREBlNTb B SUIRLT STy inet 1o SRR Ko
bars and siagledinkietenienpi vot bar is nmounted on the other pivot bar. 4. A
connector according to claim1l, wherein said at | east one spike is pointed
towards said ring-like shape. 20 5. A connector according to claima1,
wherein sagd ap doBAstor@B& &Rk ke cln POWRrE salaay Idaktife spkiethas h Big-alihgtel ehape.
6. A connector according to claim1l, wherein said at | east one spike

conpri ses penetipieadylood vessel.

15
14. A connector according to claim 1, wherein said at least one spike has a tip adapted to

lay against a blood vessel without penetrating it.

15. A connector according to claim 1, wherein said connector is heat-treated to have said at

20  least one spike perpendicular to said ring.

16. A connector according to claim 1, wherein said connector is heat-treated to have said at

least one spike parallel to said ring.

25 17. A connector according to claim 1, wherein said connector is heat-treated to have said at

least one spike bend.

18. A connector according to claim 1, wherein said connector is heat-treated such that said
at least one spike does not bend.

30
19. A connector according to claim 1, wherein said connector is heat-treated such that said

pivot bar is twisted.
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25 two spi kes, each nounted on a separate pivot bar, wherein said spikes
point in opposite directions along an axis of said connector. 7. A
connectorwa%)gfzqg ng to claim1, wherein said connector is gesigfRtkiguch
that said at east one spi ke remains outside of a side vessel 1n an
end-to-si de anastonosis. 30 8. A connector according to claim1l, wherein
sai d connector is designed such that said at |east one spike enters a side
vessel in2an end-ohfectirdcAias tONRR 5. wikieiN6hidQbaRe3BisMedi trdaeds003the: Rid A
connector according to claim1l, wherein said pivot bar is conprised in a
spi ke el ®hihbar igmot tisednnect or according to claim9, wherein said spike

el ement conprises two opposing 5 spikes. 11. A connector according to
claim9, wherein said spike elenment interconnects two adjacent ring
segnents. 210 12 coAnewemresctrdingdc cbiurdilpghemincsaad pavel barhe methm maidalspiekeof

el ement. is.. tiagﬂed to only a single ring elenent. 13. A connector

accor dPng “88 "eE AR 2P wher ei n said at |east one spike has a tip adapted to
penetrate a bl ood vessel. 15 14. A connector according to claim1, wherein
said at |east one spike has a tip adapted to |ay against a blood vessel
Wit hout péhet r &t FHgeGter acterding OB E br VRSB ARy VeIPE 15 S HRsEtef@isiedks ai d
connect or ;i Reakaili FigdligdsHape.Nave said at 20 | east one spi ke perpendicul ar
to said ring. 16. A connector according to claim1, wherein said connector
is heat-treated to have said at |east one spike parallel to said ring. 25

17. A .connegctor i ' , el ' nnegk or |
neat - tPoarad 1o RagRedPirlfe o Bl b BELEL R0 RARGAEL, Ll egtent of
accor di ng stid rimgdikensiapewher ei n sai d connector is heat-treated such that said

at | east one spi ke does not bend. 30 19. A connector according to claiml1,
wherein said connector is heat-treated such that said pivot bar is

tw sted. 24 A connector according to claim 1, wherein said pivot bar is comprised in a pivot
mechanism.
15
25. A connector according to claim 24, wherein said pivot mechanism 1s directly mounted

onto at least one of said ring elements.

26. A connector according to claim 24, wherein said pivot mechanism is coupled via a

20  single extension to at least one of said ring elements.

27. A connector according to claim 24, wherein said pivot mechanism is coupled via at

least two extensions to at least one of said ring elements.

25  28. A connector according to claim 24, wherein said pivot bar is coupled to said pivot

mechanism via a hinge at each end of said pivot bar.

29. A connector according to claim 28, wherein said hinge comprises a thickening of said
mechanism relative to said pivot bar.

30
30. A connector according to claim 24, wherein said connector comprises a plurality of
alternating ring segments and pivot bar mechanism and wherein said pivot bar mechanisms are

axially staggered, to allow a greater radial compression of said ring-like shape.
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23 WD 00/56228 PCT/ 1 B00/ 00310 20. A connector according to claim1l1, wherein
said connector is heat-treated such that said pivot bar is not tw sted.

21. A conpgehRE@ccording to claim1l, wherein said pivot bakpighobdihi N an
axi al extent o 5 said ring-like shape. 22. A connector according to claim
21, wherein said pivot bar is substantially centered relative to said ring
| i ke shape. 10 23. A connector according to claim1l, wherein said pivot bar
i's outsidgian axdoghectttaddirdifd to Gaind, Whe@id dakkpishiapeis s@dightA connect or
according to claim1, wherein said pivot bar is conprised in a pivot
mechani sm 15 25. A connector according to claim 24, wherein said pivot
mechani smsbs diAr @GhdcYor TRHREiRE 1o QAROL, dhelcBASTd ARG baf is PRIcH Wild\rafghgment s. 26.
A connector according to claim 24, wherein said pivot nechanismis coupled
via a 20 single extension to at |east one of said ring el enents. 27. A
connector ,accordi k: 4. -wherein. sat d .pi . nismis coupled

Vi a atI3 Igg'st m%)ﬁg%%ogﬁgéloggﬁgé %OCI%M’QS{&%%?%?&?% 15%?%3 el enent s. IC2)5 28.
A connector according to claim 24, wherein said pivot bar is coupled to

sai d pivo% ne%g?nisn1via hi n e“ﬁ% ggch end of sai.d pivot bar. 29. A
connect or S&ccof PR 2640 1A$ Plalfle OIS BRHS 1ERAR?5%Yes a t hi ckeni ng
of said nechanismrelative to said pivot bar. 30 30. A connector according
to claim 24, wherein said connector conprises a plurality of alternating
ring segnBfts Arf@nNpRciRsacadngioctham nvasrgingdmar ey ladipitess pasigularyesigini sns

are i a I r radi conpression of said
ring- ﬁ?kek%%gﬁgg%hﬁ%mdéﬁ%gdﬁ5@“&%’?‘%10%%6%80&%%}&6%% A connector according
to claim1, wherein said pivot bar is straight. 32. A-connector according
to claim wherein said pivot bar.is.piece-wse strajght. 5 33. A
connect or “Gocordi HYeTs ST RIMEL GG arh "BEER G oEBaPTF SORWR RS Erela

connect or aaggording to claim1, wherein said connector is packaged.
15  37. A connector according to claim 35, wherein said vessel type comprises an aorta.

38. A connector according to claim 34, wherein said packaging indicates a particular vessel

size for said connector and for which said connector is adapted.

20 39 A connector according to claim 34, wherein said packaging indicates a particular vessel

wall thickness for said connector and for which said connector is adapted.

40. A connector according to claim 39, wherein said ring-like shape has an axial extent

smaller than said wall thickness.

25
41. A connector according to claim 34, wherein said packaging indicates a particular
connection geometry for said connector and for which said connector is adapted.
42. A connector according to claim 41, wherein said geometry is a side-to-end geometry.
30
43. A connector according to claim 34, wherein said packaging indicates a particular

oblique angle geometry for said connector and for which said connector is adapted.

25



35. A connector according to claim 34, wherein said packaging indicates a
particul ar vessel 10 type for said connector and for which said connector
i's adapW00/$§2 A connector according to claim35, whereigeiabgoo¥Rssel type
conprises a fenoral artery. 15 37. A connector according to claim 35,
wherein said vessel type conprises an aorta. 38. A connector according to
claim 34, wherein said packaging indicates a particular vessel size for
sai d conpect of c@ﬂ@cio?racé’m&lﬁg 1S @lafhn qo%ﬁ?etlﬁ)rsallisat 30aPbedspik0is3&i ofke GRARMECT OF
according to claim 34, wherein said packaging indicates a particular vessel
wal | thuﬁmnesgﬂﬂkﬁ0ﬁ§md¢0wmwﬁéctor and for which said connector is adapted.
40. A connector according to claim 39, wherein said ring-1like shape has an
axial extent smaller than said wall thickness. 25 41. A connector

accor di ni45.t 0 Al@inertddaccuddargad nlagail dwipacikagicay ohadi wat eg gpents conpraes
connectloa gfonetr%‘for sgld connector and for which said connector is
adapt®d. 2 Al U axiRl¥ sRAcedBEBP i ng to cl ai m 41, wherein said geonetry is a
si de-to-end geonetry. 30 43 A connect or accordlng to claim34, wherein
sai d packagi ng indicates particul ar oblique anq ?eonetry for said
connect oft- and® fcornegier @ﬁ:ogcanﬁ t%éhn@ééowhﬁ@ma@&bf@aa ity gF glemgnis sempyses at

PCT/ | BOGLAO310. 44nefs CONnect or according to claim1, wherein said at |east
one spike 1s cut out of an opposing spike of said connector. 45. A
connect or accordlng to claim1, wherein at |east one of said ring segnents

conprjs Iur lIy ced e onnect or
accof dd| n@ to ‘% 1 § 04?5 ac%ﬁgp%l e sagﬁl u?rgin W 8 nFlraﬁ}ér?g% ersnelétg OrPSEs At

| east thegerelrererhs. 10 47. A connector accordlng to cIa|n145 wherein
said plurality of elenents conprises at |east four elenents. 48. A
connector according to claim45, wherein said plurality of elenments

conpri segg at Alc%ﬁ[%ctofr'a&?orﬁhgrﬂ@ma?m 4$5w&enfsa@<pﬁmeaqﬁ§%f dRaRAY dfhpligsCdai m
45, wherein all of said plurality of elements have same geonetry.
least five elements.
15
49. A connector according to claim 45, wherein all of said plurality of elements have a

same geometry.

50. A connector according to claim 45, wherein at least two of said plurality of elements

20  have mirrored geometries.

51. A connector according to claim 45, wherein at least one of said plurality of elements

has a single curve geometry.

25  52. A connector according to claim 45, wherein at least one of said plurality of elements

has a dual curve geometry.

53. A connector according to claim 45, wherein at least one of said plurality of elements
has at least three curves defined thereby.

30
54. A connector according to claim 45, wherein at least one of said plurality of elements

has a varying width.
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50. A connector according to claim45, wherein at |least two of said
plurality of elenents 20 have mrrored geonetries. 51. A connector
accordlngyé & m 45, wherein at |east one of said pluralddyggboegiEments
has a single curve geonetry. 25 52. A connector according to clal m45,
wherein at | east one of said plurality of elenments has a dual curve
geonetry. 53. A connector according to claim45, wherein at |east one of
sai d plurgd.ityasebn@lc@Roéctdinfas cRim l48asheleiy 88 o€ Wiy PRurdlRf ioheRn{cheabya 30
54. A connector according to claim45, wherein at |east one of said
plural i t yc@ftagleidht s has a varying width. 26 WD 00/ 56228 PCT/|BOQ 00310
55. A connector according to claim45, wherein all of said plurality of

el enents have a constant width. 56. A connector according to claim 45,
conpri si ngp.a sztucalimcad'r s&oplatg torlagh dfevmpaising aponintdissipatidh @i@nmatémintaif at

Ieast ne_of nt. ta rin ment
ot P acrdetBy e Rl BT A pOR BedBir Tn®r SPRF HehRull et Sl NS PaT 1
diSS|pat|anwEanent conprises a thickening of said axially spaced el enent.
10 58. A connector according to claim57, wherein said thickening defines
an aperture. 59. A nethod of everting a bl ood vessel, conprising: engaging

a tip of said z\(%51%%kto@5cc€rdi&ﬁglt6%|ldlﬁq)660\fvhe96lh@518 s&éﬁk‘i‘i‘s‘él h&@n abh&inbepsnss; 15
inverting said tlg g¥ i nverting said points; and pul Ilng said inverted
§a

poi nt's t olkeakaringo aiallyrsgacstl ekeaiedt- bl ood vessel . 60. A nethod according to
claimp9, wherein said plurality conprises four points. 20 61. A nethod
according to claim59, wherein said engagi ng conpri ses engagi ng using
forceps aftl whéreimecwaraordngeiciang S¢ompreis esd tlotiahinggleSmdscnfaperoeps. 62. A
met hod according to any of clains 59-61, wherein said pulling conprises
pulling different ones of said points different anounts. 25 63. Apparatus
for graftseversginpmodforavgtiad & blRYEesdel Sdbidrisiiavi ng a tip, conprising:

engaging a tip of said vessel at a plurality of points around its circumference;
15 inverting said tip by inverting said points; and

pulling said inverted points towards a distal end of said blood vessel.
60. A method according to claim 59, wherein said plurality comprises four points.

20 6l. A method according to claim 59, wherein said engaging comprises engaging using

forceps and wherein said inverting comprises rotating said forceps.

62. A method according to any of claims 59-61, wherein said pulling comprises pulling

different ones of said points different amounts.

25
63. Apparatus for graft eversion of a graft over a shaft having a tip, comprising:
a handle for engaging said shaft;
a plurality of forceps arranged to engage a tip of said graft where it protrudes form said
shaft; and
30 a plurality of joints, each one associated with one of said forceps, for rotating said

forceps pulling a tip of each of said forceps axially along said shaft.

64. A method of measuring a graft size, comprising:
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a handl e for engaging said shaft; a plurality of forceps arranged to engage
atip of said graft where it protrudes formsaid shaft; and 30 a plurality

of joint ne associ ated with one of said forceps, f E8Rk{gng said
forceps gvu?ﬁ?%gzsg tip of each of said forceps axially al or‘fé%é‘a% shaft. 64.

A method of neasuring a graft size, conprising: 27 W 00/56228
PCT/ 1B00/ 00310 nmounting a tip of said graft on two extensions, one

ext ensi on coupheehting aifSEf daltideraf @n tRHRxRXIIERS bexéaidPhedupied & NagitHetind
mani pul ati ng said handl e such that said extensions separate; reading a

measur enePi¢ GNE8 ceyndeddoddreliet o sai d spring; and 5 sel ecting an

anast onosi s CORNBGHNN S GRANGE ¥EehtRarSaldxl-RathsEaARMECMENt . 65. A met hod
according to claim64,” conprising further mani pulating said handle to

stretch said greading & mgasul@ned6on Asdats] coupladéchsard spoogpnidsi ng: a sharp tip for

formng a puncture in a bl ood vessel ; haft havin varyi ng di ameter and
havi nga dopr cEUF T RoPrbREa  ERe s Sey b e BED o
vessel, said diameter substantially matching a dianeter of said tip at one

end of the_ shaft, said dianeter increasing awa romsaid. tip far first
di st ance hd S Hethad aefoxfas 4o %%nﬁ“‘de@mﬂ%ﬁﬁga&g{%p@m&?ulaﬁl% A Hiapge 1o
di amet er R0 R sa f@p. depression; and an outer tube nounted on said shaft

and having a tip, said outer tube having an inner dianeter of said tip
that is in a range of diameters defined by said slope of dimnishing

di aneter s« 20 caording to claim66, wherein said tip of said
outerwteub%ﬁhasgéogﬁélF%gQgﬁpg%ﬁgdi aneter that a nore proxinmal portion of

sai d out er t ubeshafiBipXoptmnhera monctorednndgldod vebsal;m 66 or claim 67, wherein
said dimnishin gi aneter slo S %gl i guel y, arran around. sai d shaft. 25
66. A method df SFOPAY R *AR OH o HUE L aRe S P e Ra TR PESIRPT SrgnE
provi di nga Waﬂ@!ﬂsﬂ@%i@d@e@.@?@ii@ﬂﬁﬁieﬁqr@@mb%’ inai¥BiBtal (igm&al 6F eRNpeaiee in a
restraint; manipulating said restraints to deform said connector to a
desired d"éljir elothgfshaft, said diameter increasing away from said tip for a first distance and said
15 diameter then defining a slope of diminishing diameter towards said depression; and
an outer tube mounted on said shaft and having a tip, said outer tube having an inner

diameter of said tip that is in a range of diameters defined by said slope of diminishing

diameters.

20 67. A puncher according to claim 66, wherein said tip of said outer tube has a smaller outer

diameter that a more proximal portion of said outer tube.

68 A puncher according to claim 66 or claim 67, wherein said diminishing diameter slope
is obliquely arrange around said shaft.
25
69. A method of forming an oblique anastomosis connector, comprising:
providing a non-oblique anastomosis connector;
mounting said connector in a restraint;
manipulating said restraints to deform said connector to a desired degree of
30 obliqueness; and

heat-treating said connector after said manipulation, to maintain said distortion.

70. A method according to claim 69, comprising heat-treating said connector prior to said
mounting, to train a deformation of a spike portion of said connector.
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30 obliqueness; and heat-treating said connector after said manipul ati on,
to maintain said distortion. 70. A nethod according to claim®69, conprising

heat-tre@&iog/g?ﬁéai d connector prior to said nounting, to ﬁ‘?@%@% 310

def ormat 1 on a spi ke portion of said connector. 28 WO 00

PCT/ 1 BO0/ 00310 71. A side nounted delivery system conprising: a handle
including an opening in its side; a graft delivery tool adapted to fit

t hrough said opening; and 5 a groove and projection nechani sm slidably

i nterconnecting said tool and said handle. 72. A system according to claim
71, conprisi nd SiednApiqdgielvVene S SHPHFNGXi al |y fixing said handl e
relative to Sghﬁdtlé)iﬂlzludigg an opening in its side;

a graft delivery tool adapted to fit through said opening; and

5 a groove and projection mechanism slidably interconnecting said tool and said handle.

72. A system according to claim 71, comprising a snap-lock mechanism for axially fixing

said handle relative to said tool.
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