1 0 SEP 2003 LOW PROFI LE ANASTOMOSI S CONNECTOR RELATED APPLY AT G883 Thi s
application is a continuation in part of PCT applications PCT/I1L99/ 00284,
PCT/ 1 L99/ 00285, PCT/1L99/00670 and PCT/1L99/ 00674, the disclosures of which
are 5 incorporated herein by reference. This application is also related
to a PCT application filed on even date in the international bureau as a
receiving office and having a title "ADVANCED CLOSURE DEVI CE' and an
attorney docket nunber 088/ 01356, the disclosure of which is incorporated
herein by reference. FIELD CF THE INVENTICN 10 The present invention

rel ates to anastonosi s GEHHPR =GBH§CvNNECHﬁHstonDS|s connectors
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having a | ow profile. BACKG?QJN&%EEI:&lJLW Various types of

anastonosi s connectors, for connecting vessel s, have been
suggest ed in th&har tppliddioOne adeoatvbatdn of pgomE RﬂTna@dibzmﬂoss iP§Tﬂh%i/00284,
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to prevent @Q@%@Rﬁ QE]V&@E" andgpabpaey gockst nmberé?@ﬁfw%sthedmdpwm piowhighuiser
elastic or § atBERRL Y bPRRRgee. | t 1S noted that elastic, super-elastic and
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el ongation that the nechani srHlERR QBTHENVENHONain. Wth plastic

def or matp ons, t h@e bRAMA Mdentidn fe'la‘i@stt@ 6habBYmb e confRRBEId Rl pPRIGNA M &fimds@l | ure.

I n general, t he range of materials (and their mechanical ‘characteristics)
avai | abl e f‘i?rnmicf?ﬁ%ﬁ?l&f‘ll%‘hprP@eqU| te limted, due to bio-conpatibility 25

consi derations. US patent mﬂéijm%&ﬁmvﬁmﬁcﬂ sclosure of which is
i ncorporated he i.n b ference, describes a plastically deforned

anast onosi s devi @Emfs 350 IGUOTROS IS HREFeS 1T s 195 AULpLing i hipashvessels; e Ysasel  and

an everted gggdied inftheartlevi ce conprises a solid ring having a plurality of
forward,spi kes d | urality of backwards spikes extending axially from
the ri ngg Forvva?%es‘ga"@’ﬁﬁkgé S‘@:ﬁ EOTPEGIQRR, & S o Uf.')“%fpr?ttf'}% et SYFEFt and
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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  clastic, super elastic or shape-memory based. It is noted that elastic, sﬁper—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

danger of mechanical failure. In general, the range of materials (and their mechanical

characteristics) available for implantation is quite limited, due to bio-compatibility
256  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 erigage the target side vessel from
inside. Backward spikes do not need to pierce the graft and engage the target vessel from its

outside,



outside. 1 1 0 SEP 2003 SUMMARY OF THE | NVENTI ON An aspect CDBEQOEQB
preferred enbodi nents of the invention relates to providing a pivot bar on
whi ch a spi ke of an anastonobsis device is mounted. In a preferred

enbodi nent of the invention, the pivot bar is not part of the mechani cal
structure of the connector, allowing the 5 spike to deformindependently of
the deformation of the rest of the connector, even if the " device
deformation is not restricted by a nold. In a preferred enbodi ment of the
invention, the pivot bar is used to provide apply sufficient force to the
spi ke, without requiring a SISUMVARIOF TERGNVENTION US. Thus, a device
whose profile conforns {30 t he bl qod E\@ssel S tEej ng .connected, . can pbe
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nove, and, espeegiredided, Suchaeivgt bdrcarckapragdadnior spikes frapmpmevde blodbdvessel or

orient atiooantﬁ%%hV.% 4o the vessel. In other enbodinents, restriction of
the graft notion an 7 or extension direction may be desired, so an 20

ext ended connectdlovnerpiilsés yselinadervardripite pf @t enasteniosnisonkciarbr efmplht
invention, addutaRionIPHEcRhedibfariof AauldiRddbnchor conﬁ&tfﬁ']cg@%mﬁ@ﬁgds?ﬁlﬁlhley

allowi ng for greater force a%pl ication at sonme bending positions of

pi vot bars. 1} Fedrepre iRk elthe spudriredtr armplndo imHyienlly apacagrehifesbilisount ed

on a pivot Bad/dr tb preévilt inadPerRik dahagihd 6f ARIST dubrubl UMY ERigAd) 20PPPRIENY Spi ke

is formed. I.n.a preferred enhodi nent of the invention, a connector

conpri se¥ aJFYigrgoaxiasa bgmop gy pravided by Aexdhlamespsdueias aCaBeEpi kes on pi vot

bars. Preferabl yandikee piential advaitagd OF @S prafiR desibid @ 8 danel ks Addesicl Ot

bars are angl ed,.. al ¥ﬁ1\fl1‘m na% glﬂbett r radial c,grrpr%ssi n of the  connector,
dhHAk et

during i nsert o P! g e 1R Fei e VEREH ¢ Z&f gpn move, and, especially,

the graft can assume a non-perpendicular orientation relative to the vessel. In other

embodiments, restriction of the graft motion and/or extension direction may be desired, so an

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. Preférabiy,
these pressing spikes are mounted on pivot bars, to allow a large force to be applied, without

2



30 An aspect of some preferred enmbodi ments of the inventiqgn]r&fatgg3to an
anastonosis connector for a side to end anastonosis, in which at |east
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 advanC| ng too far (or retracting) into the side vessel.
Preferably, these pressing spikes are nmounted on pivot bars, to allow a
large force to be applied, without 2 SEP requiring a S|gn|f|cant bend
area. Alternatively or additionally, such a pressing spike can be
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pressure. An aspect of some preferred enbodi nents he 1 nvention rel ates
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four parallel arcs interconnecti n% two nei ghboring spi ke el'ements
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Preferably, oe%r?vefloorvgrémsamm © PR G FUPFU8%ck different ampunts,
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et on, S s B T o e SO S B oA o

20  graft holder and a plurality of forceps like devices. In a prefcrred embodlment of the invention,
the forceps like devices 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 preferted 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.



everted graft, especially a vein, tends to forman obliquepapgst si's
connection and the graft tends to bend back to relieve the stra caused
by the oblique eversion. Preferably, the degree of obliqueness is selected
responsive to an expected bending of the graft after the anastonosis 1is
conpl eted. .30 An aspect of sonme preferred enbodi nents of -the invention
relates to a nmethod of forning an oblique-connection anastonosis device.
In a preferred enbodi rent of the invention, a perpendicul ar-connection
anastonosi s device is forned and then bent out of shape, to provide an
obl i que devi ce. Antferssetfisome pieiared smpadimna@isi|the ingeation selates dqjan apparptas forit to
its new geQmBdrnya ghfOio n Gndsd n%gp%cmnaﬁrﬁﬁéfe&ﬁ eﬁﬂ@fﬁm@l{t%?ﬁfe 11?\gnt€dﬁbﬂg' ment s
of the inventionrelates to an apparatus f delivering a an
anast onpsi sTPPYEEE FHRRTISEN P ParEf e rhprde, éﬁ%@dﬁemﬂblﬁﬁnﬂ%@oi tqa@rbe the

appar at us caaRple &ﬁ&;&yﬁcmw § graft dBRAREI £id aamnﬁmg 9&&%@&9 ltd%l IR SFerd 8! .
whi ch can be, exanpl e, a hol e- puncher or %ra t#ée ivery and

anast ono3i s"'“ﬂ%’[i‘f"ﬁfl‘r&f%“e mf’?ﬂS‘Pn theyingergpdfip piseted Sntg fiomgiie side of Bgent i on,

‘the inner tl&ﬁ&le'lﬁah@;‘ﬁe@fpﬂ&ﬂeﬁ%dﬁnénh%ch@&d& Rsdite® R 18 sidk BEhOharilteng BARdl €. 1N
an exenpl ar%idenbodl ment , tool is inserted into the side of the handle

and t han gxiglly »phoyt déﬁtaélFFotPtiocé}létpatﬁ%‘é‘l pdyantegeie! s Heshedks that & wneRbage of
this net hOdnblﬁltefdf&\ttheagr‘dﬁH&lx@@ﬁo@%nomuﬂt&ﬂlg%uﬁﬂa@OGE@ﬁﬁ‘ldlg%hd WRkeYs fi@el prior
toits bein the handle and there is little danger of the vein
bei ng dama %V?ﬂ’éhﬂli‘%dmféelﬁ(ﬁ S¥dEt of some preferred enbodi nents of

the invention I’@lna:is@éi:t b s@nd piRfehred @hboddARNbNGe iRketSon RIaBkAOQ MASSRES. Such

h b tside the b body, f
ol bo MO e SERY Strof SHLr mok s bopeed i M e b SpPBR er 7 o

enbodi nent lﬂilddﬂﬂebddlsrweﬂé)dample biRg providedithfoafipin e@Ssceped@h BittskerSiiafptefdtaii Ng a
ci rcunf erenti,al | east the end. of the

thal. X on. W h delfllned.therein
Gepr ass on TRARTERCOL g Tl ot RGoR AFE6Parcd o8 ERg IR RRERBR t ho
shaft. The deppssidn wiltedefinkiethéraia. At Isavaihk end ofithedepehisacreiear the kipns didpng. ARSt Of
inci 1 ere vREEPe Mo ooV e Bub By PP RE bk Bith S ne® et S nen~°
advanced. Tiag of éegatie. Iabpleration, chet tiphie inserexd intd haide rofi @ bloid aramlemubihe wéseclout er
e 200, LGyl I e Bl SRR, I8 SO RS PR
enbodi nent sthenn¢riignierey efthe mnerrtmieandethe tlopiag elizw nﬁthe flapression. The cut out portion
is preferably contained in the depression.
20 An aspect of some preferred embodiments of the invention relates to 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,
4



measuring and preferably pre-stretching a graft before an afa$€8nmgsl3s
procedure, In a preferred enbodi nent of the invention, the device
conprises two bars, a first one connected to a handle and a second one
connected to a weak spring and a scale. The graft is nmounted on the two
bars. Wien:the handle is pulled, the notion of the first bar i.s coupled to
the second bar via 25 the graft. The notion of the second bar is limted by
the spring. The scale shows the rclative distance between the two bars,
allow ng a suitabhl e apastonosis connector to be selected, Further pulling
on the handl e c3NeK24R daomprtpn ot s Brghike apc\dopsngt substaaisdly dirpcsly affeqt

eversi on  adatll ike FokitnbGsiBbn. PR SHRIGISIr IRV 86 i9 nebHanichily dERRHRaI S t hus
ef erred enbodi nent of the invention, an 30

provi ded in_accar ce with a p. . . .
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: o X

andsclgglps&)eg ;Or'sat LS
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substanti al |y, di rect affect  sai.d spike rotational, 6 position, Preferably,

rotation ofsaiah%ngblﬁ(eg%a%%ﬁlIcF?EIWC RARRLISEST JrefRiks dsgrodied #9938 fiopattidde-like

def or mat i orshefe. ri ng-1i ke shape. Preferably, said at |east one pivot bar

conprises at | t Lvot.. bars,.. . where. sai d at | east .one spi ke |s nounted

on a first one gl?g ?%%B%Fr\r}o%dlrﬁ% 8f the inygfiolHyaid q‘itki‘"‘%ttonf)is?} 1 CBRFSE S iint ed on

t he ot héd piweotpiksgreach moantpd ef er separatenfiedi e ntheed sdid epikéasviguiti i@noppssed  at

| east one spjike | aoﬁ%qugfgap&/g%wesmsai d ring-like shape. Alternatively,
olnted d

said at | east one s e IS pol away fromsaid ring-like shape. In a
preferred enmbodimeprefenéd anfredimeuantliconyentan, shiditonkee®s ts devignes pick ehacanipit i ses  at

|l east 10 t (e . arate..pivot bar, where said

spi kes poi nl}té\ég} %Eg g‘?)rseﬂ%%gggggiﬁaﬁgdﬁgrgsasgdﬁg gnﬁﬁg_ﬁlldgarg RGN AVERAEEYSE . In a
preferred espiddiatyeideburetior is destaned oich thensaill at trast@ot spikel eatedossidpnestelsnich t hat
sai d at 45 | eashq 8aSRhKfmdsgMei ns outside of a side vessel in an end-to-side
anastonosis. Alternatively or additionally, said connector is designed
such that sai d &t 2pecisred gmbodipekeof dit mwentign,ssaidepivae deels domprigkh imm spike

end- t 0- si de; Qa8 LIPS ;jl?,_- sald) S}gkqo Elglfngl{t r &R adh %B&sin%f spﬁlgg }\Eé/n?a%%lfr) Ny said

pi vot bar is conprised in a spi

additionally, said spike element interconnects two adjacent ring 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. Altematively, 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

26 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.
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el ement. Preferably, said spike el ement conprises two opp?.)sl ng spi kes.
Alternatively or additionally, said spike el enent interconnects two

adj acent ring segnents. Alternatively, said spike elenent is attached to
only a single ring elenent. 20 In a preferred enbodi nent of the invention,
said at |east- one-spike has a tip adapted to penetrate a bl ood vessel.
Alternatively, said at |east one spike has a tip adapted to |lay against a
bl ood vessel w thout penetrating it. In a preferred enbodi nent of the
invention, said connector is heat-treated to have said at |east one spike
per pendi cul ar t gA\&EiRHVelY, Ayd Pimptbar i qutsidednexiabertant ofsnid dog-bke shepeheat - t r eat ed

to 25 have sai dnalprb@R&l crndidfintRi KemPalRhlof! sdPpidd hr fid Bhpritdd @ Ppicsier red
enbodi nent of the invention, said connector is heat-treat eg to have said

at | east onB°YpPrRE efably Apdeepmpahatiyn isditpaly tnpied ewe af leastraart widsged such
that said atieh&as EAIt@rﬂQtive@PéakfﬁpiQQ%ﬁckﬁﬁi’smb@éb@pleé Riad s %fe%eﬁsgtgl Sahedi gent  of

the invention, said connector is heat-treated such that 0 said pivot bar

is twstad. Arib Mg st Adgmelivelyn sae toot imechasim 5 eoRpled \dieh leesigvosai d

pi vot bar i extendihs th\at 1864sE6he of BhiPriny &hRhfised enbodi nent of the invention, said

pivot bar is within an axial extent of said ring-like shape. Preferably,

sai d pivot bar 8 aUHETHfAnoQMimeniRfifhe fventiop i RIECLHRST Ssago8pled Hysald K¥t shape.

5 1 0 SE P 20éhaniéh tvid Bakdgy @l ¥achScall Gf REiM Hhivob Bhir. PRr@AlS i@ Hdbedbhdhsee st ent  of

said ring-ljke shape...In a preferred enbodj nent of the invention, said

pi vot bar i Ehmg &%ﬁqeﬂ‘aﬁmlﬁi@}ﬁt"e 9GP & Preferably, said pivot

ZFC hani sm | |S di rlﬁgéﬂrsfgmwﬁmdig@m_tmm inkr@ﬂi&ﬁ,l ééig&:oﬁ:iec@abﬁnﬁz}s&ga plt 8RRt S
ternative ai ivot meghanismis coup .via a single extension to at

| east one Sa%#naﬁ%gl la“%?ﬁe%e"éﬁ fypgbar mefl@fl‘ﬁﬁtaf‘?e/éﬁ“i//?”%%aﬁmgi mSRCHAYsm i s

coupl ed vi astadgeledas tlloawrogreasor trelivs baitGestion af saldeiaglikostapof said ring el ements.

In a preferred enhadi t _of the inventiaon, said pivot bar is coupled to

sai d pivot macﬁ%ﬁl ipéenﬁé%qaem%oﬁfrﬁ@’e‘)f fe ‘é‘&%oréﬁalﬁd’l’vog hi“d‘S ST ‘%léein?a“ ely,

Pref er abl y, sasdpiebt hamgeieonpr straight. terrdativetk edid pigotdhr is airéedechani sm rel ati ve

to said,pivot bgf. a .pr.ef ai d

connect of conpri 8é¢ ]r%erlfﬁ%uerm CINRE fgt(r)rﬁﬁ%ﬁq%&%{ég’?ﬁ;w%ﬁﬁ%pise%anﬁ%% ng%ga 1'vot bar
mechani sm aswil gadkegipg wdicafenin paeEhhnivene wpe faaxdaill tonnecsdr 2 efoe sbhich Gaidl | ow a
greater r ad.&c@lhec?oqqpﬁcﬁﬁt%jl.ofi}efgxfab@,aga% \;éssrépfylpé: ‘éc?mSnQQJO z? femoral artery. Alternatively,
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. Altematively 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  comnection geometry for said comnector 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 is 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 eiements
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.

6



In a preferred enbodi mrent of the invention, said pivot bér@iﬁﬁPsﬁﬁﬁight.
Alternatively, said pivot bar is piece-wise straight. alternatively, said
pivot bar is curved. 15 In a preferred enbodi nent of the invention, said
connector is packaged. Preferably, said packaging indicates a particular
vessel type for.said connector and for which said connector is adapted.
Preferably, said vessel type conprises a fenobral artery. Alternatively,
sai d vessel type conprises an aorta. In a preferred enbodi nent of the

i nvention, said packaging indicates a particular vessel 20 size for said
connect or and f &r 2 whifasied smbellimen vé gteonvengoma di of eald plialier efaddmestshaor a

ddi ti |1 i I: i.ndj I I l ]. I ckness
for sai d- conms Eahegp JaBAII, RIUEANES oF RRT M) e SEIE palEideld 01"

sai d ring-|geREctHefape has an axial extent smaller than said wall thickness.

In a preferred iy, Eggﬁ%m%dﬂﬁenrt Bfathgf' Eh‘(zé‘z{!{ok,o teastind opgaq&@g}apgrcjf &E*ﬁ%ﬁg €s a

particular 25 connection geonetry for said connector a said
connect of i §s asiage ewve groarey. dtepativelyaitdeagieanmef sajd plarality of dements-teneldgéonet ry .

In a preferggd g%HFH&FU 'ﬁﬁf@fnamel)l, he1ehd VWaO bt g pﬁl?z’ili@l Qp‘aglﬁ&lltsggaf 'C?P%\;aﬁﬁfé:%§ a

particular obl1que "angl e geonetry for sald conriector an r sai d
connect or ﬁ@“ﬁﬂ@%?@ﬂ@ﬁﬂﬁﬂa preferred embodi nent of the invention, said at

| east one spi keyq $pehtre®BhbRhm&R of B0 irRBRRA] A %eaSink S id aﬁ{agtycq%m%ﬁt@r- In a
preferred enbodi nent of the invention, at |least one of Ssal rlng segnent s
i d

conpri ses a'2pt vAEng pidty Altgsptivelyyalsi seid plueisrt glementphave a pepistayt, widt

plurality of el ﬁ'fr%nfn%ferr@@@ﬂibb&%%nta&f bR adlerkiBh, € e CLBARRY SconPhifesr Nakdivel V.
nts

sai d pIuragity of elenments conprises at |east four elene
Alternativ

isstpation; gerping ahp iPpipt BF conertiph O at lsagh ope @6 saf clemgats and g ikt enent s.

6 SEP i 0 okMdd: lowmciPESE 8hg QEmRADRAIHRR. Réfeki@ dalv et Afkipaddd c1gfersai d
plurality of elenents have_a, sane geone _at_ |l east two of

sai d pl ur al PEPTEsE 2 drgkreng of s, gty FP%P‘EE#E“%%(?AH‘I’E{%E?“Elgggagd}/tﬁil"%}’“ﬁlﬁélme@eﬁ &y
enbodi ment pémirhie i nvention, at |east one of said plurality of elenments 5
has 2 0L, cUrye RERTEL X Lenat Yol al Least ene of sagmlurel [
plurality ohetietddefenttghasoodiveds@adinptiditige curves defined thereby.
engaging a tip of said vessel at a plurality of points around its circumference;
inverting said tip by inverting said points; 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 additionaliy, 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 handie 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 grafi on two extensions, one extension coupled to a spring and
one extension coupted to a handle;
manipulating said handle such that said extensions separate;
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In a preferred enbodi mrent of the invention, at |east one pf SQPdZUﬂ?“r ality
of elenents has a varying wdth. Alternatively, all of said plurality of
el enents have a constant width. 10 In a preferred enbodi nent of the

i nvention, the connector conprises a strain dissipation elenent at a point
of connection.of at |east one of said elenments and a spike elenment to
which said ring segnent is attached. Preferably, said strain dissipation
“element conprises a thickening of said axially spaced el enent. Preferably,
said thickening defines an aperture. 15 There is also provided in
accordance w t hreadipg emessismend vh 6 déatretpled tostiésirngiemdi on, a net hod of

everting a bl Oogelééﬁl??ﬁl ana&&ﬂ&qé. éinﬂ&ior &9&9&9% ehid LeRa tglre%sgéh‘lgntvﬁ%&galblg;t a

plurality of points around its circunference;, Inver sard ti
i nverting ShiBetpes smgrises Aabprumaninlgtingsaifl Handle orsaerclpwidaraft ipwar ds a di st al
end of said bl 09gy 8558 lprovide it idttidnce $@hd éyre%greﬁle!ﬁf)@di}ngﬁ of (HERVertfon, four

points. Alternatively or additionally, said engagling conprises engaging
usi ng f of cEPY PARRCWABRREISEET d i nverting conprises rotating said forceps.

Al'ternatively gk bt BR@hs ¥ puR@bdn RYlobd PQsgonpri ses pul ling different
ones of said points different anounts. There is also provided in accordance

with a preferrefdiSBHE8URRHBIAYIBS digheics 39¢ batipamdepressinnfpmed sherein foy engrgingver si on

of a graft 20M8rofaaisBRbE v&eel A dantdid? sutzANRITY ShahBling 2 iR DENG dPdt oRNTAYI NQ
sai d Shaft;&&?ﬁ’gl ur%l ity of forceps arranged to engage a tip of said graft

K g . er .
where it pr theshpfp rsaid digrppter dpcxgasing giay Fop saidalin foy adfrstj distence andsaidh one

associ ateed didnieker €28 définirgaisthpé 6f ERRSshing AlameRt BlvhidYsafPdefresdd #RPS pul ling a
tip of each of said f rce({)s gxi al ly ong said shaft. 30 There is also
ugted o ﬁé}i;a%ea&d

provi ded i n accHt g&fdEe P Y ABRER HRFpid Gpiet WBe hARERIIBIRE a

met hod of it iofGaiad t@rBittis SA a&ange QTR AnSdiddg defHOAUBY isBg stopb ioP ddhinS@hg graft

on two extensi ons,P an extl.féntsi ofn %ou letﬂggto a %ﬁ@l nquand one extension

coupl ed t o “HORERYI EHehi B Mt S inigos it TR & f Ui damgiey thek £ 89185 ons

separ at e; prdinSperiiddoZadieadt mge.a neasurenent on a scale coupled to said
rea

spring;,and sel ecti ng,an anast onpsi.s connectqr respopsive.to said d
neasur efent. Pr eﬁer 215159 P {bﬁ TRSEHEHCE FHP AiPE ?Tefiﬁfng?fg N 2h S VAR Ng? sai d
handl e t o statletiekifsaing agotdigte dnagomosis connector, comprising:
providing a non-oblique anastomosis connector;
mounting said connector in a restraint;
mantpulating 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
8



There is also provided in accordance with a preferred enbodilmeht 8403t he
invention, a 5 hole puncher, conprising: a sharp tip for formng a
puncture in a blood vessel; a shaft having a varying diameter and having a
depression forned therein for engaging a wall of said bl ood vessel, said
di aneter substantially matching a dianeter of said tip at one- end of the
shaft, said dianeter increasing anay fromsaid tip for a first distance and
said 10 dianeter then defining a slope of dimnishing dianeter towards
sai d depression, and an outer tube nounted on said shaft and having a tip,
sai d outer COECHSAEiLRE. ke figurgs ifeaticat steiptuss) ddpntents of pats Whichi agpesr inange of

di ameters defordt@sh dny figave drePrIteblP fabelbd WM $ HdGr silIARIBESIn PRI RLAPLY, said
tip of said g‘uhei_{r? tube has.a smaller outer diameter that a nore proxi nal
portion of 4G NsyeREa: #5Wichis There is al so provided in accordance with a

preferred enmbodibgntis plan ¥R& of By&ObE Oflvordar BEEIANAskXHotE Q8 HLASE, AMhcQdahgue
anast om)sl s :J:fgnne tor, CO[{:EI’I %}g&g provi ding a non-oblique anast onosi s
connect of; "ABARTHTGY ERPHIRSH Bt restraint; mani pul ating said
restraints to defigy onoiilusean eI mdnOmahetenh HedodRabes . |, AQcQRldhgueness;
and heat-treatéi n% sai, d gonnec%@{l after said manipulation, to maintain said
di stortion. " EFEFEH PO HpIBY I EHpr i ses heat-treating said connector
prior to said nuiigti igplat Giewrdianpadt oft@bmenBivoiar Biscd aslloliBtiP ot gf sai d

connector. There is.als rovided in accordance. with a preferred enbodi nent
of the invefi cf’lgﬁ?cegltﬁ%%ﬁ'&gv% ﬁ??&“ﬁ’@&f‘\?‘éﬁ”gﬁ"gﬂf"@}?f" conprising: a handle
i ncl udi Mg an opefigndAidg illismasiadeplo@ndgt mbthodlt i @ennedtordf Fagl 3pinedeci@nde t

t hrough sai ¢ kLng; .and. a groove and projection mechani sm slidably
i nter connecgftggs;ség%gdfnéoq%méeﬁlgoﬁ%laveﬁ‘g%l e. Preferably, the system

conpri ses a snapfig.ddkis meohwntical fioy ofai lnhi-yeafingkdavige satabllefongi@-behaadd ve 30
to said too - T] T.HE WY N 2articul ar enbodi nents of
e b st e A e et e e Biing

the invention w . . esé_rl érence to
description of iefersrdd dambediamerte,a pivotdanpasalCirnagomoic donhdveorf fegfigs. The

figures qzar Spilkks &R Af¥%1gu%tné §J3993’£hcé Qith & a'e?en%@ Qm%’&}{ne%?@tsth'é ig\r'ta%gctms; are only

meant to be ‘exenplary
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 emboediment of the invention;
Figs. 13A-13F illustrate a graft eversion tool, in accordance with a preferred

embodiment of the invention; and



1 0 SEIP 2003 not necessarily limting. In the figures, i'ci"erg’tlc ]“L"‘3
structures, elenents or parts which appear in nore than one figure are
preferably | abeled with a same or simlar nunber in all the figures in

whi ch they appear, in which: Fig. | is plan view of a part of a pivot-bar
based anastomptic connector, in accordance 5 with a preferred enbodi nent
of the invention; Figs. 2A—2E illustrate a depl oynent nethod for the

connector of Fig. 1, in accordance wth a preferred enbodi nent of the
invention; Fig. 3 1is Pl an view of a part of another pivot-bar based

anast onot i ¢ confiéctlbrillusirpies actioplariol-nanelingateoh| in exceadancee wish f prefemell

enbodi nent eﬁ’fbo&ﬂl@nﬂoﬂh%mvbﬂﬁn 10 Figs. 4A-4Cillustrate a depl oynent nethod
for the connector of Igﬁg)gii‘.gl n accordance wth a preferred enbodi nent of

the invention; Fi gPEEA GRIEHON QF RREFERRES EMBOMMENTSeat i ng devi ce

sui tabl e for pi gt 10haplRased of aNARLAPSivS:. &Q@Qs%gtaﬁésﬁnnoh@ BEEQEIRRCE W Lh a
preferred enmbodi ment of the invention; Fig. plan view of a part of a

pi vot - bar BEOBIneeRth 8 PrdtTcd cawpdiBatt o th @&?ﬂ?ﬁﬁl r@nn%orslﬁi) isegenerglly Big  of

spi kes in apfed demsa o muﬁlltgr&fr@grsegn&&bﬁﬁl SR pidfsid NE sbllﬂé! SRk 1047 9S-
6A-6C illustrate VE‘II’I ous spi ke designs utjilizing a PI vot-bar or a simlar

hinge, in "HEERSFEARTEER thering ST § ibpaiesidiomeyrchal pthereonnes(pe Atsigan carFi gs.

6D- 6E i | | usk baddefoPexaplhél@aic@eméhis béidd 1@&p%ﬂ&énﬂ3f\4ﬁtnn9§ég§lent%n accor dance
with a preferred. enbodi nent of thelnventlon 20 Fig 7TA-7B il lustrate an

obl i que anast onD<1"8 SEBYHEENHT PHL P It?‘%’f"i"ﬁg“ﬁ“:‘b‘re\/‘gtth%%ﬂn“ﬁ% iabthis typiealla d&br dance

with a qrefmer aieaysecrbiady amires@éd toh@loiv e ihRion fhtd 3. bldda-vekell I dgtkfeAte
vari ous anas%g Si.S onnector ccordance with gre erred

embodi ment E8PUERY of K’Fe‘r‘i'f“?né‘ﬂn’ eﬁ? E‘g%fg’é‘ﬁ’ﬂf PPPEEE ALY 0b fifekY-¥fe bendi ng
devi ce, i ne&mmsd@ﬂ;mmmlmﬁermﬁélmne ed 25 enbodi nent of the invention;
Fig. 10 illustrate ernative connect or - bendi device, in accordance
with a prefer r‘g %ﬁﬁ%ﬁm’%ﬁ?po PHE RN SRPTBIE, Spﬁfsg?‘%ff‘”f‘%le Piksddd 2l et onal
vi ew of a dP&idshheasipikerioRis showdd @ith 8 bliagi il 06) fdl QencbBtingn: graCeRsgdaneal Wi th a
preferrgd %g‘g)gjq ent of ﬁlhe i ny, t| on; 30 Figs. 12A-12C illustrates a

n

si de-nount e astgﬁ%"éﬂ“& de Fc\t/ szyste in accordance wth a preferred

enbodi ment of tAeaitiovienfeatore; of connector 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 comnector by extensions [14 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  bars, 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

10



Figs. 13A-13F illustrate a graft eversion tool, in accordadc&Ewi £803a
preferred enbodinment of the invention; and 9 2 ON 3 Fig. 14 illustrates a
tip of a hole-punching tool, in accordance with a preferred enbodi nent of
the invention. DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS Fig. | is plan
view of a part of a pivot-bar based anastonotic connector 100, in 5
accordance with a preferred enbodi nent of the invention. Connector 100 is
generally ring shaped, forned of a plurality of ring segnents 102 and a
plurality of spike elenments 104 interspersed between the ring segnments. It
i s noted hoWRARSIPD of srapetr HEP 2t o ihelstders whe &pgrie affechthe spike powidons fvisra-dx anpl e,

t he spi ke ekenBissnd&ithd-itcapensdsans, of the ring segnents. A ring segnent
forms part of the ring structure of the connector and is typically, but 10

not al ways, radfEPPSFPRGRY advawaee of gival hagsnisdans fhe prafilslesst Peusiens droa the ood
vessel . | n adagn@fsi dcaibn) 6MROnIRRE cAfbetdieddnvent i on, each ring segnment 106
conprises a pluraljty of side-by-side elenents 106, which are preferably
el astic.® A spi kén%t}leéﬁ’@?‘?f‘“ai aPhBieEs rafeddp satk B 8ojspers ithisgrpikpidresdiot st texanpi e

spi kes 118 pafitrate tREbIGE vBROMD all FAKE 1A cd SHpBROWhAbilH bar 1§ Bfiflerdt kPnold9, for
expl ai ned below with respect to

Bro o A gl apnet FE b0 w5t Ut dhmadeor b8 S EREeBHERE ot h of - spi kes
o ext ended Lo L b L Laur o DL ane o e e, B! o ke
only by twi%¥THE% ‘ﬁ’gh ﬁ?&g?eﬁg?lg‘“lﬁ—’ﬂ?‘? ﬁégﬁdw@,‘m"tﬂhg"m&ﬁﬁﬁ h@lo isPredprabiphaat onpof ’
the pivat bained & rensicstgabifmaied sehovwliaFid DBtwidfspiked WIRAE 813 Rtehdind | Ne 20

hi nge, such_as is,formed by a bending of the spike. Thus, the deformation
e g HgConperer e

is less |iREHY" %G1 ure and/or a hinge can be configured to

al so apply greaFigr24 oive o @nbdoer $@ ith botAlshikaUghlly BRerRM d@ted berwsGONN
Connector 1805 Fangie B0 fI8L1p0t G253 vavided asied v S0 dnepra and y
spaced froreenretter t¥haut tnside by apxtienisitensall dfia aside" bkel 130 pewké wok Y38
Fonever 1 <l BN e oA, S0 S SRR PR o Lo
joint, the spacés sioynrafe. 24.HipsKe? oft dpies 1(8arapifikodratb 832, att i eperaivie i Fig.
undes| 201 ot Skl S SRERELRE AP B S0S.SCBIFR o Lo
advances into the aperture in vessel 130 and reverts to its resting configuration perpendicular
to commector 100. Since most, if not all of the bending is in pivot bar 118, the side profile of

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. 1t is noted that spikes 118 do not peneirate 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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noted, that strengthened or weakened portions nay be provided at other
points along the pivot 30 bars, besides at their ends, t 3 oty @bdvher e
defornmati on takes place. In a preferred embodi ment of the inventi on, the
pivot bar is not a |load bearing structure or a radially expanding
structure, so that the forces applied to the spi ke can be i ndependent of

t he radi al expansion forces. Another potential advantage of this separation
is that the radial 10 10 S Er 2003 expansion of connector 100 as a whole
does not have to _affect the spike positions vis-a-vis extensions and/or
the rest of the EoHRee: &0 ISAH’ES‘feFPérY ponehef & clageafragdasss opishee-mmosy | s

that the prahddrial, 6@hGs Nittof HoWe VR NBnidcRM 608ay ARARERIDS Sasti@figlb@Meqof the
connector can be reduced, 5_Another Et{)otentl al” advant age, realized in spike

118, is t hat®PHesxeppieidise 434 eeagss arikes d 0%, yaen ity g fearagierh ittepderikes 108) but  al | .
Rat her, the tBfigepidqhi €@, Dyice PekeP1080dre Bak szhfﬁc1§rlﬂ§rf hcﬁde?@ﬁﬁi @y BRbdacethe spi ke
agai nst tg'ue bl oo @fﬁlgdé i’nfShown bel o in Fig , W t hout Penetratl ng
it. Figs.> 28PSE sy t é?é’é?ﬁs‘rgaw erﬂa%}g}%ﬁéﬁ’eo‘rre{%a&ﬁfeerl RUERPER &t or
100, in acdty dBWhRenthé fip i3 rqiced, tecedeandndisrelisef the invention. Connector
100 is prefer abI¥. h?at 110.tra' ned tq have a resir ng configuration as shown
in Fig. 2E with $prKeS 0B aRH2PIE & Brefit “ae ARelaont carctey $¢e in
connect or sutdoatafice withgin aﬁﬁnﬁﬂﬂ@)ﬂ@fe&e&@ﬁﬂbﬁﬁﬂeﬁfofllQQm\%ﬁd% both spikes axially
al i gned, nount ed_bet ween ; E%der 134322) graft ver 136. A graft 132
ar aAdP

i s provided evert. ot\?ecrpmbef Ge SRPBECS €D A RBERG ofs, SRS #2i de an

aper t ur et0i n corhprisivel tivo afcs 306 siddeplun Bl 2 hpzﬁe?aéleméhtsb}ﬂ@eeat:lu benpk3fhg akpikgaont ai ns

oot om s Stk ik Do BORte o Alichfl Bkl JdSobs ik apis G o5 at

its eversi onppdsmgﬁmgcs anc?ﬁay inbleddras er mubehailtBBe spikeadlanainexédd dirediad.i ve to hol der

134 and cover S advance ta t.he .aperture vessel
1s §ci91n££'es%s apé &ﬁer Fr§od1me descnsoed Bgﬂa,l 18 aefl%cge% t? SXGE%)IHEIG

130 and reverts I'ng con gura 1 o per ttor
100. Since mivsality pﬁ desigh fehiresofA dohmecior imdacogrdirse imith pi preferrddasmbibdiient dfahsi de

fil f L tiall di cul Ti
profi e @ A0k eRhepuecaRLa:Saf Al H3haai A n o BEE il gt T
prevent t hemathen thepmbodimditnyeiervhesey esidladtratIOverdl m‘eaFar@ in 2&h ch!bb(ﬂment,l\&&l is

retracted, @l ﬁ%r&ﬁn&r@%t%ﬁ%tﬂ% ar}lbo%%grﬁr% FHg g sgcﬁa he¥:’1veﬁttio L corrtam g.ny

segments 102. In F isre even nore, easing
spi kes 118 selegsiamef features from any of the embodiments shown

One feature 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 cormector 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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25 perpendicular to connector 100. As a result, vessel 13DfiSERr

bet ween spi kes 108 and spikes 118. It is noted that spikes 118 do not
penetrate and bl ood 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 anastonosis is
conpleted. 30 I'n a preferred enbodi mrent of the invention, the spikes and
spi ke tips are designed to support vessel 130. In one exenplary

enbodi nent, the spikes are wide. Altern the spikes are roughed on

atively,
their i nner®OBIF: B bFunded; 98‘}0“6%ttha“ck’“’9‘e@§éq X%G" confergy Fith ithgegopnectone

spi ke tip nayadeehdmeAlQl thishiafod RenEA] &Becidl9lin G RInRectods WRdE BR Aot Bftiact pad
bet ween the s ﬁ‘ttﬁt and vessel 130. 11 1 0 SEP 2003 Connector 100 is

preferably °f° hsrcomneglpral Ofly @ OIS @PINk| asti ¢ or shape-nmemory material
such as Nitinol Anblaweire op@m@t 00, mhrmubai1mfamtlmv ly ﬂﬁﬁdeﬁé&am@al ly

def or med n_one ex hol d 34e ages spikes 1 when it is
retracted, 43P105‘8?‘P(5’sls @‘gﬁh pikepare B ef‘t\/ﬁ“g?‘?’ g (PTG e PRt baﬂ&hu%ﬂl%ﬂsgﬂﬁ kes 108
ﬁr Iedbent su?éludbl efotley tip N09, der spdadihg rvesyeldlseefmgzasgh e, fhﬁf&p&rﬁ@glﬁfﬁ?e atAnSid1$ abl e

ol der ti or. enga n i.n own or a different purpose,
in Fig. gEf @Iﬂg’ ﬁ"é{g’ |rdﬂ?1’s9%|°§ aeg@g g% éagaged spi ke is rel easeg EI g. 3
is plan view of Figgs pRC-4C difus@ath \ziqﬂeyln&ht e adl fod B&HEASAH0D CinGREVARGEORi2H0, . 1N
accor dance \/r\{l36 aen aélt erna Lve ref erred enbodi nent of the invention.
Similar to BoRRACEEYH SHWE ¥Br 200 conprises a plurality of ring

segnent & 202, @ mmsmm@cbmm{adfesits?ﬁﬁwam@pme 08U edidaked 0fengupe ¥Bsepl enment s
204, each .a.spi ke 208 . ar |ke ted that a
particul ar C@g? ilél%{élpgsr@ﬁ%%@ét Sﬁ%%%mné% 2r‘n1éaé’ d%‘?{ﬁl'ﬁ’a@gf plﬁﬁsﬁ%@ K8 spi kes
and may i nddeLﬂdeer@halomrorereenteﬂmdB dreexspplk @s ldescﬂlmdhnabel love tefe@g@ieedoPCT Thi S
connect or, a?)ﬁh 1&5 dTbOdl ments described herein, is selected to
exenplify a ural design features. A connector in accordance with a
preferred errbodﬁméwtﬁ&farem%fera‘tllﬁ held betmieerom conpeattholder 138 andm&hteumﬁe 2%, bei ng

limt ?d1§ 0 (fuhﬁ‘ Qﬁd‘%l gnﬁﬁmmn tl‘?e]c exI Q?ee LE3s l/e!s%cﬁjﬁ% %g%glkesR%Sh?\r ﬁonn %on

enbodi ments were ¢ to | | ust sever a S1h éac ADOdi ment ,
Wi th the wesideesr Hohaygetpheyided theontrelrthoptisivien bconidetor 20 ﬂebtlssﬁcto pessafl3d he

invention cgg 1‘69?35 Q‘E(ﬂln@PYorce%gljr hlgé;cr?glféeé:{og?é%g% ]ccgf I%Eb@qéﬁg e VE 8 130.

enbodi nent s s eature o bar 220 of
spike 218 is w iﬂ”ﬁla 4Bneuteniihgl234 Boctericdrfrecint spikand) Sdebmmdnds @@Qn bﬁthusslke

connect or 20 andW16R b&leBh Qéﬁ@,dwnlf:t"f}@rel@lﬁytﬁat%mﬁm AR ngz?élesa\lessel 130.
20 In Fig. 4C, an optional step of advancing outer tube 234 is illustrated, this advancing
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. 5 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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extent than connector 100. In the enbodi ment shown, spike 2@8gcphpegh may be
a forward spike, does not have a pivot bar and the spike itself 1s bent
for depl oynent. Another feature exenplified by connector 200, is that the
pi vot bars for two adjacent spike segnents 204 and 204" are not. at the
sane axial position. Thus, the pivot bars of adjacent 25 spike elenments do
not contact during radial conpression 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
coul d al so meh thyr dheivel eefmedyk, keompe@r pe) pnmpkisgsbplyrality of ringtsegmernss39a edhy |
attached at o | At i 2 age: Vv
shaped desi égr{@gd Q%Qgggp?rgg %tﬁé?ggﬁeg%g%%lfb%tg?%g%dgﬁ) fggﬂg‘%%fgi% wgt](c)ba%)%/]@r part
of the bendhipikss88 isitenysted pn epiopa epqrgioniabadlican be with a similar strai ght

pivot bar. Al tepsRabiveboonhddfr Bh0:OIhaiBE spﬂ@ybﬁgs dd hdrch migfhe\ém%xéaacgog or

axi al conpression, but remain straight. Another feature of connector
i s that ®heohiegfasmne ¥dpporting the pivot bars fornms substantially square

corners that | utaidie flalScd 6l GRRRI B0 fsl MY DRETBIY Se nONIdWR! Dahd: Welnfatied hESE
12 1 0 SEP 2003 coners may be rounded. Optionally, the pivot bar 1s bent to

conf orm wi t RmPHE of Srier mesteriakisrresent, anf Siksy dissue raihesiongackss thesspdst Faml be
especi al |y bpvidb@se connectors where the pivot bar is coupled to the
connector at only a si ngilre tpoi nt. . Another feature of connector 200, which
will be iIIustra‘%i‘M‘eF fraprgyof compesiar 3Qfkis et pivet 10 & HpfedyReRicsignstashat  t he

spi kes ape Bof IThbe e aldiokaos bof Avesas3 toh@n Bk YQLABARS confbbit maBRbSS, B18
i nclude a f rnéed tlg 21%,_ for spearing vessel 130. However, this spearing
can be at an®™HgIas 34t yfrsredamepntpnd et heghisstingthndayipe to fnghizedhietab ogatigy’  or

30". Figs. 4A 4Gnitd dsstd aitRdigheteMir@Y 121¢ typRAINEnMEd BRENRS 168, 2806k 308N
accor dance referred _enbodi nent. of the invention. 10 Fig 4A shows

Lth
connector  20HRRIER T4 Sich SRS SRTRECeS0 R this Atemaive S rUnER g YRRk |

130. A net hotb st provided ihsidd dTalie cvbr@dpark OF drafg] 322T4Wa Y1 Dae BiRd bidpadt@le@ag Ng t he
spi kes ( h s, .for ex | e as

descri be : ﬁpwggyeé%%\%@aﬁg‘séﬁé%@lé i f(‘)"’ré‘ﬂgit“i tgétsl" %1323’% ChhPIEY bﬁ%@@%‘%ﬁ’i kes
218 are pr efteraisidy ofiak dveted yueon o gRBOR.MOMibndNg| Gikes 2FCaraddined i@ Wetsknitube
GG TR IR NC TR A e
posi ti on of hddhereednaing2efnenel3as andeivoobav8sksel 130
Figs. 6A-6C illustrate various spike designs utilizing a pivot-bar or a similar hinge, in
20  accordance with preferred embodiments 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. 1t 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.
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and provide a counter-force for retracting connector 200 ¢ thatsmpi kes 209
engage vessel 130. In Fig. 4B, outer tube 234 is retracted, freeing spike
218 to bend. As shown, both spike 218 and pivot bar 220 bend, with the
result that spike tip 219 engages vessel 130. 20 In Fig. 4C, an optional
step of advancing outer tube 234 is illustrated, this advancing further
bends spi ke 218 and strengthens the engagenent of vessel 130. Fig. 4Dis a
cut-sectional view of an heat-treating device 250 suitable for pivot-bar
based anastonobsis connectors, in accordance with a preferred enbodi nent of
the invention. Fgsnfie6E diiusR80a ke hedipnisrs 3p0 adlithg tvo pivpt bas, 25 Bccorfilrics

placenent 1 &fih beRntk SRl Al RidO PR Rla i AP Wk R KE &30, S then

heated to heat-treat the connector an k t new configuration its
resting confikge 3@ mhomted on ahivetbar el Bivetbaciod s itself tounterd, vietur extcafipms368

di stortion. o, J%ogﬁ%%?ba?gﬁé@ﬂﬁﬁ&n%%@c@lﬁgztsﬁg&}qﬁa}% s ol 1 est ’agﬁdg}{eﬁg, does

penetrating spi 18 I's as shown in , a contact s
not penefrat@ vessel 13 0. Optionally, the contact spikes are distanced

fromthe connecteqy ¢f QM &levidiPordlde W) ARbRLO ©8, MGnhRsRPR) it 68 hicy GREE! 130

30 during deploynment. A single connect may include both penetrating and
cont act spi ¥d&vop by, 3649nd Ressrpt et bas d64.Cldvmalows gesybstaniglyi sgeare profilecobe act

spi kes 218 %@&ucgﬂ LR eREbmAlb 18 iRk keSeld tfin ghxg in tRe kiSistBndds. WiLWhRfn @ Part
of a pivot-bar based_anastonotic connector é 0, featuring spikes cut out

of |arger sPiwesigirkedth whisk manbe of 28y pPef erred enbodi nent of the
inventiam. As  IBshb3ERe2RR3 MhitsihdIe pRBOVE 50 BHBEII0D ro’d@MN85de Qhingd O

conprises a PLuraIity of ring segments 302 each fornmed of a pair of arcs
306. A spi k@2aesanelesciveh gy petiontlie aplo P .o exensqyiek £803118 some smbesimessss 2310 of
spi ke 308 i GoubRyVoEkhr Rbrdvitiel B MrgRhEIRNSH OB drd S wavked, thiRAof Bt e Of
connector 300 is.that the spi kes hases are defined within the axial extent
5 of ring segnents 3678 iﬁﬂ@ﬁe?n PRIGNG, ARAFIOBIOSIE SAMSEPL RO BHIZNG & RiyPt B3 kes

318 are hol deeigh, ifi @ccofiatice &vithitrdferfed cABBLINENt OF the Afveht@R. FIRLRY i alplah Sicprgsent
and bettgr tissugfadhesi across, the spike, . provi ded. _Anot her

, cap be
feature Bf &BHhBLEYREAYF s Comgeon#iPotomy Fesfi?)lu‘iagtyn‘iﬂfﬁ’tgeﬁg‘ﬁﬁ’tse@eﬁ on tabs

10 314. Thusomptike agtirallty beasdcisns ad6. pi footardbBendidg OpikesnshiepeeiliedivitRh thhe
tabs 314 a desi unt and.then heat

Creating « NESHRTREE! HOTRAETID 414 RemOURed B 1R 174 Hon oD SR EA BB mont <.
graft 132 i cnhaepirci@ by 4 paansi ¢xedstoldy419p hivesrer] A8singlO &kidkion @8 three or more
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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Al ternatively, no such transfixing is provided. In this Ept%‘rna%| ve

enbodi nent, ring segnents 306 are provided inside of the everted part of
graft 132. Tabs 314 are fol ded back past the edge 15 of the eversion and
then optionally again forward, so that spikes 308 and pivot bar 310 are on
the outside of the everted section of graft 132. Optionally, spikes 308 are
defined in the center of ring segnents 306, rather than between the
segnents, and the everted portion of graft 132 is held between ring
segnments 306 anﬂ: ¥ 8\]/:{;6}{ 310. FI 6A-6C il lustrate various spike

desi gns utili zi g’,)g g‘ HYpEe § ‘i‘”"é{ arﬁ"lﬂé’ﬁls HPFRET BFFiEno0inatceBarshe@hui t h
preferred eﬁﬂafbd'bdmﬂﬁoﬂmﬁhtsbhﬂieimb‘r&lahl on. As will be shown in the enbodi nent

of Fig. 6D, the%e ﬁRI % f extended differently fromthe spikes
descri bed above.”'¥ lsp%l? P BEY 812 PYYRRLL anapgrossfy RO L fi0n b S SRS t he
ring of thescgmanesoRds forakd Ioeaaﬂurﬁluy iof @Gigzapm Elbthé®d 506e Eldnitnfsi 6 ik hafe SPI ke

whi on bage Ferlqed 3ol PRl ran a8 O e BBl vaBp e eps pubitbar

i nasmuch asthtlennectot &t le@rlikefy thpi ke Srcd3:di devisel B aistoR Gn byt tdab:qieaéd inathenf a

si gni ficant th of . bas 6. Extension rver. for j ng spi ke
332 during ﬁﬁ‘ggerg otsial %negti eSS n%felggle?’rﬁbgﬁg i@%?ﬁ(ﬁpﬁlggtbﬁﬁéﬂsﬂ “"gﬁfgke 342,
nount ed on Bmg mbebmematcmmme)mewd&"ﬂ&fan&tdime_ 346, possibly allow ng

bet er, control - af 5B ARSI AR A AL PSS honi0el b5, Nelum baien 1o
spi ke 332 nwgmmédZZilsrfetmeﬂyof a.)plualhbmfarc cBmfents|5R6.i18 canmécmi- SQh,aTve\a&rdlmeﬁtsS pi ke

| engt hs nay aﬁrgylg&?ﬂl Otmrfeecéhe%g% E%q.{%r f rrtlbrel:reo am_ nt| 18??1 t hee({sjgl ke

| engt hs pre er el ng se ene eV REEr Xired
anount. 14 @ia@PISEPeeZCG@@rFl gs. 6D-6E i I | ust rat e a spi ke rrechanl sm 360

utilizing two p'T‘ﬁQtterﬁaz&éel hihi ACGOd go?/ggﬁ,envxﬁ @g(}a agfs V\Dgeacg‘%%%leﬁ?ég of the

i nventi on. F'an vi ew.
mount ed on %Fe%nvdte tb?érof %erc oPp gittle, Jerr ex@le ibging & splirfe omaucgnmu ofvancellipan

ext ensi Gas Afinai0y 3r 2RARALDIN Qe o3RG fePRb L3 oo B fRBNFE RafE ChaN! S

360 with the rest of a connéctor e view o
depl oyed cof?h@@{nﬁktwmﬁ\ﬂﬁ@lﬁaﬁp@mcwﬁ)nsmab@miifhwtwe once at pivot bar 366

and once at pivef ;i cag%nufyfﬁrﬁlg%écg d‘ﬁpécttd’?@&%% QILY h YA, %aﬁa‘i’iglf iere to be
VeSS In In

produced, which contorns to the~bl oo art
anast onpsi sS*ampls thespibaipfioge coppects priglearpdsyithitee Bikas ofprmicstronseptoh dhust thany

type. manufacturing process can be 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 clements
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 clements 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 comnector 500 of fig. 8A, in which four,

rather than three zigzag elements 556 are provided.
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. . GEP 2003 :
10 It should be noted that a single pivot bar can be useailomngV|de a wde
range of rotation angles, such as between 15 and 180, or even over
180" . -1 n sone enbodi nents, a double pivot bar is provided for |arge angles
of rotations, however, this is not required. Figs. 7A-7B illustrate an
obl i que anastonpsis connector 400 utilizing a pivot bar design, in
accordance with a preferred enbodi nent of the invention. Fig. 7A.is a plan
view of 15 a part of connector 400. Connector 400 conprises a plurality of
ring segnents 4 each conpri s a pl ra ity of arc sections 406. A
forward bendi ngolgfﬂoﬁg%ﬁﬁg’rf Aot it e‘g‘“’ %t}i“r‘kﬁ'e“&@‘bmﬁ‘mb‘%} opfingRfc kwar d
spi kes 418 axeeingmgnteﬁtd a&rﬁe&nﬁmvd)masd‘.ﬂad’n aqﬁdﬂlredaﬁéchélﬂﬁl bﬁlaﬁ&pafqﬁ&aﬁﬁ Huk A6
connect or 49%&% ﬁ 4 g extFnS|ons 414, however, a single ext ensi on or
three or nore FSIegFe PERIFES B used. 20 Device 400 is built to be
oblique, thus, umBNMmmmﬁmgxmmammsuﬂp not lie on a straight line, but on a

wavy lin pref b cor ondi n final shape of the connection.
In the gnbodl fsu%ff\émmraél?elsfgceﬁaw o) iell'q’gar allel to the connector axis.

Al ternatively, t(herepidoes asahaamst ltalk@epl vot bars nmay be tilted or even

parallel with't f{ine uen,, of connector 400 (this axis is
per pendi cul ar tqg)ttﬁéf:hﬁngno?vesFe (?BCP%?IftPﬁlmess a e(ft or). 25 Fig. 7B is a side

cross-sectional (v)lpswloﬁnda)ﬂdegimytemsucmmeesei f400hicH theyshoddsignhel. not ed t hat
spi kes 418 and [ to push osite di al
I dififod 48 fia oy Ogﬁaug%etﬁe e sa%engg PR3 5y BRI ey

directions, for exanp fa Sp |

f.romthd® aglementins iassingbn nremtsthn forTmmpletl#wovwltelmamfy vieselehents3 hdc aigzdge
radial ly engaggg by the spikes. Alternatively, the spikes apply a
stretching force to the wall of vessel 130. In either case, the 30 spike
position and forlee Bpigired ambasimeai o€ ¢hel wrentiom dmctuskdetents sel akiet tdeher est  of

vessel 130 {gn@ftor i Erel@f REEreB AR ﬂcf‘egsemf {Jdlflﬁ {%pgﬁh%m O\Q&)lpl?%% SMyires

optionally, while conpressing a part esse betWween at
| east sone Bt ibtpsomsstipaishiorag spileetemsals pidpreent thenpfrom bepastimetoaine.  set) and

the ringspart ofoHii &Rhdt®rs hay be *PmeER g@l@]{;?el&cﬁﬁng ﬁﬁaﬁﬁbésl A&L’sﬁ%%{&f‘al vari ous

anast onosi s _connector designs, In accordance erre I'ments of
t he i nvent i dlemativey, HBRbP‘Bm&mE‘P%WT iy foswpddty eangBetutizen meaﬁmdﬁaswmm

connect or 5@ dlktsnm@atq@m@@eclhomgaa In &ﬁ&%ﬂ&rﬁ&&oh&eﬁp{h@%v@ dﬁﬁabmﬁk' ty of

zi gzag el enents 506. El enents g/ have constant w eir
wi dth may VR Ermedhy cafipee swigblp Sfae] w %For%anﬁﬁe lzﬁvgzag optepdipneter af$3tmt  t he

connect or i fdlhessg A nkiehial tHidkass 810, A embased device to distort in an

unexpect ed manner . . . : .
20 igs 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 umen 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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Anot her potential benefit of zigzag ring segnments is that] §h&# oppg® applied
by the expanding ring can be better natched to the needs of the
anastonobsis. Fig. 8Bis a plan view of a portion of an anastonosis
connector 520, in which each ring 10 segnent 522 is forned of a plurality
of arc elenents 526. In connector 520, five are elenents 526 are provided.
I n other enbodi nents, a different nunber of are-elenments nmay be used, for
exanple three or four. The termarc-elenent is used for convenience, the
actual curve of each el ement 506 need not be that of an arc of a circle,
for exanpl e bei At ! BFTaEsEHon! Yoy pengralbmessprempntidgges 700,15 aggprdancamithvel y or

addi ti onal | ypreteigd ghbddgranbs @k %ﬁ&?ffoﬁ. DBYee Ty BorfhrfsEEd &ﬁ@ ARG 9&9@@

wi dt hs, for exanple the radius of curvature increasi in an axla

direction. [H&onespd bareofrdiiafalcR ivnlsngd pr Geeseectipnsy 08 arhdft Bspisctisn@bd iap i n

the raw mat guped to 4 Bikon PR ALl %0 SRk ES2. PhojQliEn FANBEGHR 1b DhBh ogy/ed Wi th
t he spi kes ohfa next connector. Thus, the manufacturing process can be

more ef f Pci BRER iRicoypladde prayi70 Bia gactiesorng e Ascaleyt 2 s ounged op gisian 308%n vi ew of

a portion of an IABRSGADS efeBRAFRES HPLiIO hardlk 200 iCBuRACH plsioRgos SegaRNt 532
is fornmed o of arc elenments 536. In connector 530, four arc

a . pluralit
el enent s aIP’gf' BB%&P‘H‘@& ‘}{fagff’fﬂahge%fgf’tﬁ therTaeapBFASTIS FRONRPTCHAIE it rATcaddiigpal
e: | i pses .532&xtdnl§ien pitiandle 062, esbBGIt DEbICERIAR: RC1R!if PRPdatRA Fordidsich, SPi ke
el enent

trengt hepning or a | opop 538 is referably provided, to
prevent st rféﬁ“ ee’fpﬁfeglateggﬁﬁ ?isansg‘rlllle‘g@éﬁeraﬂ ey Oéhepww&tofﬁw g thodiameter of gp j 5 g
pl an vi ew othe grafios this-eﬂemfonamlamalsgpﬁﬂg)sdnalsecbemwag@mleé&@e effdt. Wi fdled@Rgh ri ng
segnent 542 is formned.of ural it %{ recurved el egent 46. | n connector
300 two. sutis iRl L a=a  ARetE risv i ol elnttne Saw oo Soiotr F £59. of
forward spidkeso348cleaing adprirfizelize Bten whemngtcRed & e saxidinfuf Moeat ledggn@eisot may be

used for foe{ ng..an Oblisgalfl&y n th#)m)sis connector and/or for oblique
as '

anastom)sispgla’nangr((::f:i‘lbéjr‘{féfi &8 ' bed bel ow, for exanpl e. The nunber of 30

curves in the r &casri22di2] dlosntes eailelnouoed aisomodiodeleuanpitey, ibatcogadcbr ee,
our 0, 0%y BB P ADAEE 8, RSP SRt Sk 2 ©
provi ded. 18ngle Bn@GEROPH S|t pohide vatiobetoals pr the iattemiotiflatativh & wolsrplary s hape,
on & dosi r b ReEh ARt Gl Rbt0R e ad ARl DL BFHT “necessari 1y, the
desi red paranet ér s pafeaed ¢mhodivhdnh sf the thivergios,tthewsls faredgddad etto handle 300 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 810. 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 handie 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
18



5 (b) sufficient radial force against vessel 130; (c) piAdi&ifoRle¥ a seal
agai nst | eakage; (d) matching of vessel 130 wall thickness; and/or (e)

pul sile and other characteristics of the vessel for which they are
designated. In addition, to the above variations, the ring segnent design
may vary between - 10 elenents in a single connector, for exanple being
alternately are elenents and zigzag elenents. In a preferred enbodi nent of
the invention, structural elenents are added to the connector to prevent
to large an increase in radius, for exanple by providing struts or wres
that i nt er cHithictll semgrebiol thybadp IRéfh@héﬁsénm%ﬂémdhw%éﬁ@pottbﬁémﬁr%ﬁ?m

separating {h@@odyLie i, ol BryQnifbiR ae@ARECt or s may be forned by obliquely
cutting netal tubes or sheet nmetal. Alternatively, an oblique connector is

formed by manuf &Pl nEEracoFesPpRhdric et mple i e 88'éie whd I Figen Wit tigrddPng it
to make it eHeckfdu@ing loraihoiicedel ary enbodi ment, the above connectors may

be formed by cutti ngll a suitable N tjnol tube, for exaﬁl e having an outer

di anet er *of 5. 3 T 1347 HilpsiTae 2#fh Persion torh PRl i secoglents wigh mprefotsdri gs 9A
and 9B i | | ushtcaingenbofapineeitied, - bendi ng devi ce 600, in accordance with a
preferred enbodi rref‘né of the ig‘\éﬁnti on, a_side craoss-sectional

Fig. 9Ais
view of device 608! 908 copprTea pofowggalt 9%’%?%%?@3 geft deivery tpd. yehts Pleat ed
to learn a BEWFILS) bitDa pRAfitygsH fadckR nddhtidd Soints POK EBur showiraiihtsesle@plaryWo
t ool s 604, ealgot&. of \i\)/ni CF egga(ges t he E%l ke§ of one side of connector 602.
A screw 608 TPUHREY SPHORT FIBREMERHAB B 23 I HotrF oA LB X AR DSt her
screw 608 i Aveliy sixy @eférabl{,iafoiclR 906 Retouhedbn &34 moantglpot PRSIz adorcddie t wo
bases are m)vzld .relggéis%e to FaCP " O{h?gr’ Sl{_‘[%h t hat ,coln ect or 602f iS
di storted. THREHB R AN YAt AEWENS T Tach B8 RSF VS hYc 'SR ws 614
and t he ent mpentidewiecteniss. plsé@entt 13N isant hoen f or addi ti onal heat-treating.
Fig. 9B is a top.yvi of t.ool 4. showing.L s slots for engagi ng the
spi kes of connlﬁei:1 'é?wéwsgﬁvceagﬁgpﬁﬁg?&eﬁfoggﬁ’g&?%gg@?we for engagi ng screw
608. 30 Fig. 10 InFigu$lR, aickB02amnpmlitielinalafiad2 chd grédd povilkelnbiong ogening®4630, in
whi ch a.,sa r a t ool 604. are used to engage e end
of Conndis op B30 ke 0B N0R IR ANt 0P berbi B 1R rah o R DR
styl et 632 isshovit. iwevaremm afiqeoiim dotearmBO2s inThg 10r mep be sed tisead, ahd gtey| et
632 can be desi CEOSS- [an. nd.b 4.f1x t he,.styl et
in place aﬁg%{ont ﬁg %‘g\%’lscg&azsd%gege&\%ggtnba@hgfggpﬁ%c@gggﬁggn Dg%egﬁlg% or the
heat - t r eat i erogbodinfent, af ai@BoRodHGBnector (not shown) may already be mounted on tip 806, such

that the vein everted over it.

20 Int Fig. 13C, forceps 906 is brought over the tip of graft 132 and closed. It is noted that
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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Fig. 11 is a cross-sectional view of a graft neasurenent d-}a{[}i éépﬁ)@? in
accordance with a preferred enbodi nent of the invention. Device 700
conprises 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 coupled to a
piston 706 -that is fixed to handle 702. Projection 710 is coupled to a

pi ston 708, 5 which is coupled to body 701 via a weak spring 714. A scale
712 i's nounted on piston 708. In operation, an extension force applied to
handl e 702 is coupled to piston 708 via graft 132. The dianmeter of graft
132 af f ect sSYPR&SiRadIOR-ehliske apemAsibcviceamish thpaesulathas dhti grafb aurves adigt dasi on of
handl e 702, arpasmbd iy cdtiplididd. @ bl ock, stretches graft 132 in preparation for
eversion. It wll be appreciated ny a person skilled in the art that other
ways of coupling& Hé& isases 2 8f 2 Poleprechiiedrsl $8 ipecodanengitop pesferd weak

spring can ahteqinkt sfsRdndettidnnehessRIdR L B FRGE 10 tht 1ehiSf e bG8 sHoR@ bhe tip prior to
over-stretchi n‘ﬂﬂ e prevented by selecting a spring that

of graft 132 can b y )
yi el ds bf ofoke Pinghing %{l?ffhe sigethg ?lgllssxms%? g Pl Asshew1le imatter o @pnoliiRen
stretched tigcohgets®Xxi mum al | owed | ength does not apply a force above a
safety threshold. Figs. 12A-12Ci|lustrates a side-nounted anastonosis
del i very syst em% PR %ﬁ@%ﬂgﬁ%@l anyy 9&? £ 3P L CRFPS LS Adro STSRBHLY- grsharpe
i nvention. inferaippseieistes ﬁﬂﬁbﬂ?inﬁﬁnlﬁolﬁfn HehiRl iﬂo\éﬁ&ltﬂe@:ﬂp 986 isSbi@led A@ndl el 800
is used to provide vario ools to, the anastonosis cation. Two _exenpl ary
tools are agﬂ?lélt? ﬂ‘eatﬁ’% WE#?S{ SAdvas ‘éﬂ'iﬁ VeSS 01I3§ I FRSRETE OY (PSR . NI n a
preferrea enmbddbirErpreafontolie piefevdhitliaom intihird ti0OP6e. aiitind ABEeT Habk @rRaadl e 800
from the side

f handle 800. A sli and sna chanismis sho as an
exenpl ary ne oélglagflg aﬁﬁ“?@ﬁ‘?ngwlﬁrﬁe@g b Wﬁ?rﬁ&“ﬁ%‘?ﬂtergﬁ’?“aﬁégfsﬁf sifiesidt one
rail 808 dedepreedbna?¥58i Thuanehehamdheu86052hiasdaned] elden IB0gE g RtwEdDinckhed

proj ection 4.0n_t.qol .80 t ches projection. 812 in handl e 800. The
grooves andg cféh%&parngﬁgal 8§mﬁr{§n uge g(\?\no't’}:ﬁéﬁﬁ{)%f SIBRE REA i’t}é’egﬁ‘dtyt%e t ool .
Fi g. 12A sholssintearedlieng@6 e srepadiatad of cwoting toisd 968 Qdiichtsn didrgeterb? Bomegggopnve 810
engages 5 I gjd ﬁggﬁz In Fig. 12C, tool 802 is advanced enough so that

proj ections g‘f and 812 interlock. 25 Tool 802 nay be renoved by applying
suf fici ent retr &tdhonechauisoe?50teen by esed dorebottheraigbsangdtohliqe cofs, bihearpinpihect i ons,
ei t her bendj gl\g@y r ' them (for a one-tinme device). In
operati on,qg&g?%?ﬁ%f ) %sggﬁ&rgge%g&{%gh, is inserted into an opening 804 in
tool 802 and e 2 typwsal compleiobeprss prpce8@S. fofMhphRBHe gkt 1y atthvbedjoahtaortreniit i s

t hen insert i tune:dn._ v L Qs . e
potenti al e;g%lath F tac&gﬂ%*, @%’?%e&l {@gg{bﬁo& ctﬁﬁgllna %&S&ﬁg Iogiﬁ%lgoqdo%%sgﬁo%g At0 handl e
800, i s2% hathe femeraj etary. iAspunelsmycdhptien §54 anbe ustd faded bivpd pessda Joe giaftough

handl e 800, bel for %ﬁﬂle, ;P@e?r?&gﬁeﬂy Frofl M gﬂn%%ga 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 féatures 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

20



Anot her potential advantage is that it is easier to nount bAd®HAVIgAte a
short vein on a side-nounted tool. It is noted that graft nounting may be
required to be perfornmed even if the 18 vein is still connected to the
body, in which case, possibly, the vein cannot be renoved from the body at
all, or any significant distance. Tool 802 can correspond, for exanple to
the device used in Fig. 2, with tip 806 corresponding to graft hol der 136.
5 Figs. 13A-13F illustrate a graft eversion tool 900, in accordance with a
preferred enbodinment of the invention. Tool 900 conprises a hollow shaft
902 for engdGieiBess- Griles indhs medagjca gpbodinagpisnthg bocytigg of vagigps qiqmegis ngy band a

plurality %wxfc@é’dCﬁm&)uﬂ&U&HinQﬁle@@fhtmfﬁw%ﬂioﬂr@‘ﬂfr eSAPM sihifthirB iR 28X ERPHhar Y
enbodi ment, but 8t er. enpodi nents may have as few as one, two or three or

more, such WEMEEdss e fplepundhingsicyipes ang pyitching theteoving BNt forPHACEES on each

mount i ng podigthenBOrhercislbing nﬁ;tlf)ﬁ)fsﬁ'@;@l&ed m@mﬁﬁh%lﬂgﬁmnﬁ@ﬂﬁy@ﬁs’ fedt@ts, GhRI I LY,
the fi gures s how on(&%%({a E\r/b% forceps .in one forcep mount i r;l? mechani sm
o &

Al so, gr%ft f%’?éhofiém ve lgep desgralyed s‘ﬁé*wylddwpeem%bthmf&w Afee

provi si on ohayt BOkorBfiEed ihriffirgnt W38, Int;saaicuﬁ%ot 811 pHeORhaRY shdwnshiald i9P2. A
graft is provi dg_ﬁFthrou%h ogenln in tool 802 and out of its tip

806. In t hi YR FREOINEEAE DFrgTsa I‘ﬁFve”f élf'ﬂérrprf’fﬁ%?ﬁi spbodigieniidhe Pl i s
shown. dl—loweﬁ‘/lﬁﬂhd er, ajmt}ﬁlhtmrﬁlﬁ!?:ch%?l}mveﬁ“@furé&&? ﬁlﬁ oQoﬁsicgcei’eEi & bOwithiihe BRYe &ﬁoﬂﬁ@ ed

i nstead, an on_of. forc s prefer mat ¢ to the

obl i quenesspre %e?{'g&?hﬁ“%tﬁ of i 1n EWB?)‘Bl ﬂé‘fm"gﬁmﬁ?ﬁgg‘&ﬁ%‘ir?% EVEBPT ( not
shown) nay @bmaﬂyerbm iy Uset mdptem fdriyge 80, privgti@A detib@] id Bornd@ice v.emejmeed over
it. 20 In 3 ought over the _ti t 132 and
l osed. 1t TreenetSoilefi€ BP e M chin AN B FomihE B aSt Gt te

di f f erent pavengorpfhotlh eongreabnsldarqd limiting=thg inviBion imitd bloadest afs}mma msiyahcee rot at ed

usi ng theirgnec sotht the raft is . evert , all
the forceps g%é?oﬁgk‘éﬁglgq‘gﬁm 1f’;‘fﬁeou enl HOF'@Tlﬁac‘tthe{/glfl Odelfl%‘ryan ?Vélf ﬁ‘@te ted in
seri es. Marmpayhsaledni sm can be used to effect t he sinultaneous rotation. 25

In .Fi g. 1?13E th sfo%lﬁlﬁ'ptﬁe gJoETF Jeﬁlq'enqg}qgll‘ fﬁll'ég?cgplgs wqgch 1Pcﬁurf\@gtgston |$ngt h.

Opt i onal eac forceps down a anoun RET m ng an
obl i que evecleglcein sui@ple i %narllalkylg (] |Splg&06r lasmain nabber qm.feaxmstdnoma) csmpq:bmni t he

Obl i que ev%ﬁs%medtg aré TOOIQLCFB S I?gpé(xe%nﬁ%ﬁs O%SL{I’%]I’RG s for % cu 3%35 Can be

used to effect the rotation an Forc R Fig.
13F, the fowedpacaguraneytrempticd mell e/als'| ﬁrg»emdm gr dliet agphichtiahl bl(tmemgsetdoml th802 to
be

following claims, the terms "comprises”, "comprising”, "includes", "including" or the like

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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30 renoved and inserted into handle 800 (if it is not al reéd@ s:zt,l-:c;:)izrqg%rted.
The i nventors have di scovered that when a vein is everted obliquely, that
is with the everted part having different |engths along the circunference
of the eversion, the everted vein tends to bend after a while, in an
attenpt to release the strain caused(diyAIM§ uneven eversion. In a
preferred enbodi nent of the invention, this nmechanismis utilized when
form ng an eversion, 19 1 0 SEP 2003 even using a non-oblique anastonosis

device, with t . t e .t _curves after the anastonpbsis is
gi.. !ﬂ? il‘gfgﬁ%ﬁ‘iogls CE%E[GCECQ‘ CC?IIE p Ssdl}g

conpl ete Fi g. ustrates a "a hol e-punching tool 950, in

accordance W tahplarafityeb®rifn@ segnesiig) dogeetitr definihpe datiN ekpihdatiiBeinglide Phpd he
figure tqQ the |l eft of the axis shows the tip prior to 5 hole punching and
the sPde hgVing@dumpure to the right of the axis shows the tip after the

punching is : c Lses an.anvil_ 954 and, an outer
cutting tube 3§§B&§%§$SP§§QQQ“EQ§ﬁgggg&ﬁHH%P?¥?ﬁ“@%%%F?nﬁs%H‘to form an
initial hole ialedetsmelspikdhountbdtdheid dilotYabandrot#iblaGloaad sl bRiot bdrpr m ng
the hole anvil 954 is advanced until vessel 130 is engaged by a depression

958 in 10 anviwheodq ragiabdefesnayipnost spdaing-bka yhapasdogs nohshstandialy dlireody .

Cutting t gpdz S. a.f L. portion having a reduced inner dianeter
that is salflnéagﬁser han 88%%31?1081 aneter of the sides of depression 958.
Thus,jowhen cutting tube 952 is advanced, vessel 130 is cut between inclined

side 962 and the tip of cutting tube 960. A benefit of this design is the
rel ative & axi tfy cornecioplaeosdiog 4o clm| lo dhezsin rotatiomeithe divenidbaeis mec%lamcallmg

t ube 960 i r_of. so int, 15 of slope 962. Punch nechani sm
950 can b€ J%%%ﬁ?%Fg%%@%%§¥?%ﬁa%?Pgwgﬁk%ﬁFﬁﬁe cuts, by varying the

| ocation and/or sl ope 962 of depression 958. In a typical conplete bypass
procedure, for the heart, a graft is attached to an aorta and then to a

cor onar y vesséel comestoriarentdipe de ethime2, rbertio saileat least ond @ivod baoconerise lat
y 1B

for anp| 20 .1 femmral. artery. unch mechani sm 95 an be used for
bot h 51 ogtoveRRiy &b isFie Bel fensl oBe ke EEBOAME By a i C3t Al Bivpbm
the same bafs and@hidiREgAvotdaf isehduntd dLhBakHeY Blvwst ba, xenograft or a synthetic
graft may be used instead. The above description has focused on end-to-side

anast onpbsi s connectors. However, the above descri bed features can al so be
appl i ed £0 Si 25 connect.j ons and

e-to-side and end-to-end anagstonosis.
connector’s, f g’f CEPSHIT BePK ]il%g)l i %&??&Wﬁga’; b‘f%ﬁ’éeén Said A° lepsh R SRike dewmted
pI vot towards said ring-like shape.
20
5. A connector according to any of claims 1-4, wherein said at least one spike is pointed

away from said ring-like shape.

6. A connector according to any of claims 1-5, wherein said at least one spike comprises
25  at least two spikes, cach mounted on a separate pivot bar, wherein said spikes point in

opposite directions along an axis of said connector.

7. A connector according to any of claims 1-6, 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 any of claims 1-6, 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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bendi ng spi kes. Additionally, the above described spi ke and rTﬁgSS%gﬁwat
designs may also be applied to hole closure devices, that radially
contract and seal a hole fornmed in a blood vessel. Such devices nay

i nclude only "forward" spikes, to engage the bl ood vessel, at its side or
at its end. 30 It wll be appreciated that the above described nethods of
vascul ar surgery may be varied in many ways, including, changing the order
of steps,? whi ¢hoaneper agcording topmyeef qlaimisdes, wheseinsaiyl pived baniscdempaised ea t he
or der Ofs?ﬁ%%ﬁ%u%Pe anastonosi s connections, the order of steps inside
each anastonosis, the exact materials 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 1 0 SEP 2003 anastonosis. Further, in the
nechafi cdl- entfodionpertey, agopedingdat ¢laim & whertiousaid| spikentlsmenly chaprisasi tahed,
wi t hout ?%§§§§E§ﬁ¥she sprit of the disclosure, for exanple, switching the
anvi | utting edge in the hol e-punching devices and switching the
novi ng el ements for non-noving elenents where relative notion is required.
In addition, a multiplicity of various features, both 5 of nmethod and of
devi ces Hdve Heeangpstyracperding to shivul Y Wheereipprask spike ¢lentent idefcbenastst two
features combined in different ways. In particular, not all the
featuresagggéﬁggﬁgégn?ﬁ&a particul ar enbodi nent are necessary in every
sim har preferred enbodi nent of the invention. Further, conbinations of

t he above features are also considered to be within the scope of sone

pr ef er r ed2enbdd comieeior gecording itenelaimi b rwherein adidi spikerclemeontss aftadhied t6 ealyur es
of the invention. 10 described herein may be adapted for use with prior art
devices,gF%ﬂgégaﬂﬁgﬁ%e with other preferred enbodi nents of the invention
The particul ar geonmetric fornms used to illustrate the invention should not
be considered limting the invention in its broadest aspect to only those
forms, fdp. exdnpermccipheagcerding foranyloicldimedrl2, wheteowid atdeast hee shbbai atint s
an oval | n.. may be used., |Is so within the scope of the invention are
surgﬁgalaé%ﬁ%dE%ﬁ%Q¥n538%EH@‘?@F@Iof medi cal devices suitable for making a
single or a small nunber of anastonbsis connections. Measurenents are
provided to serve only as exenplary neasurenents for particular cases, the
exact nedéur edesamnegipphdcentling tol anyaxflaiep érldi whewin saivbatdpgst boaspikehas\dtim

used in the |l ow ng. cl ai the.terns "conprises", "conprising",
"'|nc|udég“?“{%H%YE%?ﬁ%abnggﬁﬁmPWP OUtRENGRANE 1% 11| udi ng but not |imited

to". It will be appreciated by a person skilled in the art that the present
i nvention is not
20 15, A connector according to any of claims 1-14, wherein said connector is heat-treated

to have said at least one spike perpendicular to said ring.

16. A connector according to any of claims 1-14, wherein said connector is heat-treated
to have said at least one spike parallel to said ring.

25
17. A connector according to any of claims 1-14, wherein said connector is heat-treated

to have said at least one spike bend.

18. A connector according to any of claims 1-14, wherein said connector is heat-treated

30  such that said at least one spike does not bend.
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limted b i bieShr 400

y what has thus far been described. Rather, the scope~of

present inventionis |limted only by the following claims. 21 1 0 SEP 2003
CLAIM5 1. An anastonosis connector, conprising: a plurality of ring
segnments, together defining a radlally expandabl e ring-1ike shape 5 having
a lumen; 8t Al @agéctOncfidipt to%z of BMphe L 14OwhéreinBARE coAnEctf is BddtdrdatddGuch
segnents; and at | east one spi ke nounted on said pivot bar and rotatable

ar ound saldﬂﬁﬁ%%dpb@Fbm“%h@N@ﬂn radi al deformation of said ring-1like shape
does not substantially directly affect said spike rotational position. 10
2. A connector according to claim11, wherein rotation of the pivot bar is
nmechani caloly Alesmetce dcédr@imytadhpbf dafms 1aui eheRfn Lideoddekier m@a@atreé?ted A
connector according to claim 2, erein said at |east one pi vot bar

conpr Bs essugh that sid pivet bards potvwistadar s, wherein said at | east one spike is
mounted on a first one of said pivot bars and said first pivot bar is
nmounted on the other pivot bar. 4. A connector according to any of clains
1-3, wherdin s@ishbtol 8aBtdifg & &Y dfeldiss woncvﬁ@remt é&‘f@ﬁlq& B kS fthil Gnlaki6®
shape. 20 5. A connector according to any of clainms 1-4, wherein said at

| east onextpl pesaidripgiike sipeaway from said ring-1ike shape. 6. A connector
according to any of clains 1-5, wherein said at | east one spi ke conprises
25 at least two spikes, each nounted on a separate pivot bar, wherein said
spi keg pant |4 coMRRRS 'aE&)rﬂil'nFQS hpBs cl%in@eﬂ 020Nk @ld pRLILAAD RESkPhially - A
connector according to an claims 1-6, wherein said connector IS
deS|gnedC@M@tdﬁﬂmwe@@ﬁﬂ@mghkﬁﬁmP@ne spi ke remai ns outside of a side
vessel in an end-to-side anastonpbsis. 30 8. A connector according to any of
clainms 1-6, wherein said connector is designed such that said at |east one

spi ke entBrs o ShalRcRHRErding Bhn§ W dAmR A0 2NASERRA PivolBar is outside an

axial extent of said ring-like shape.

15
24. A connector according to any of claims 1-23, wherein said pivot bar is comprised in a
pivot mechanism.
25. A connector according to claim 24, wherein said pivot mechanism is directly

20 mounted onto at least one of said ring elements.

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

single extension to at least one of said ring elements.

25 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.

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.

30
29. A connector according to claim 28, wherein said hinge comprises a thickening of said

mechanism relative to said pivot bar,
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EP. 200
1 0 SEP 2003 9. A connector according to any of clains 1-8,1J%§?giﬁ“§aid
pi vot bar is conprised in a spike elenment. 5 10. A connector according to
claim9, wherein said spike elenment conprises two opposing spikes. 11. A
connector according to claim9, wherein said spike elenent interconnects
two adjacent ring segnents. 10 12. A connector according to claim?9,
wherein said spike elenent s attached to only a single ring elenent. 13.
A connect¥r ack SPERASITEASCUANEIP agy f plnims P22 wédersim said jcgnpactar egsiprisesea

spi ke ha . t net rate bl ood vessel. .14. A .connector
2bcor di nd" el dtnBHRR Y 8nBATEk At af pBn 8 350 yyhbtean Sl AT BT
adapt ed tmedhayis@gakd Skialy @tagg@fe&,e@smowwat diedtbr RANSIbAPFdGoh lof ¢ Ae-like
connector according to any of clains 1-14, wherein said connector is
heat - Br edh@®f- to have said at |east one spi ke perpendicular to said ring.
16. A connector according to any of clains 1-14, wherein said connector is
heat-treated to have said at | east one spike parallel to said ring. 25 17.
A connectial ack esidied@r hetorliNg &f anloFiclBmd 156, whbRHial §idbthas MR@EHer | S
heat-treated to have said at |east one spike bend. 1S. A connector
according to any of clains 1-14, wherein said connector is heat-treated 30

such thaty,said | east _one. spi ke d .not nd. 23 1.0 SEP 2003.19. A
connect or Zaccdt %:é)?fbecﬁ)(g agﬁciy?lg)]g ® a&'lyrfﬁe “i@lﬁ, l'gﬁre‘iy}é‘?rﬁmssé}dgplc‘fB{:h@clﬁ greqegwise
heat 1or eatrgghguch that said pivot bar is tw sted. 20. A connector

according to any of clains 1-14, wherein said connector is heat-treated 5
such that said pivot bar is not twisted. 21. A connector according to any

i nge 11 ke shagb e gesh RociRlt Riatbiar Gimb T Al yPednm B R0, ¢

wherein said pivot bar is substantially

34. A connector according to any of claims 1-33, wherein said connector is packaged.

15 -
35. A connector according to claim 34, wherein said packaging indicates a particular
vessel type for said connector and for which said connector is adapted.
36. A commector according to claim 35, wherein said vessel type comprises a femoral
20  artery.

37. A connector according to claim 35, wherein said vessel type comprises an aorta.

38. A connector according to any of claims 34-37, wherein said packaging indicates a

25  particular vessel size for said connector and for which said connector is adapted.

39. A connector according to any of claims 34-38, wherein said packaging indicates a

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

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

smaller than said wall thickness.
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centered relative to said ring like shape. 23. A connector ddc@idi ngto any
of clainms 1-20, wherein said pivot bar is outside an axial extent of said
ring-1li ke shape. 15 24. A connector according to any of clains 1-23,
wherein said pivot bar is conprised in a pivot mechanism 25. A connector
accordi ngtlt o chaomethr ashedaigntosaiydofpilviats 3ve4tamhaeni aidpidkagihy indéhtepant ed
onto at | east one of said ring elenents. 26. A connector according to claim
24, wher d13IUAT FOPIGFHPN gRAACHY R34 corneplor and, fog whichsjaitgoanestordn adapted o at

| east one of said ring elenents. 25 27. A connector according to claim 24,
wherein said pivot nechanismis coupled via at |east two extensions to at

| east onel2of shiconrrectog aedoedivg tsclaidB4 1, Aviredin el @Eoraeeois A sit-toQnd |gdbrietadt
wherein said pivot bar is coupled to said pivot nechanismvia a hinge at
each é&nd of said pivot bar. 30 29. A connector according to clai m 28,

N ey ; i 0 2O e hani omr ol ot ve t
o pivar: bar SinEREREaRReRs Gy AN Bt o IR BREEE iR 40
24- 29, whertiiubar 9bligucaptegiontery FopdaldamnactoPdndrfat whith @kidadbh@ichitié Ahptddng

segnents and pivot bar nechani sm and wherein said pivot bar nechanisns are
axially staggered, to allow a greater radial conpression of said ring-Ilike

5 shape. g31. r r.di of, clains 1-3 erein said
pi vot bar&fs ?f%%&&%g%ﬁﬁ&%ggnngggg}a%ggb 3diwr¥'§relnb S%{ﬂf%efa\é\{g?lﬁ ?Pé%ell-séﬁ‘:[
wher elon st of @i oplosigrspike ofb4i€ oesr. 10 straight. 15 33. A connector

according to any of clains 1-30, wherein said pivot bar is curved. 34. A
connector according to any of clains 1-33, wherein said connector is

Kk d.4<35. ' | ai , [ id kagi.
o cat edisa pdl cORBPRFCoREERS ol ahPof i 14 BESH 5% Sp Braeibigd o
connect orsegiaei@tsl afhpises 3plurdlity@Tacallpspaed elefich@. t o cl ai m 35, wherein said
vessel type conprises a fenoral

15 46. A connector according to claim 45, wherein said plurality of elements comprises at

least three elements.

47. A connector according to claim 45, wherein said plurality of elements comprises at
least four elements.

20
48. A connector according to claim 45, wherein said plurality of elements comprises at

least five elements.

49. A connector according to any of claims 45-48, wherein all of said plurality of

25  elements have a same geometry.

50. A connector according to any of claims 45-48, wherein at least two of said plurality

of elements have mirrored geometries.

30 51. A connector according to any of claims 45-50, wherein at least one of said plurality

of elements has a single curve geometry.
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20 artery. 37. A connector according to claim35, wherein safd $e8seystype
conprises an aorta. 38. A connector according to any of clainms 34-37,
wherein said packaging indicates a 25 particular vessel size for said
connector and for which said connector is adapted. 39. A connector

accor di ng2t o anyomfectlr ate®didgd +3any vhehinn45300whaekagilagt bﬁ%&s’&i&ﬁluﬁali&y
particul ar. vessel wal] thickness for said connector and for which sai
connect oreticlemeatsiag g dualeunys gesmeliinect or according to clai m 39, wherein
said ring-li ke shape has an axial extent snaller than said wall thickness.
25101 . v E 41. A connector according to any of clains 34-40, wherein
sai d packdgi ng\ icodliccwi @scoadingas g of akirgOANS0] Whetee® &t Ynd OfF safBplihrality
connector and for which said connector is adapted. 42. A connector

accor @i n@felsments hes atleagiaee pyrvesdedingd theseyy i s a side-to-end geonetry. 5
43. A connector according to any of clainms 34-42, wherein said packagi ng
indicates a particular oblique angle geonetry for said connector and for
whi ch saisd. comeshi@ttor Scafding @6l and8f cAirkORNSS! WheraCR eHsNEnd &F Ay petalgy ai s
1-43, wherein said at |east one spike is cut 10 out of an opposing spi ke
of said cdglsaentrhas ayarymgwidect or according to claimany of clains 1-44,
wherein at | east one of said ring segnents conprises a plurality of
axially spaced elenments. 15 46. A connector according to claim45, wherein
sai d 1pl ursgl i t yA ebnedcaireadcerd R iaa.ﬁsofaélairﬂls?aﬁﬁt RiRR:i® | ABNESd fldralify of
connector according to claim45, erein said pTuraIity of elenents

conpri seslementy aysr cppyipntaridibent s. 20 48. A connector accor di ng to claim
45, wherein said plurality of elenments conprises at |east five el enents.
49. A connector according to any of clainms 45-48, wherein all of said
pluralityeof ARToshemEnacoRBNE 168 HFTEf SRAABIASYSS, SCompNsARNACH M dREHAfGM NY

to any of clains 45-48, wherein at |least two of said plurality of elenents
have i r rcésiespt glebpeat (pf'ecg)_nnectxon of at least one of said elements and a spike element to which

15  said ring segment is attached.

57. A connector according to claim 56, wherein said strain dissipation element comprises

a thickening of said axially spaced element.
20 38. A connector according to claim 57, wherein said thickening defines an aperture.
59. A method of everting a blood vessel, comprising:
engaging a tip of said vessel at a plurality of points around its circumference;
inverting said tip by inverting said points; and
25 pulling said inverted points towards a distal end of said blood vessel.

60. A method according to claim 59, wherein said plurality comprises at least four points.

61. A method according to claim 59 or claim 60, wherein said engaging comprises

30  engaging using forceps and wherein said inverting comprises rotating said forceps.
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30 51. A connector according to any of clains 45-50, wher ei11ﬁa€35f)ea®t3 one
of said plurality of elenents has a single curve geonetry. 26 52. A
connector according to any of clains 45-50, wherein at |east one of said
plurality of elenents has a dual curve geonetry. 53. A connector according

to any of62cl aiAeneftodSiconngy toi dhyadf dlAms 59816 wheretidk4ld phlling| dobnprisés @flling
el ements hags at |east .three curves defined thereby. 54. A connector

accor di ngg&%felatrgﬂ%ﬁfi%P%twsffgsr}twmn at | east one of said plurality
of elenents has a varying wdth. 10 55. A connector according to any of
clainms 45-53, wherein all of said plurality of elenments have a constant
wi dth. 5@&3. A cypaetiofor geGaveisi dfo @ay odr aGhaft Wevifba B, caMimMnggi Ny a
strain dissipation elenent at a point of connection of at |east one of
sai d @l enent s adwadlg fangneagiag s#idshatio which 15 said ring segnent is

hed. 57. | ai m 56, [ i.d [
i sei pati on cl'EAIESE BBl aRashtol BeiCh TRt sl aE Therd i Brben
20 58. Asgidshefizd according to claimb57, wherein said thickening defines

an aperture. 59. A nethod of everting a bl ood vessel, conprising: engaging
a tip of saidaRlesdity af jointp| eachione pswiiagasi with oae @fsaidi forceps, rfotirdtatingnendd

a tip of saidNESEHY alicitpl cehione wswriape with cae e fseent rourdieiunuel
poi nt st o il apPYEh s P ISR GeBERReR ' rothod accordi ng to

cl ai mp59, wherein said plurality conprises at |east four points. 61. A
met hod accor di ng to claim59 or claim60, wherein said engaging conprises
30 engagitgAusethed eomewspangagrafhsse comprsitei nverting conpri ses rotating

said forceps. 27 1 P 62. A method according.to any .of clains

56. 61, “whor o Aidurti? s oS op DRk iR R SR P Pt et gl nd
poi nt's dioht exeAtiotBiPKSto addndieppar at us for graft eversion of a graft over
a shaft having a_tip, conprising: 5 a handle for engaging said shaft; a
plurality of Mindapeingseiipadlesycothghsped extensionsfseparpted; graft where it

pr ot r1gdes for rpead%% &9 m%gs%];etxﬁen%glq a scale coupled to said spring; and

selecting an anastomosis connector responsive to said read measurement.

65. A method according to claim 64, comprising further manipulating said handle to
stretch said graft tip.
20
66. A hole puncher, comprising:
a sharp tip for forming a puncture in a blood vessel;
a shaft having a varying diameter and having a depression formed therein for
engaging a wall of said blood vessel, said diameter substantially matching a diameter of said
25  tip at one end of the shaft, said diameter increasing away from said tip for a first distance and
said diameter then defining a slope of diminishing diameter towards said depression; and
an outer tube mounted on said shaft and having an end, said outer tube having an
inner diameter of said end that is in a range of diameters defined by said slope of diminishing
diameters.
30
67. A puncher according to claim 66, wherein said end of said outer tube has a smaller

outer diameter that a more proximal portion of said outer tube.
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a plurality of joints, each one associated with one of sai& Qé?%%&@?afor
rotating said forceps pulling a tip of each of said forceps axially al ong
said shaft. 10 64. A nethod of measuring a graft size, conprising: nounting
atip of said graft on two extensions, one extension coupled to a spring
and one extension coupled to a handle; mani pul ating said handl e such that
sai d extensions separate; 15 reading a neasurenent on a scale coupled to
sai d spri®¥y; ahdusehesacrerdingrioafaist 6%15§i daigphhewheeinr wirh diminisbingodigmitgr r ead
measur e . . th ccor di. t.-0 claim64, conprising further
nanipulatlﬁglgg?%ﬁﬁgﬁﬁvﬁg?%nu% F%@gﬁﬂgaid graft tip. 20 66. A hole puncher,
conprising: a sharp tip for formng a puncture in a blood vessel; a shaft
having a varying di anmeter and having a depression forned therein for
engagPng & walA msthodaifdonming an olligislanagerndsisicenmetter, compsisiagt i al | y mat chi ng
a di aneter of §3H§i %5 t%%iat onetend.of th? shaft, said dianeter

i ncreasi ng awnay® Yromids” %ﬂHa?EF%?Qﬂ%%R“%ﬁ%&ance and said dianeter then
defining a sl apuing dhidicBhsditddtn dkfBin@r towards said depression; and an
outer tube nounted on said shaft and having an end, said outer tube having
an inner di afpanpulafingsshid easttaintsato jdsform zaidangenegfor dicamedesired dddgravedf by
sai d slop%.of dimnishing dianmeters. 30 67. A puncher according to claim
66, mheré1ﬁqggpﬁ%§ﬂ of said outer tube has a smaller outer dianeter that
a nor@ proXxi NMHeaP@édtin®Raid fcofiicthr Atk Edaid MBRipuRHon, t¢ nfhinthinRardWdoBnA PUNCher
according to claim66 or claim®67, wherein said dimnishing dianeter sl ope
is obliquely arrange around said shaft. 5 69. A nethod of form ng an

obl i que ast oymsi,s .connect Qr, . conpri si ng. rovidin non-obli gue .
anast om)gas cddgﬁbeg}(’grafcc H’ﬁ?? ﬁbllrgg-g dcod"?}ﬁ%él?ﬁ lgqagrrﬁgglg?ségﬁoﬁp‘?ﬁ?r 0¥t i ng
sai d restr@inihg, theraiel EMiRaic TANPRERH o fBafiedhh&dordegr ee of

156 71. A 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.

20

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

said handle relative to said tool.

73. A method according to any of claims 59-61, wherein said points are inverted

25  simultaneously.
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obl i queness; and 10 heat-treating said connector after said (réiPpdl&di on,
to maintain said distortion. 70. A nethod according to claim®69, conprising
heat-treating said connector prior to said nounting, to train a
deformation of a spike portion of said connector. 15 71. A side nounted
delivery system conprising: a handle including an opening in its side; a
graft delivery tool adapted to fit through said opening; and a groove and
proj ection nmechani smslidably interconnecting said tool and said handle. 20
72. A system according to claim 71, conprising a snap-lock mechani smfor
axially fixing said handle relative to said tool. 73. A nethod according
to any of clains_59-61, wherein said points are inverted 25

si mul t ane®¥SIRACI9  ABSTRACT LOW PROFI LE ANASTOMOSI S CONNECTOR An
anastonosi s connector conprises a plurality of ring segnments (106),
together defining a radially expandable ring-1ike shape (106) having a

| unen; at I to at |least one of said ring
segnent s I(Jig‘g?kw}é@t%‘g@%%ﬂ’w nted on said pivot bar (114)
and rotatable around said pivot bar (114), wherein radial deformation of
said ring-like shape (106) does not substantially directly affect said

spike (1080 ah@ddhbasadonR&dr! bMprids! HYikaldy of ring segments (106), together
defining a radially expandable ring-like shape (106) having a lumen; at least one pivot
bar (114) coupled to at least one of said ring segments (106); at least one spike (109)
mounted on said pivot bar (114) and rotatable around said pivot bar (114), wherein
radial deformation of said ring-like shape (106) does not substantially directly affect
said spike (109) rotational position.

(Figure 1)
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