1 0 SE P 2003 VASCULAR SURGERY RELATED APPLI CATI ONS Thi s gp@lgfﬁatgggp is a
Conti nuation-in-part of PCT application PCT/1L99/000284 an

application PCT/1L99/00285, both of which designate the US, the disclosures
of which 5 are incorporated herein by reference. FIELD OF THE | NVENTI ON
The present ifAvention relates to perforning anastonosis of blood vessels.
BACKGROUND OF THE | NVENTI ON Connecting two bl god vessel s, anastonosis, s
an i nportant surgical techni qu&-ﬁ@ﬂlﬁ%e%@@%ructi ve, therapeutic and

cosnetic surgery. The gold sigiderep afppaneatrpomsi s i s manual  suturing of
the two bl ood vessels in a side to side, end to_end §(E ﬁﬂ%{é@z%d%l
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and his hﬁaﬁdorposatﬂfhaaﬂnbj(mfpénbe 15 In addition to manual suturing of bl ood
vessel s, other nethods of at Iﬂlvgfé‘iﬁ‘l ssel s are known,

i ncl udi ng, staples and anast ormS| s r| ngs lications WD 97/ 40754 and
WO 97/ 28749, ThepreéiesCihogtion selats tm@eﬁdnmmﬂwmﬁ)ﬁ@dvh@ﬁ]éi n by reference,
describe staplers for c ein a graft is
connected on one of its M%ﬁgﬁﬁ%iﬁ an N Itﬁs other end to an
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surgery, the anastonosis, is sealed b ft a,
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of surgerhyarthmgmblhnhméduslseaﬁaﬂ@ffqnﬁfoﬂ)%d chest, .instead of cracking open the
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20  surgery, the anastomosis is sealed by stapling the graft to the aorta, while pressing both aorta

and graft against an anvil. In one publication, the anvil is inserted into the aorta for the stapling
and then removed, possibly by taking the anvil apart. In the other publication, the end of the
graft is everted over a ring-shaped anvil, so that the anvil is outside of the blood vqssel at all
times.

25 Recently, bypass suxgery has been performed using minimally invasive (key-hole)
surgery. In this tyjae of surgery, a small hole is made in the chest, instead of cracking open the
ribs, and the mammary artericé (e.g., LIMA, RIMA) are used for bypass grafts. The suturing
and/or stapling is performed using tools, for example as described above.

An even less invasive type of surgery requires no opening of the chest at all, rather, one

30  or more catheters are introduced into the blood vessels using a precutaneous approach. PCT
publications WO 97/27898, WO 97/13471 and WO 97/13463 and their priority documents,
namély U.S. applications, 60/010,614, 60/005,164, 08/730,327 and 08/730,496, the disclosures
of which are incox;porated herein by reference and termed the "Transvascular Applications”,

describe method and apparatus for precutaneous treatment of arterial occlusions. Two main
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of which are incorporated herein by reference and termed the¢ { Bt&ngidscul ar
Applications", describe nethod and apparatus for precutaneous treatnent of
arterial occlusions. Two nain 1 1 0 SE ° 2003 nethods are taught in these
applications. In one nmethod, a tunnel is excavated within tissue (outside
t he vessel) from one side of the occlusion to the other side of the
occlusion, and a stent or a stent/graft nmay be placed within the tunnel.

In anot heferiBt ARkau t G0 N hpitdtions. |10 @ak mimoa; mtmelgs aj'zdiavatsd aithiaciseet t 0 t he
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a bypass net ho I'S precutaneously brought to
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Ip{ Olblseren;ts: le :yg‘anmswca\? pubhcg.t?oef\l V ?/meblsﬂa%g ?tancfardl e\éugtl %gff‘)?o?éjcts?ﬂgz'er@ﬁﬁr&g thin,

1.html", available March 1998, the disclosure of which is incorporated herein by reference, a

method is described for reducing the complexity of performing a bypass surgery. In this
25 method, a graft is precutaneously brought to the aorta and pushed out of an incision in the
aorta near a site of a bypass surgery. A keyhole opening is made in the chest to bring a tool to
suture or staple the graft to the aorta and to the coronary which is to be bypassed.
The attachment of a graft to a coronary vessel is especially problematic, inasmuch as
the vessel is typically diseased and, being thin, it is easily damaged.
30 Many people suffer from blockages of the peripheral blood vessels. A typical treatment
procedure in these cases is to perform a bypass of the abdominal aorta, of the femoral artery or

perform a femoral-popliteal bypass.



30 Many people suffer from bl ockages of the peripheral blogdq ¥ggsels A
typical treatnment procedure in these cases is to performa bypass of the
abdom nal aorta, of the fenoral artery or performa fenoral-popliteal
bypass. 2 1C EP 203 SUMVARY OF THE | NVENTI ON An aspect of sane.preferred
enbodi nent s*°of the invention relates to a sel f-1ocking anastonosi-s device
conprising a collar portion and a spi ke portion conprising a plurality of

i nt erconnect ed spi kes, bot BUMMMR!C@FWEEHNEP@I@NpreferabI y formed of a

sheet material or a5tube terial er S Ina
preferred enbédi AR HFORHE S rFEOSHS efl fa}g elnmgrrt%ilzgerslq? i!sfqgcmal “nst the
col l ar p@histdibsiQievitatodisng & ol psitionasd s splmvpm'aom swdpz@mgyzemurahm ofdoes
not open by itself. In a ref rred enbodi maé gfthe '1{: elgt ngeriglho?
anast ompdMErCHEFried spikes, p RS SHORFRERPY formed,phc SIELIPSHaRd a

col | ars se@fdl Qhterid ;S:@fefhw %e |sé&ne bRREM 2 pRErieanmboayncaeof t]hte&m«reﬁﬁ(ﬁ:d then a
singl e conponent. 1n a preferred enbodi nent of the invention,. ﬁﬁl‘i’y(? | ock

| ncI udes spierportion kickss pgaingt the GOK3E RRTIICR Sp Hhak PRSP BRSIPIGRHS dgyics)is of t he
Secti pis notAfga ?ﬁﬁg&ﬁf &f 2 SRABrRRhSdiRE: RO BBE, Shéhnablofokinderide on
reI ates to an an tic nnector having a spring ‘el ement for, al | ow ng
rel ati ve isnfirmed otﬁewwemp@nem&o a\spikg eeaion i rieeallst sepfiop e ltermattemits Bvo
connector, tn a § phdl4RAthBdinfendSr (R Whaltohy of
spring el*SHSAT & eme o""\(i;:21 Sg‘éﬂ%ﬁé@ﬂip %Inhﬂg Ent parts of the vessels %ave a
di f f efentihe mumﬂum soaﬂeaﬂam}celmyptq exampie t afieve frelativedadnbogiioreAf hef fohe
i nvention, all the springs are referenced to a single collar attached to
one of tKEUBEsels. However, this is not essential and different springs
can be ref er engefpéco oflbdriepreftired Rmbodifictth of thessensionmkiter totan ARSHBeENT
portions of the connector. In a preferred nbod \ on, the
springs &PTRSGOF JPXNE\A SPHAS BFSH %ét%gfpgsbe e IW’: Oghb%vﬁaéélgg t("')v%e%\ggeegsel and

the col | abniRicaby greCRIRbMBEE QuicBBE ONTa pegEred. edeirﬁeEmaifl theligvention, a
additionally to allow ng relative notion nifl.cant portion he
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spri ng, erences I n the thickness of tissue engaged
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Alternatively or add1t10nally to allowing relative motion of significant portions of the vessels,

the relative motion may be limited to small parts of the anastomosis cornnection. In one

example, by providing each spike with a spring, differences in the thickness of tissue engaged

by the spike are compensated for by the spring. Alternatively or additionally, the spring allow

25  the areas of contact between the vessels to be urged against each other. The spring element

may be an explicit spring element, for example formed as part of a spike. Alternatively, the

spring may be functionally included in another structure, for example a locking element for
interlocking the two parts of a two part anastomotic device.

An aspect of some preferred embodiments of the invention relates to forming holes in

30  small vessels, such as coronary vessels. In a preferred embodiment of the invention, a small

hole is formed by first grabbing a small section of a vessel (e.g., a coronary) and then cutting

the grabbed section. The grabbing and cutting may be by separate elements of a hole puncher

or by a single element. In a preferred embodiment of the invention, the grabbed section has a

radius smaller than twice the thickness of the coronary. Alternatively or additionally, after the
3



An aspect of sone preferred enbodi nents of the invention ret@tgthgr%ornlng
holes in 30 small vessels, such as coronary vessels. In a preferre

enbodi ment of the invention, a small hole is forned by first grabbing a
smal | section of a vessel (e.g., a coronary) and then cutting the grabbed
section. The grabbing and cutting nmay be by separate el ement’sof a hol e

puncher or by a single element. In a prefer epbodi nent o
i nvent i oncorerey ireBihed, be@ribmerienent iy ‘&HF‘H‘%{ gﬂ‘ﬁlt &y ests%g W cehgte%ia"lbbed

t hi ckness of 1 SRR ¥ di %E&irﬁ@ﬁth\é% osﬂés@éiéiﬂthd:m?ﬁiahy after the 310
SE 2303 cSo“c"(relféor%lagr}ﬂ;}lelcf'(s?)rr r % d rabb% el enent %retra ted fromthe

vessel, so t haﬂm adpectgf mﬂbmwscﬂfﬂéﬁlw%%fﬁl%ﬁé? % ?é%%&?fo?%m t he

opposi te side Olcuhlf LY Yokt B304 CksiRl ORI @RRAYUIRIRARTent bithe
i nvention ‘?S% S es in a coronary vessel X@cuttl ng aI ong a

ci r cung er eragionf 2 aotatmgl cmadlghbrlvee iy providpt bevine & aereivh g@PbRE IR SV TRE ©
I nventi on, %éarb tat]ng cutt ‘1% & leyl ,?r% I?urﬁfeﬁs\ﬁlf“g qd ahﬁx‘éfe%d 2nfbSliinkad oigihabber
y

and a cut P¥ Pg’i’é’r n ormof a spike, on its.
circunfer ﬁmﬁmltae grab‘tlie@ﬁﬂ Kl wetntrofit pmwumgfvaww Algrpetivaloer addijenayahiser i s

a hol I ow tupe for pravi di n vacu m ter t | ¥ spikBe
grabber i §r2Bberds HaEehenicg)r Iﬁseﬁghg gr &?‘J{%t}gé vg%a sSbt e vesssel o)

that the ?éﬂeﬁfﬁes ﬂ@%iséla&ﬁﬁ T&E@pﬂte&ﬁﬁhng/\pdrhon fEhtherspiatel, eathay segtipo pf then i s
then rota so that a section of the 10 vessel wall is cut off. An

aspectloof V@Waﬂﬂ%‘%ﬁed enbodi nents of the invention relates to a

sel f-retracting, ,tdcB §fQbm@ PaBEs: erhbbdinddtsedfand Befertivhaelnter i a oflf-tetracting
invention, the ti retractse‘EH or to the hold bce#_‘ ?ﬁ_@ghed i tpﬁoﬂl ood
vessel . - Ptipfiarapingh. Itlfﬁeprp’i?ﬁ FRBediBent §h tiednyerten fbgp Fippor ° Facting.
Opti onal | ¥e1n£r%’%§°hte§§ o th® bf ?&e‘? bikfefBN Qe BRRbing @du@ﬁﬁeﬂsémey aby tip
provi di ng an I

t|on ety feature. An aspect of s%ly ngerred
enbodi menteractingt mnpmnenpn@nthe rtia tetreats ticamndigalh pdiapes, Y BRHIRE Y

obli que ho bl.o vessel. In a preferred embodi ment of the
i nventfon? éfﬁ@apﬁgﬁ%keﬁﬁch conprises two el liptical surfaces, which

surfaces are nah aﬂﬁﬂb’ﬁbﬂ Emetmefeagd]embddenents ofr the dpvaptiop, relates 9|4 holg,gpnehers o h
as 5 is def | he %Eeghélgg ol ?esssd b Cp?@i@ﬁé&’em@&duh&ﬁ%?ﬂﬁ@ﬁmﬁﬁoﬁé%et he
e I e

surfaces (¥ Bygeh ng a protrusion to better engage
the bl ood pyRSRMtL chBprites Wem@dczﬂ fsunﬁmgd; whidh asﬁae&star*t)ﬂotsmlebﬁce?@hr%@f

nbodi ments of th t Lat e ho h
punchi Hgné’zqurebm ol ngpoobs iR GSDEPRPER Bt PEFar B P hlsad oS

there 'ilsgﬁ‘d o RAQYSHIIE Rlchdthy ANEaFRIN 16 better sﬁ@gpﬂtelbﬁnodfvesshb
punch iand cau5| ng nﬁ%% fo 25 o]% her pargtgﬁof t he bl ood vessel or

under | yi ndeing pouniied Prafgbr abl y, the hol e puncher is adapted for
An aspect of some preferred embodiments of the invention relates to a hole puncher, in

which the punching action is achieved by non-axial manipulation of the puncher. Thus, there is

less danger of inadvertent advancement of a sharp tip of the punch and causing damage to

25  other parts of the blood vessel or underlying tissue. Preferably, the hole puncher is adapted for

key-hole surgery. Alternatively or additionally, the puncher has an axial handle. Alternatively,

the puncher has a revolver grip. In a preferred embodiment of the invention, the punching is
achieved by squeezing on the handle of the hole-puncher.

An aspect of some preferred embodiments of the invention relates to a set of tools for

30  anastomosis connection, in which the tool surrounds the graft. Once the graft is attached, the

tool can be removed from the graft. In some embodiments of the invention, there is a slit in the

side of the tool, through which the graft is inserted and/or removed. Altematively or

additionally, the tool can open or be taken apart. Preferably, the tool includes a peg, which,

when a portion of the tool is pulled over the peg, splits the tool portion apart. Preferably the
4



key-hol e surgery. Alternatively or additionally, the punch’eb §%§eaaq axi al
handl e. Alternatively, the puncher has a revolver grip. In"apr 83 red
enbodi ment of the invention, the punching is achieved by squeezing on the
handl e of the hole-puncher. An aspect of sone preferred enbodi nents of the
invention relates to a set of tools for 30 anastonbsis connection, in

whi ch the tool surrounds the graft. Once th ,graftt I S tha ﬁ%%af\legeoft'ool
can be rdeelvisdprerspii ©Ohet geat tPeriprptedo AOVERB oW N B &1 e hVENt

n, there

is a slhit,iiohhif 1oSife Dbnifeheplodfbd, WHidHOMHE riph iithosieri@nakially Prefesblyt ed
and/or renoved. "Alternatively or additionally, the t.oolth c%éalperé.%r be
t aken apathe knifr afidr abg gre statienany gnd thedpel POEIoRS Floyes (g, ther © Bmhf i on of

the tool i%g@ﬂé%glg, @¥E§jfé$}%e &b SRkl bridniy, IRObolRAdIEdes B rafBsdtionwiitier abl y
(o]0}

the 4 1 0 I's ‘pre-split or at least perforat ?d however this
i s nots esmevrenisahe sopbtatiomaf the erayspylt took dEvev e HIg §j2id FOHIOPRf udgs pR, PP s

provi ded, ich knife ri [ AX 1 AbbVihe BB kS ERR] 6, thattthe knife
and/ or pe‘élumg?’eong? Q}ei%%gprﬂ;%%(ﬂgg{%%%&%%gf{%g ?ling%’s rrpvez rel atI?ve t her et o.

Al t er nat i ath yan Srresoeidtfionm thieleylogitpetolin Efempary eags @sechpkibare ogpei BFELLy | t he

tool includes a ri.ai 3@,% ti nev\lé'{%‘i‘dﬁ’?}d%% thiagt\égiggign{ou B TRAL 3L dIORaPEoriRe

pre-spi | t & agpiiom ron | ncludes an openi ng, Wwhich,
once the p&gas Rl tvith Aitferdns att@hmant. etltetetivéle oopdsiitianglly, dbd tools eteeadaried £of o

spilt, so that the raft can_be renov f.rom.the encl osi npl ary
ol 519 akashols Poadl GUGTBRGY ol EHBHay et (s AaRed Rt kol debF

everter apf.ahcafaahRpRel s mounter. These tools may conprise a single tool

with different attachments. Alternatively or additionpal Hé 1% agg%iﬁe are
adapt ed for 10Akermesiyplyionaddiinnaiy fhe taplide i QPP BIRE Bl PPoRar 1%y e tools

are ad?‘p.tﬁﬂerf@{veﬁr ch%a&lﬁ&@aﬁa},tuﬁﬁc&& s 1R BREOGRAReG0aPPr oach. Al ternatively
or additionally, "the tool is cut open using an external _.tool, su&h %2 a
knife. Al ter nbn iaspstlyofosorarimiefarsh Ambpdimgnts; of the inyeption elaes; '8’ A MO8 §&n t he

tool . A0 GSBEEL o8larSOFoRY ELEELGH GO Oh o Refehol ebblimenebalhes o a

met h-oc'i5 of ngagli ng an anastonosi s connector during dg@l ment. Jn a

pr ef er r edinesdiodj the rbnettotr freludenvielsndt one (ransaxisth RKEHPS:i I Pt SPE%st one
(transaxig).) .t.hickenin ref er.abl ' FhlSthk Midod8/etsan theseby

pr ef er abl %%a‘?@gﬂﬁﬂgfﬁrﬁb g%egﬁgg%{%%aﬁang&ﬁ?%m?{he bl ood vessel, thereby
pi er ci ng pierirdy OBloyEs@edl using hopked shikes wphkebercirietddheoronBictas flerpativelfe
connector. Alternatively or .additional] 9i"§§£ ' L BioHS @&ksdiompush
the connet %S#ditPBfﬁ%h#&g!“%]ﬁ?P@ if A& B ﬂ\‘/%csoé]%%k?or}fn giln mryﬂelf_ erred enbodi ment
of thegi NyeRirkem chRiERithe |e ivehtidn, tiestikd ok evhiiehgthieshickemingdis Srmed #st i c,

super el astic or otherw se noves out of e connect e Jhei
anast onos Elgsticg sypce glaptic enpheRray. eyt f”h glea‘f'?gg?cg%oéi&gp‘ggé\% té%"f%:ﬁ%t s

di sconnecygfed ik Qﬁbﬁ)ygcf AlLQY BN inabeBbsiPYevice is disconnected from a deployment tool by
~ allowing or causing the spikes to bend out of an axial engagement by the tool.

An aspect of some preferred embodiments of the invention relates to a method of

25  mounting a spike-including anastomosis device on a graft, without a separate step of everting

the graft. na preferréd embodiment of the invention, the graft is transfixed on the spikes ina

first configuration of the spikes, while maintaining the graft in a substantially neutral

~ configuration (e.g., uneverted). After the graft is transfixed, the spike configuration is changed,

for example rotated outwards, so that the spikes are in a better position to engage a second

30 vessel when the anastomosis is performed. When the graft is advanced towards the second

vessel, the graft is preferably everted by the contact. In a preferred embodiment of the

invention, the spikes are hooked so as to easily penetrate the graft when they are pointed at the

graft and to easily engage the second vessel when they are rotated away from the graft.



al l owi ng or causing the spikes to bend out of an axial enda@erghtpaty the
tool. An aspect of sone preferred enbodi nents of the invention relates to a
met hod of 25 nounting a spike-including anastonosis device on a graft,

W t hout a separate step of everting the graft. In a preferred enbodi nent
of the invention, the graft is transfixed on the spikes in a first
configuration of the spikes, while maintaining the graft in a substantially
neutral - conf iAgussptitorf somequrefenecevmbodiniynts Af tlesy invention Talates 'g 2t 1PEhed Pxed,

t he spi ke_confiquration.is, ch ; : Sent 3@ t hat
the spi keeé’ergil"ﬁ ai%’ﬁa l%gﬁcér%hepggﬁt% ﬁ%%\s EogQ%%%@g&stgggﬁlggBP%@ when t he
anast omDsthé giag eperihor prefredNrebodithent gf dfetinvestio venedobf tsweraliss grwed dgbnd

vessel, the graft is.prefer everted _hy. th : B, red
Enbodi rerbeugh badonBiit FaR EREtE) e SRToR I £ be otdl wAIBNE GE
penet rat esvki@l. BreddriblyTee midiiey batweep tienttedna thet draft agrailbved kv wevereths iend

engage the second vessel when are rqtat from .5 An
aspect ofofdbmibp P"é’f’@rﬁsé‘cﬁ%%l'déo% Eacgpfﬁﬁegr?efﬂﬁ%}%% o ﬁglcg%}glggij chgssr%gt hod
of everthnfadcAhad fot dirBetthaRat he graft end is rolled up back over the
portion of graft adjacent 'to the graft end. In a pref eh[ed enborgiégeggt of
the inventionAn pweetrf metprefegpd Fmbpdimgnts of the imxeruopEIATEes i 2HHAE R over
the graft fL8" & b SefRal 258 0ed Rndarl Uier O efafiiivehdsthe end
is 5 ever%vgﬁﬁgsﬁgﬁbg%%?’ IP%@H%$?on_bet ween 't he tube angfthe raft are
al | oned. diswesnd of thergrafyrid 2 na¢ferereerphpgiment pf, g ingeniion, thegra b‘rmf"éﬂq My back
of the 0rghd or FAL A AUt ind Aer BUE 0P Vb AL piSficd, SrerBEON IRl iRAMAY
directly manual. An aspect of sone preferred enbodi ments of the invention
rel ates ttowardewtiehdistalodnd ofvier grafugPraferablyd raifer shagreagspingithe naer 6l phide g84b end
is rolled, forward, over.the g]%%ft, towards the 10 distal end of the graft.
In a prefBF P R 58835 h R e i nvention, the graft is nounted on a tube
or inside of iAn af@ct diesoneaprefered efabbdimenis aff tthd svputisnenglategrie faemahpy ol n
smal | increments, ., towards the.distal,end of. th I r at her
Chan &F asPRHGE ¢ RETABAT S Bt SPeqa 2P Dt popial dgd B oft E%%a%‘é%*%ﬂa
pushed. ARis3sdiesd is QfcdIorEmpkeiEhe echrashat grei tvitheft etdrtng the grafti byncaueipat es t o
a nmethod of 15 shapi n% a.portjon of a graft, e§pﬁ ieallgn%n Ff{éd a@gg

possi bl y #1 ewl af thegapis o fhickeg, by ¢ pr € {prent Of e YEHEE 1S FEEX for

si mul ati ng b heeMRES 197 tpEB‘fer?edgsE@foain%£ SIaHE inweioh] e gtdfieis giieifened anyitscadsi ng

an end of the dgraft”  to thicken. In a preferred enbodi.ne e invention,

nt...of t
the graf t by axially epmmressipe she gplj end. Sreferablirtay pdel COMPEFAR H{m%?F 3% 19598 nt i on,
the graft,i ' [ B iedrd Y inh QREREST T doRfpr@sioh inagnd.
Pr ef e%gbl %%aﬁgto;ééfgﬁ%agéng%gga;?gﬂmﬁgl I@zggér_a 1for m i nsi de Zodﬂ?he raft, to
set (i ncrixamed tafbumensed tat isnernensdioylar tde g¥ia pr the AHBPIeH MRS © ined

corDr =S AHE g e b TP i d ot it ks

oblique end. In a preferred embodiment of the invention, the transfixing of the graft thickening
by the anastomosis connector assists in maintaining its shape. Alternatively or additionally, the

25  thickening causes some of the intima to be presented along the end if the graft, assisting in
performing an intima-to-intima anastomosis connection and/or an adventizia to adventizia
connection and/or matching up of other vascular layers. In 2 preferred embodiment of the
invention, the thickened portion is transfixed by spikes of an anastomosis connector along
paths parallel to the graft axis.

30 An aspect of some preferred embodiments of the invention relates to creating an
everted graft end having an oblique angle to the graft axis. Direct eversion at an oblique angle
may be difficult. In a preferred embodiment of the invention, an anastomotic connector has

spikes that are pre-bent so that their tips are at an angle substantially parallel to the surface of



to formother shapes, such as a saddle shape to match a pr &ffi 15 Pof iz
coronary, or to forman oblique end. In a preferred enbodi nent of the
i nvention, the transfixing of the graft thickening by the anastonosis
connector assists in nmaintaining its shape. Alternatively or additionally,
t he 25 thickening causes sone of the intima to be presented along the end
If the graft, assisting in performng an intim-to-intinm _anasto Fs
connect i dhe ether/vspseh 7 has VsE the giak & pagiadyeverted ag@&’r‘?r?@’(lfﬁ g © %ﬁ%@rouﬁ%hi ng
up of ot *1@"5 c%‘?esagiwﬁEcheﬂ*bé%fd%-of{h@_g?afpizﬁfa%d’t;ﬂﬂcoﬂ{ﬁl@i‘ﬂgﬂﬁm‘/el@ibnl he invention,
ned p

the thick ortion iIs transfixed by spi kes of an nastognsis connect or
al ong paths paragpiced! ometprrferpdsmbogisrests of theApventignreatssrio & for FASPEFT ed
enbodi me ' ' LeSmtiRy fotREI dn APref@MaArdhBdigtoaf ¢f tend
havi ng an%ﬁﬁ%hﬁg’?%{)ﬁg‘i{ té(:) t Je&g?aﬁ%[{ax%s.o Diﬂrieact gz'/eer si.on at, an ob&i gue
angl e 5 neiyvensorithief spikeltip. is splitafopexaimple intd watvo dirsrdines G2t 1k & YR {abhIn an
anastonotic _connect ok h I : r 1Delt 5By tRAkpikd18hd spikdsS are
at an angﬁ Eregegﬁgteglﬁ? fﬁlﬁea@()fpggalweéngﬁ’g&yﬁlegsgg%ﬂi?g(t}g o? gyl Olplsé P 3%03 t he
ot her vesseincesTdnpyntiMierspiitiecagioaiecisshepmrie.i Qutlopally thetspilf defigestaeide prales ar e
extended ,out, the, tips can easily pi.erce th | f the graft and assi st
in conpl é'{'eF"FFﬁnf}}‘?émﬁ%é&%‘]e‘éW[ °%PPTS?E;°EC°€ g%ﬁle g%t“ﬁgenzti?%?%e?'r ed enbodi ments of the
i nvention rel afregsge@t 8f bohieNpadferteds phkelimtitp of Sbé uhventiorprestentté rgkit her spi ke

from advancing too deeply. In a preferred enbodj nen f the, 54 i on,
the sHi ké’effPEI%F'% bnses ETBC%BWS&%H‘%F eﬁaﬁ]{%ﬂt‘%’“@ Yﬁ*?f‘eifefglf ?xr%ng’le(lg%%quég Pll; ke a
tuning f opkdndoldingd aPL e kIRefepabambimantnt OF tHeh@vdntivgnution kitildmlea agraff t i s
pi erced by the spike, the spike advances Bﬂlé‘% gnédl t.ge sgi.ht l.ocatd on
meet s t heiaxing g anasiprmobA §pnpctor paunte 4&935'61‘" e0f 2 HeridoF BUABE MFRH! ¢ he
tines, t ol éel Q0b GQIMARRSIARechbn IdciSiR. Rel PRAMcl REbbdiNREL ofthe aB/atidn, Of

sone preferre enbodl ments of the invention relates.to.a kit far 1t8
per f or m rige byigasemprises @ dwide sviten Alfernatively dieaguideris A rteit BHAT- ) temal ey, 18 o
exanp in. I abdom nal aorta. In a preferred enbodi nent of

t he i%veﬁ%ﬁ?agg%ﬁ%gleﬁh{agi ncludes a graft having an anastonotic connector
nmount ed at eacin espelctt dfesorsf praferted embpdments of g vpRilopHElE 4p 12 MBEOROEN t wo
anast onosi s _connection | ocatf | : f g eqbodiestodds khepper

i nvent i orﬁﬁﬁ:ast‘%a@ﬁfaﬁtéc otibrh ggggl%adeg@‘? gréjﬂ{wgrcgﬁsru% t'ernati vel v, ‘the Uide is a
rigid gui@estrabits gtovatthyddvice t6 Aefornd Sndyietadl itsedf fom plotmeieryiednglonid@e I¥$r aspect
of sone preferred enbodi nents of the invention relates to a nethod of

rel easi hgw&ﬁtraérftast i c or super-elastic device froma constraint, in which
rendvhiig an UpRehspe@ATShindiphiferral dnabiirhdies ofeié Grevettiondefapesrto anwtlickyeding

itself from protrusions defined on the lower_  constr.aing. .
anastgmosis connector. In a pregcrreg embodiment of the mvention, tthe connector is pre-

stressed and forward spikes thereof are inserted into a graft. When the spikes are released, they
rotate in a plane perpendicular to the vessel axis, everting the vessel. Alternatively to engaging
the vessel by transfixing it with the forward spikes, the connector may include additional
35  crimping elements (e.g., as part of a flange), which crimp the end of the vessel between them
and when they are deformed, pull the end of the vessel along, for example to form an eversion.
Necrosis at the end of the vessel may be considered insignificant in some embodiments of the
invention.
| There is thus provided in accordance with a preferred embodiment of the invention, an
30 anastomotic connecior for connecting a graft to a target vessel, comprising:
a thin collar section, adapted to engage a portion of the graft; and
a separate spike section, adapted to mount on said collar section and comprising a
- plurality of spikes, each of said spikes adapted to transfix said graft. Preferably, the connector

comprises at least one locking element for interlocking said spike section and said collar
7



20 An aspect of sone preferred enbodi ments of the inventioh(rgifategato a
self everting anastonosis connector. In a preferred enbodi nent of the

i nvention, the connector is pre- stressed and forward spi kes thereof are
inserted into a graft. Wen the spikes are released, they rotate in a

pl ane perpendicular to the vessel axis, everting the vessel. Alternatively
to engaging the vessel by transfixing it with the forward spigfs, t.he -
connect oseatiy. Frefetablye saiddpekingnelemes is forrasr 9 2iderpllst SoRPPelebly 5o of 5

flange), W ‘ill}(é:éle rehtr‘%Hat%J\gifﬂ?élﬂ?%Huﬁe%@?ﬂeﬁfb%%gid'%flk&"é‘e%ﬂoﬂ.hem and when they are

def or med, e en vessel along, for exanple to forman

eversi on. Nebropiefertl etrfbediaredt of the heveyias a3id deglingecleraeis PERYIGeg @ spring-
insignificant jn some_enbodi . 2 LOVv.ent isﬂﬂirt FRSA8hikS sdchidtSanidr ovi ded
in accor &%@ew:[}\ﬁc? ﬁé%’:?nﬁ?sﬁseI}Elragng}élﬁ%%Iﬁx Erfagﬁ%wg% the inventi o_nI,) an 30

anast @notat Rast panefshidrcoflarsectivneith a frgceadegeralent ondherangaf@rotPdssel |

conprising: a_thin collar. sectio

.adapt.e PQtdRe Phudehe
graft; and a Ebbﬁq?%cdsmwugggtqr}o%? ‘“a“g‘é“ﬁ’geéﬁ? %Bﬁntg%ﬁ%&gn% d col Tﬂgr
section angicCRmRRISARGmaiveB) o akditioyialdf sAiipiks, are ackbent irsahebksiiare siddapt ed
to transfix said graft, Preferably, the connectpr ri : t one
| ocki ng. iR BoricrtapHis HIRELTo Rl tF PPl e oY o gy 2aet
section. ByefacablVoonpaisds h QAR 6f eamet clémerko prodinaintes siid tangttl gessgdor ti on.
Preferably, said | ocKi ng el'emrent mates vvitha?fg a er{?ure ef i Qseg]f&% sai d
spi kelosediréfeormbly) paich flgngsr elemens datirsgrneamics &9r 38k STIRS &8, Y 4T 410 R ng
el ement pyoyi ey 19 BnciMai £ NeRAE bh®PpEsani S Shetebatmare, midd on
axi al bet‘%ﬁdﬁqg y’?seagdsjthhg%r%ﬁg% saicd spi kg secti gn agnd 5 at |east part of

sai d col leasughefot dngof said siikes t6 by ereught Bthwest- on the range of notion. In a
preferred embodi nent of o [Overigh GaRiPidiar SREbh ABfRe Myiif@kaR
super- el asti g“ ?’ré’fere}?rlrea ?ng%%frgérhxg?itﬁ&/e_e §e or "addi tional | ?/ sai d spi E,es are
pre- bent ol Aekasvelper additidnally, said dolardseptinakis Hapsed 1osToRB ARTF s ahgage

the target vessel .. Alternati.yel . i Ji d j hitgho&d. ement
conpr s e SRS, 't?lfl‘atb“fepﬁ’ls %Ej%lyaé?%urr@ﬁggad ?égi%rkr%ffn%?bgg?ﬁﬁfﬁ atr_ g?at vessel . 10

Preferably, saihgrefid aRggroekiedrandcsordatcs mith apesfermdesnifodimens pEiths FiveEtion; Shent s
to pass through, Alternativel said flan nclude at | east one
openi ng | WALHBYC GIBAGOHRE LY CONREE a%ﬁ@ﬁog%tawgfveggﬁgqgﬁbé%# spi kes to be
brought in thodeYor didaginpksd ghafied enbodi ment of the invention, said collar

ol | ar sect | o HsId b Tg FBHALE Pt Beh aiecp e P Bl ang [y, Sal e
Alterpatively, E&Qﬁt@p&@rﬁ@%laﬁﬁﬁ{ dtQheld So Adedst @@ df eaifl epikesavhizbispripgeslement
anastonosis. There 1s also provided in ag¢cordance th.a preferr

embodi nentouples & kenriepiiaaetween said spiE 2a¢ ﬁ&gf’st? %ﬁﬁlﬁ@ ’c?fﬂdfsgﬁ(e% %%Sgcﬁaﬁa a
~graft to f%n%l%rsglgfe eYonnf lAlteﬁﬁ{m{ﬂ/,%ﬁngﬁikcs and said base form two separate elements.

In a preferred embodiment of the invention, said spring comprises a flat coil spring.
Alternatively or additionally, said spring comprises 2 leaf spring. Alternatively or additionally,

25  said at least one spring comprises at least two springs in series.

In a preferred embodiment of the invention, each of said spikes has at least one
independent associated spring. Alternatively or additionally, said connector is configured for
performing an oblique anastomosis. Alternatively or additionally, said cornector comprises at
least one tab associated With one spike of said spikes, for moving said spike. Preferably, said

30  tab is adapted for retracting said spike. Altematively or additionally, said tab is adapted for
advancing said spike.

There is also provided in accordance with a preferred embodiment of the invention,

apparatus for delivering a graft to an anastomosis, comprising:



a base for engaging said graft; a plurality of spikes for{t) &i$f ppggang said
graft and engaging said target vessel; and 20 at | east one spring el enent
attached to at | east one of said spikes, which spring elenment couples a
connection between said spike and said base. Preferably, said.spikes and
said base forma single elenment. Alternatively, said spikes-and sai d base
formtwo separate elenents. In a preferred enbodi nent of the .inventiegn,-

sai d spring coaplasasoaute-bite denents athndefining anewnsarie\adpied for B s | v,
said spring conprises a.leaf I |\ € ditionally, 25

sai d at Iegg‘gbfsugﬁglagﬁ?igﬁg e(’:%a)t?rpth?‘lg{lgggq}a t%&egfgstgﬁid\}\%qg%re%e?gf n series. In a
preferred enbodi reAtonefkedatuor slarsamt nonpted aulat Ishstoa of spd kds-likg slegenisdolst one
i ndependent _assqci at ed .spr,ing....Al ternativ r [ et
connect or SPHIES e ‘8{’1‘?’@5 S‘I}‘)lgtm%%ﬁgﬁsfek rEF’lnt%gSOatﬁé é{)aﬁl cﬁgggﬁg@@g%@gg% fting

Al t er nat i gt Ywiich 8ldligan Bad lfyst eadiant saihametiirer Pogarphly,seid adtleast @gsePBHET t ab
associ ated wth one_ spi ke of said spikes, .for Vi | i

Pr ef er abl yompEse a3wile a\t’énqhscu&(fa%tsgh spafigly %fcﬂcﬁﬁﬁlé’néslg’rg s%ﬁ ipat 5‘%%‘* Tt vely
or additi Q)Eﬁ%:hyes 2SPhedlad- WhidoSwiadRph edlsdrprslit imdvidneng femisdidsritke. There is

al so provided 1 n accordance with a preferred enbodi rt{%nt of.éha%(i) é/retggj%on,
appar atus for delai mefeired; cabediment eighe yvepnn, Mr,gParatys GIRPPETHE: O8*16 sE P
2003 at | epfity pRedbGa e sbhespRRing ukaelt Rahimidgyatuapdr Mieeaddipbed | or
‘inserting sard” graft such that the graft exits throu ??tdg&ifc%hst e of said

tube- | ike wifisionsilys saiditube-Skie elewprss e pEAPIAISP CATARETES B LW BR“YF 848t one
of said tube-like ol at :Bgoﬁvi({gsﬁrin a&B{dg{aiée' Whth 4 pRf@fcdembedintai 6f thebeettiokea

el enents, so the gra e renov through a resulting 5 slot, which
sl ot spansme&hbdoffiremeting agrafiniglivey thobfsem ay erclospd gREr WBIPPSINERi d at | east one
separator conprises a knif L.C ' Lehemif) LBt ingel y or

addi tionally, éaﬁ n%?pﬁrtesggdtem%\,grqéo @g%g%g%%@&c%ﬁprﬂgés a spreader which

wi dens an exi strbmgviag bdid grafichiodgh saixbslotoPlefarahls shid siit-dermingelgmer spBPREY

enmbodi nrent of _the ipnventiqgn, ,the appara j g : sashi ch
preventd saaFertthﬂéng‘rs 6?‘?‘%1 %‘%ﬁ %Et?rﬂ%}“’gﬁﬁ % %éﬁﬁ?l&ﬁgpséﬁfss ? (ﬁ cf?{grﬁl?%%}%g%t lrégl?%)%d .

Al t er nat i VeliteAbr thdtQviaghliah eigmlg s¥it insaiddutteube- 1 i ke el enents are adapted to
carry an anastonotic devi ce hetween them. There i.s .al . ' [

accor dance wi t Hng pieiied P‘@B"‘B’i‘?ﬁ‘gcﬂ%r‘f@%?“’?f#mf‘h © orﬁltﬁoo%?g'%q\é{ﬁ%?%%hplg?ﬂ
renoving a,gr bt ufl@lehMBley shiaOdraft.rmBleABlve Bl QoRdtiog afdes stidripbd sgafmgt 2 slot
splitting apart said tube, to forma slot using a slot-formng el enent; and
removi ng sérdingretgent hr ough said slot. Preferably, said slot-forning

el ene ngo conpr i SRS, préﬁn‘ad %ﬁb&&m@ﬁa&f tﬁ@iﬂv&rﬁioﬁ,aih_g nhdivd. coAlpriedsnadiivg bajd elot-
additi 6hally, said slot-formng el enment conprises
forming element relative to said tube, to form said slot.

There is also provided in accordance with a preferred embodiment of the invention, an
anastomosis connector comprising:
a ring shaped base having an axis;
25 at least ope plurality of spikes on one side of said ring; and
at least one transaxial thickening in at least one of said spikes, distanced from said ring.
Preferably, the connector comprises a second plurality of spikes pointing in an opposite
-direcﬁon from said first set of spikes. Alternatively or additionally, said thickening comprises
a point where said spike splits into tines. Preferably, said tines are shorter than a thickness ofa
30 target blood vessel for which the connector is designed. .
" In a preferred embodiment of the invention, said at least one plurality of spikes do not
apply radial pressure towards or away from said ring, once deployed.
There is also provided in accordance with a preferred embodiment of the invention, a

method of containing and releasing an anastomotic connector having a thickening, comprising:
9



a spreader that wi dens an existing slit in said tube. In #&{pB&fepspd
enbodi nent of the invention, the nethod conprises retracting at |east one
tube that encloses said graft. Preferably, said retracting urges said tube
against_a slot formng elenent, 20 In a preferred embodi ment of the

i nvention, the nethod conprises noving said slot- form ng el ement relative
to said tube to formsaid slot. There is also provided in accor %nce W th
a preferred em‘oﬂdxmigrnmdoa‘onndfw)rlbnv@nn irem fubamn said ibiskeaseineconEEte

conpri si arin a V; one pIurallty of
spi kes on’g‘%ﬁmg%% %J]e"g plr?%ﬁ.lsmﬁde d%ﬂagggogﬁgfs%@%%g%gl t hi ckem ng in
at | east one @émswdhg aspr loa&r ode oif ssaidetibés; emahs tiad thei wgnectqu@fématﬁngl h§ he
connector conprises a seco pl es pointing in an opposite
di recti oﬁhp]"?i'ﬁﬁ‘%léf‘ﬂtqﬂf‘?@fnegg’y 28# @B?Sﬁé%epr ieirﬁnatl vely or additionally,

sai d tfi ckeni MheRGHRIH $RVided i @tcdtdaideewich spreampuem@oélpient of theinyentiones .
Preferably, said tines are shorte t han aaigt ktnes el%o glqstl rget bl ood
vessel f oreilipd efperfABniag AnERHEMOPS %ﬁ?”gﬁ% MG WIS e e e 3di ment  of

the invention,gaind a8hndsRRAfsis@Bncplondd ht Yargdh vespiikes do not apply radi al
pressure towards or away fromsaid ring, once deployed. There is also

provi ded in acgelesingé ieastionp foavprdspike PERIGIAEB®IMent of the invention, a

met hod of CO“tr@ﬁilhﬂﬂsﬁ&&nh@ét&%ﬁéma@&dqn@%}m@ BeRennRtianget asd:ngd a
t hi ckeni ng, conpr1 st ng: P 2003 cont ai ning sai.d connector between two

t ubes 1o sai d tmompbnnglgﬁaiﬂerﬂwgtomﬁ@t Peaferalys Pwie%a 14 FEPTERODY CaTPT¥aEst one
pr ot r usi on, defd ned g Bl 8RRk OBeObr Sl oo HRARS: 103BSkaES TR Bgchvemal. out er
one of saHJe? uch that t e connector deforms. and_the i ckening is
not constAaernﬁﬂ/eby csmp]d:h@ sm@asastmlsmmma@ lopking s3if cpike 1@ %P% ohsYYi ded
in accordance wt referred e ol oRbhed of
per f or ni nfPEfF "Ny Ibrxrtga? e \g\(/genrm%gigr aefqi7 Ig&ﬁlfargéég%ggrgg% gglrb}prl si ng:
i nsert i Ngrepsiagasd giksh setzonnwerdo o apﬂrmftstlé cmmqult othes gl saidspikgasi ng at

| east one for d _Spl ke of. .said connect C such
that d&id for sRé’r‘éVﬁ‘b%g%?c%oﬁpaﬂC? g%gtpr%e%ege %gl kgfglg%g{gﬁa sai d
anast OfmsbézchB{e%ﬁzﬁis%bfo}dpu&ﬁiﬂiglaebleﬁga%huodveaaeisctmmmsmg corrprl ses releasing
at | east one backward spi ke of said %ﬁ&g ét to engage said target vessel.

904 Ve

Al ternati vel y,? $8mRdinsdppgd LIPERcH S rises | ocking said spike to

a part of said, shap having said tip at one end thereof;

a first widening element distal to said tip ; and
20 a second widening element distal to said first widening element, said first and second
‘widening elements defining a narrowing between them, which narrowing is adapted to contain
a punctured blood vessel wall; and
a coupling element for coupling retraction of said tip with a relative motion of said
widening elements, which relative motion is used to contract said narrowing. Preferably, said
25 tip retracts into said first widening, thereby pﬁlling said first widening element towards said
second widening element. Altematively or additionally, said tip is mounted on a tip-shaft and
said tip is retracted by retracting the tip-shaft and wherein said tip shaft is coupled to said
shaft, such that after sufficient retraction of said tip shaft, said tip shaft engages said shaft and
retracts it.
30 There is also provided in accordance with a preferred embodiment of the invention, a
method of everting a graft, comprising:
grasping said graft between an internal mandrel and an outer tube; and
pushing an end of said graft back over said graft. Preferably, the method comprises

repeating said pushing a plurality of times to achieve a desired amount of eversion.
10 ‘



connector other than said spike. Alternatively, conpleting]$abtdPapidt onosis
conprises releasing said spike to retract towards to a part of said
connector other than said spike, 15 There is also provided in accordance
with a preferred enbodi nent of the invention, a punch nechanism for
punching a hole in a blood vessel, conprising: a sharp tip adapted for
puncturing said blood vessel; a shaft having said tip at one end thereof;
a first whltemiingy ek eddtitnatly spuahing eaig ahdi of s3)d grafrdmp@ises eyertion thaindetvrhg

el enent di sat al %ug, said first widening elenent, said first and second

wi deni ng BISHERt" def i ni ng a narrowi ng between them which narrowing is
adapted t o comharens alo pioniied irestchidand withss plefowad bnbadimient afdlgpiiivengionl &ment
for coupling retraction of said tip with a relative notion of said

wi deni ng BEHEREHES ORI rel ative notion is used to contract said

narrow ng. Prgfi@raaifis fobMbhtindan ehdofls@idredaft hedetri;o sai d first w dening,
thereby pulling said first w deni ngrr ;{yerrent t.%)vvaﬁdsdsai d .agcpng wi deni ng
el ement . Al t ezl shen ddapied fd giopping ance of sp1¢ E131cRd G U IPYHa ti p- shaft

and said ti pagﬁuﬁ%r&f%ﬁﬁd% fifeFsPGLpoRE bdtRedn Rid pafitstenendd apnsaihi d tip
shaft is coupled to said shaft, such that after suffici int r trach i on of
sai d tip figansthavingian expapdeshgate eyl they dayanseyigral diggneter dargefdhan §aid gy

There is gl zgg%%}%{)%?&g#ﬂ aﬁ&ﬁ&hga(g%ews{a& A Wi @E uesheasme frRbfret « he

i nvention, evertin graft, conprising: grasping said graft
bet ween amgigetseidgedft. mandrel and an outer tube; and pushing an end of said

graft back ov sai raft. P VAT i : ti ng
sai d pushi ng ?ilf)rled? gﬁs‘? vab de{ %glrd oeacﬁll %&ggg%gg%})?@%g%ﬂnﬁ? mgflﬁgg’edrsi on.
10 10 ' SHR:thédDO8mAkmtNal dnastomosis comtgetor bmand ypikgusiti tigs skat derd autodf s ai d
graft conprises everting the d over.. said outer tube. There is al so
provi ded R SRS Pr E2PP8PBY Y™ enbodi ment of the invention, a
graft everter mfQnpiiShidgt lebt sorhé ¢f saidapikedinfadwistadwonfigugation secivtheftips of d
graft thereon; * %raft stop adapted for stopping an advance of said graft.
end o¥fer saidisgikes pe dé‘?fﬂﬂ‘elb'gﬁﬁ’al ity of expanding fingers disposed between
said graft st qRndthgS#Hdbrift éh sasdtigh; arfd Nnger s having an expanded state in

whi ch they have an external dianeter |arger than sai i and l.arger than
said graft andhagingn&epserfisaraencd e vﬁﬂ%cﬁ’ P 8Ptan€‘1e€efzﬁ’%e@’aﬂ%‘f’g gﬁ?fi ce

to configuration comprises releasing said spikes.
There is also provided in accordance with a preferred embodiment of the invention, a
20  method of simulating eversion of a graft, comprising:

compressing an end of said graft into a form to provide a thickening of said end; and

transfixing said thickening with at least one spike of an anastomosis commecior.
Preferably, said graft comprises a mammary artery. Alternatively or additionally, said

_ transfixing comprises transfixing along an axis of said graft. Alternatively, said transfixing
25  comprises transfixing oblique to an axis of said graft. Alternatively, said transfixing comprises
transfixing perpendicular to an axis of said graft.

In a preferred embodiment of the invention, said form comprises an inner mandrel.
Alfematively or additionally, said form defines, on said graft, 2 flat end surface for said
thickening. Altematively, said form defines, on said graft, an oblique end surface for said

30 thickening. Alternatively, said form defines, on said graft, an non-planar end surface for said
thickening.

There is also provided in accordance with a preferred embodiment of the invention, a

method of transfixing a connector on a graft, comprising:
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10 engage said graft. There is also provided in accordance; pi azg eferred
enbodi nent of the invention, a nethod of nounting an anastom)5| S nnect or
havi ng spikes with tips that bend out of a |umen of said connector, on a
graft, conprising: maintaining said at |east sonme of said.spikes in a

twi sted configuration such that ti ps of 15 said spikes bend into the

| umen; transfixing said graft on said tips; and changi ng the configuration
of said ti ps tvtﬂebmgdrmnsofaneﬂcbmfa:béyﬂft,changi ng the configuration conprises

rel easing said Fﬁ%kes ea?Qe%l% El‘r? isga“prcg ggprﬁe&}jﬁgcgoo@@% Whdthidt it

preferred emb & i on, od o S|nulat|ng eversion
of a graftﬁansfﬁ@gm{d\sﬂdagdaﬁaamdesm ng an end of said graft into a formto

prOV|death|cken|n of sa tra |X|ng sai d thickening with at
| east one spi R&dge Waséﬁﬁg’t“g?i%éﬁsﬂ’%ﬂ%@ ‘Preferably, said graft

conprisses a NpRRFRLYald frévided A dcedridict wethya Iﬁﬁfeadﬂcmbctdmabﬂty)f thedngention, a
transfixi ng conprises transfixing along an axis of said graft.
Al t er nat ikiféonp bypass TaceHRSFPYPRYISS conpri ses transfixing oblique to an axis

of said graft, Al ehdetdiviphihg HaitenbdiAPshtotérd thRRPIonSLS erids dresdor,xsaidg
perpendicul ar to an aXis of said graft. In a pref erreg enbodi nent of the

i nvent i omafwddalﬂgvme@@mﬁ%foéﬁp?wl BRATPEICCAIr® 08 nat i vel y or

addi tional ly, tsig"lsgoﬁep% Eﬁedﬁ{‘é zﬁﬁéhed(?@c)ﬁeaéng 08 5Ad braftaprtfeaiblye B4ld Senbaes afeor sai d
t hi ckeni ng. Afternat ive y, sald formdefines, on said graft, an oblique end

surf ame fembedsirilth S ¢nids oksaid grgft- Al ternatively, said form defines, on said
graft, an non:pl anar IoBh. F&lﬁh@'ﬂvgntﬁh,sﬁ
ZE%F it also eprgw?%g 1fnaa%90r{1£1'ée @ghq %Jfﬂ'l‘eﬁi%%o en i

provided in a a preferre ment of the invention, a

met hod ofobliurimid puntlg campdsimect or on a graft, conprising: 11 1 0 S E P 2003
wi dening a radi us, of an end of the graft; advancing at |east one spi ke of
sai d connectoPSh%Eral lel to said graft, such that it transfixes said

w dened area; amn&eaﬁdmeagedtﬂiqe&toamide]mﬁamhfsaianlgls,pi ke to forma hook. 5

There is al so provided .in_accordance w nhedi ment of the
i nventdion, a 2Rfen¢ B?n""am’ﬂf%&‘ggf %?8‘&3 taﬁ?’léhha%oaﬁ%ﬁcg}lélé% east one graft
havi ng anaSt ORRShsSfof AANERE 9'p8p BaWBéadidanwledgesesds tb leatr mmrugh gagcylar tissue

placed between them. Preferably, said two angles are different. Alternatively, said two angles

are the same.
There is also provided in accordance with a preferred embodiment of the invention, a
20  penetrating punch for punching holes in a blood vessel during a keyhole procedure,
comprising:
a tip for puncturing said vessel;
a rigid handle, adapted for keyhole surgery and coupled to said tip, for controlling a
spatial position of said tip;
25 two sutfaces for receiving the walls of the vessel surrounding said p;uncture; and
means for bring said surfaces together for punching said hole. Preferably, said tip is
smooth. Alternatively, said tip is axially grooved.
There is also provided in accordance with a preferred embodiment of the invention, a
method of heat-treating an anastomosis connector, comprising:
30 fitting a cut connector into a mold;

- fixing said mold to bend both forward and backwards spikes of said connector into a

desired configuration; and
heat-freating said fixed connector, thereby training it to said configuration.
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graft and said connectors adapted for a peripheral bypassigrS€@dasg; and at
| east one guide wire attached to one end of said graft. Preferably, said
connectors are 10 enbedded in said ends of said graft. There is al so

provi ded in accordance with a preferred enbodi ment of the inyention, an

obl i que hol e punch, conprising: a shaft; a first non circular edge-oblique
to said shaft at a first angle; 15 a second non-circul ar edge oblique to
sai d shaft at a second BRJEFDESCRIPIION OBTHERBRAWINGSgap bet ween said tow
edges, so as tp cut throu va i,S a bemiowin
Preferably, sa f%nt}é]ior{bl“g{si % 2’903% ?@eea%lgnﬁr%ﬁog’gr ?\ggriegg%n%qga?ld. t WO _a%gl es
are the sageriptRe ref@redlembogimeuis theckof in cacuostiarvdth tw figires, pheraridegcal

mbodi t of the i tion, 20 t ' ' i
e P T e e L

punct ugi Ngymerhkidn ¥B Sk gura ifi wiricd thegappear, irmethiph:ed f or keyhol e surgery and
coupled to said tip, for controlling a spatial .position said. tip, 25
two surfaces f%‘l‘o’s-r]e”‘ffép\ﬁf’liﬁ‘_‘at“ﬁ@lyv@}‘? Lot S\?ngt@f) pgﬁrafl%sﬁnr%?t%gdegglg(??a
punct ur e; ,RRgARAMBS At B HetpréRhinsentibacasisimgat-paspdove mdniohiurgireghd
hol e. Pre]p_erably, said tipis snooth. Alternatively, said tipis axially
grooved. Y®se is also provided in accordance with a preferred enbodi nent

of the inventign, g Felhiodiofiyealiadd BBldpasitian of RRSIMBRSIFigGnNASLD,0n,
conprising: 30 fitting a cut connector into a nold; fixing said nold to

bend ‘bot h a¢eordansedvidinaipisferedemblerdinpit b e Ve8I connector into a desired

confi guration;.an reat i O HEGE Qhastdoiific alaYicé bAFRENY it
to said confi gﬁ‘ﬁ%ﬁﬁg%ﬁ 18 A0 e s 166 pRRDOCES Ahasiditc Aot Sor s

The i nventlAelD, i hdcotienceovieh cprefarrbdemiradimant obe by eRtimer ence to the fol | owing
description of opf ol SLbSHGHRACHIRN Sr RRHADL i FoANNIGhS Misifinbils iiiee
Figsi 4EAPi0S ments o

figures, where structures, e r parts which appear in
nor e t han o@Rigs.fliAgUDEnat@rdanbelitida picfared Bmbetiment of theupesn®¢in al | the
figur 9155 in whi 191hg tsh{%ya %Pa%elgjr;dutlor% aWQI'leC Qfece anastomosis device, in accordance with a

preferred embodiment of the invention;
Figs. 6A and 6B are side cut-through images of an anastomosis area, showing a method
of performing an anastomosis using the device of Fig. 5;
Fig. 7A is a schematic illustration of a splayed spike tip configuration, in accordance
20  with a preferred embodiment of the invention;
Fig. 7B is a side cut-through view of a connector including the configuration of Fig.
7A, deployed in an aorta, in accordance with a preferred embodiment of the invention;
Fig. 8A is a plan layout of an aortic anastomotic connector in accordance with a
preferred embodiment of the invention;
25 Fig. 8B is a top view of the connector of Fig. 8A,ina resting state;
Fig. 8C is an enlargement showing the meeting of two spikes from opposing sides of
the connector;
Fig. 8D is a view through line A-A of Fig. 8B, showing the relative placement of the
spikes from two sides of the anastomosis device, in a resting state;
30 Fig. 9A and 9B show a mold suitable for training the anastomosis device of Figs. 8A-
8D, in accordance with a preferred embodiment of the invention;
Fig. 10 is a flowchart of an exemplary process of keyhole bypass, in accordance with a

preferred embodiment of the invention;
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Figs. 1A-1D schematically illustrate two parts of a t\/\oﬁpﬁrgEPa%ﬁ onotic
device of a preferred enbodi nent of the present inventi‘on, in

i sonetric-perspective and in cut-through views; Figs. 2A-2F schenatically
illustrate the operation of the device of Figs. 1A-1D, in 10 accordance
with a preferred:enbodi nrent of the invention; Figs. 3A and 3B are plan

| ayouts of the two parts of the anastonotic device of Figs. ., 1A-1D, in .
accor danice wi t Fig lpriehechestio ibtitirmml ascaffpld toolywhich alds pareus ofer jggis
illustrate_a nethod of refr i ! I : naatpnpsi s device
of Figs. prﬁ%?%?’pnassa I(c:"(‘f)'“a'rd glgeh%gatc{:/fnﬂ?ﬁ@%&g?gp feé?‘{rr%ggglﬁg%ﬁl%ﬁn%rft of the invention;
15 Fig. 5 i s aFsal2A-a3diluswite a poovesspif osing agrebtanhow el awordppceithay dance

with a preferred enbodi t.of .the invention; Figs. 6A and 6B are side
cut-thr oud’ﬁEfgﬁﬁgﬂbO ’fmeé'#]ggtﬁ%g’tvg%’gi s area, showing a nethod of perforning
an anast onosi s Fusi IB)-U 3 iltiewite @ prkeSiofusitg a itating Fiké wlapuehenintareprdance

illustration of spl ayed spi tip configuration, in accordance 20 wth a
pref erred V@Hb%ﬂ?%ﬁﬁ&% O@H@RPE&@ ‘J%B ™ Fig. 7B is a side cut-through view
of a connector i PimiMEilth@at@QPfdc@dIbatlsiilﬁgﬁmﬂinvﬁihgle puiidher, dee pdcosdantei witheen
aorta, in accordance with a prefrerred enbodi rent of the invention; Fig. 8A
i s a pl an Drefgwet eneffodgpenh e the BIVER{98t onot i ¢ connector in accordance with a

preferred embogyenis 95ptiMAhid\4ald fidche? ﬁedli;érﬂd BB inSeredtin Pheviceffold fodl be
connector of Fig. 8A in a resti ng state; Fig. 8Cis an enlargement show ng

. . g.. ,
the nesti rRjg.df, addisss ascardangs wiha Srafgred icpbdigent of the IYHRRt or . Fig. 8D i s
a view thr ough ¢ nGe Ry Glsp ftrafilin SRGUING il ahPlipplriRolAGaispat viak, { he
spi kes fromtwd 5ides of the anastonbsis device, in a resting state; 30
Fig. 9A. andsp@8ivshpw tip-metrhating lioteahineh. fin aceordaneg wih tanerefsrad ewmhodimentiphithce of
Figs. 8A- .8D, .in accordance with a preferred enbodi nent of the invention;
Fig. 10 ism‘éénflf’%vmhart of an exenplary process of keyhole bypass, in
accor dance wit IFig 17w efubopethespbatie vemt of @ftiptrbteacting/kele paneh, in3ccprdagesth 2003
Fig. 11 is a scherrat‘iatc %}Jpl L{iotdr ati on of Veann%%aff()l d tool, which holds various
ot her ool AlGmA VrPref ey aRodpneL Qi 1F

' accordance with a preferred
enbodi ment of tHie 18NMEWE o Bsseibigd and 2 AisdABmbled uliquatheleapypclie eigsacofrdarse ng a
grab-and-cut_ punch, in accord?;&_lce with a
with a preferred embodiment of the invention;
Fig. 19A is a schematic illustration of an altcrnative oblique hole puncher in
accordance with another preferred embodiment of the invention;
20 Fig. 19B shows two views of the tip of the puncher of Fig. 194;
Figs. 20A-20D illustrate a connector mounting method in accordance with a preferred
embodiment of the invention;

Figs. 21A-21E illustrate a graft everter, in accordance with a preferred embodiment of
the invention;
25 Fig. 22 is a schematic cut-through illustration of an alternative graft everter, in
accordance with a preferred embodiment of the invention;
Figs. 23A-23G illustrate a method of transfixing a blood vessel by twisting spikes of a
connector, in accordance with a preferred embodiment of the invention;
Figs. 24A-24E illustrate a method of simulating an eversion, especially for a mammary
30  artery, in accordance with a preferred embodiment of the invention
Fig. 25A is a close-up of the scaffold tool of Fig. 11 when a combination graft holder

and connector holder is inserted-therein, in accordance with a preferred embodiment of the

invention;
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preferred enbodi nent of the invention; 5 Figs. 13A-13D il Iﬂtg,stglrat g‘f@ process
r

of using a rotating spike hole puncher, in accordance vmth a pr red
enbodi ment of the invention; Figs. 14A-14E illustrate a process of using an
anvil hol e puncher, in accordance with a preferred enbodi pent .of the
invention; Figs. 15A-15D illustrate a hol e puncher designed to be inserted

in the scaffold tool of 10 Fig. 11, and its use in accordance with a
preferred embbiy. 2ihis aqferspét&ivbmimfntfﬁm%&;i gs. 16A and 16B illustrate in
perspective v ers pect | t | SWio MESPEGELNLE] dhowhe
tip-retracti ng 3?«5’% g, Oélc%ﬁc%?(?;t t-hgI%(EE[}EO\{(;A(3pr]léc",’fer red enbodi ment of the
i nventi orgplkEgtgat eﬁgagjesheaangel’[vesqﬁhn perspective view of a tip retracting hole

punch, in acc c 15 an alternati.ve. pref nhadi. . the

i nventi on; g %g E Qlan nﬁslg%errrbolfé% Spfpias %ﬁ?sogsfgén%q% %gﬁ%rahlg%e
puncher, fbrﬂneaﬁﬁﬂh@wmﬁr a\MnifEaﬁdﬁl’bB'ﬁsiadirrsﬁd enbodi ment of the invention; Fi g
19A is a schematic. illustration o eobJ| ue_h er
accordance wi FI- A e hsueeaise t‘?’rff& Plﬁé’rq 1g0:1 SH%W’inﬁq i |§‘lhg°“§3‘[}@ﬂ 198
shows t wQpivk gM 8E 1a ?&%fbslgozmhdnhﬁe ﬁmmﬁa@éd shffgienfi9A; Figs. 20A- 20D

illust rate a connec nountin din accorgance with a Br ef eqﬁfe%d
enbodi nent of Figie294r¢&hillustiate Ppg%temztm eppReciqr) ALY T4 (SESEN g1 B BPe
accor dan%ﬁ Yﬂlé eé})aﬁfsﬁlf &{a‘&&ﬂdﬁ'&@&%%%fe&ﬁ endbB@nichVeTikd i@Ventid® Fig. 22 is a

schemati ¢ cut=throu lustration of an alternative graft everter, in

accorance WI 1 fgsa3cp°r -30Rrwltich eartspindenFigsr 1AHD HHgEAR bNastegys comipitos g
i |l ustrat Qb ornk A ?1% i E&Gr (:leﬂglda HESSE] ediodintins bf R ivRitoas of a

connect or’ |n accor ance w erre enbodi ment of the invention;

Fi gs. 24A- 24EFig. BMA;wmt]ecraramdd@@b Blg 2 showa thenepnagsien o Figs GRA- LGB | v f or
a manmary 30 arter n_acco i&rbodi ment of the

i nvent i o ROy SR 3 ¥ds°ngan%€f o?éag%&g%d%é%%gﬁ F {hgegl 6f Fig. 11 when a
conbi nati on gFaf Bprvaﬂh coﬁm’lomtsméhg diD Ishﬂwheac corgplitnd ebliqig anesiEReSisnD | n
accordance with a, ref invention; 14 i 0 SL P 2003

O 2 D eoriine B S ST yry Gienfi e Beatif

Figs. 32A and 32B, which correspend to Figs. 3A and 3B show a layout view of the
connector of Figs 30A-30D;

Figs. 33A and 33B illustrate a method of mounting an oblique connector on a graft, in

accordance with a preferred embodiment of the invention;
20 Figs. 34A-34F illustrate a self-everting connector and a method of deploying such a
connector, in accordance with a preferred embodiment of the invention.
Fig. 35 illustrates a graft having an anastomosis connector embedded therein, in
accordance with a preferred embodiment of the invention; and
Fig. 36 illustrates a femoral-popliteal bypass procedure, in accordance with a preferred
25 embodiment of the invention.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Performing an anastomosis connection with a coronary vessel may be a first or a
second step of performing a bypass between an aorta and the vessel or it may be a single
anastomosis step in a longer process, for example when conmecting a LIMA or a RIMA to a
30 coronary using a side-to-end anastomosis connection. In some cases this anastomosis
connection is problematic for example for one or more of the following reasons:
(2) The coronary vessels and especially diseased ones have a very weak structure and

are difficult to handle and stretch.
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Fig. 26 shows the situation after a tip the scaffold of Fi doi
retracted, showing spikes that engage the target vessel; Eiﬂgsh?ﬂmgaows
only one |ayer of the combination of Fig. 25A, enphasizing a pre- 5 forned
slit in the layer, a knife and protrusions; Fig. 28 is a cut-through Vi ew
of the scaffold of Fig. 11, showing a peg or a cone which ‘splits’apart the
| ayer of Fig. 27 when the layer is retracted sufficiently: Figs A- 29F
i | : uﬂ rate an(sal&t@termﬂmf@mmﬁé@neo?ndd@F?W@Flyb%‘%i@ﬁlé?nf%ﬁuﬁ&a‘ﬁwbgﬁu Bga’@d
splitting nechani smod dasmehl tnRu It o8l QROdinTRIn efd trke
I nventio _foc @I [ g%mofoﬁeggﬁfﬁ | cﬁigcorresbogé\%fst% Figs. I A ?%Ei | lustrate an
anast]?nosozgnﬂpnngptor a](czlap';]ed for oblique connections, in accordance with
a preferred e I ment t i nventi an; | Ot [ s to
i 5. 28 shove B Reiscutiet Byt pRle BhLBR snpsidnbyic Hoinec 1B kbaPORA
accordanagneﬁfbh)l,:_as@mgf[i)malrimh-mdmﬂtbﬁmmtdesifedt he invention; Fig. 31B, which
corresponds t 1 g. ... Sha a_compl et.ed obli i N 5
accor dance wi Eda Ifﬁﬁ?ﬁ@ﬁr@ﬁ%ﬁ%&%&hﬁt §olp ﬂ&ev?%ge\isé% | gfﬁ?@d:?m%h& %Snd 32B,
\lfz\?lglg%gzﬁigtgsga(ﬂgﬁitﬁé?lﬂgggﬁsuﬁeﬁggﬂmmlfﬁﬁgshma\b]aodagseﬂsismhreiﬂBbe the connector of

A- »Figs. an B r thod of nounting an oblique
ponnecftoﬂt‘ﬁﬂ%’?M%STQM%EME%QIﬁ&EX%ﬁferred enbodi nent of theq
| nvent i on; 20pz, g 13 4ncidlyikR(neo fukedila wioqrtingtanivaieiioe Lehel a
met hod of depl dying such a_ connector, in accordance with a.preferred
embodione atpreferredhembagdiraent ob fire Arpsgut DR, & {SPRERS-RITPPYRE aﬂ‘i\‘}f ‘ﬂHﬂ“&
anast onosi S...C e t.herei ' '

ﬁée%vsofirﬁg Gl Ofd pERRAded ol sl kb iR ?@f&mﬁ 2604 OF b utalprrienstr ed

enbodi me “the Invention; and 36 illustrates_a fenpral - | iteal
by pasts _ prloééhtyrmally, A phicality ofapedurey 119 aze forreqddp thedubuley elanisal i H’ta“%%?‘i’rhe

i nvention, .. | LED PREEERRED nEMB Pl NGRS 16 an
anast om?ﬁ%lgg%@ﬁég}eit%\?%lﬁj%%a?}ﬁa@g?vesse[ rm%)be a f iorng'?kgfﬁ gﬁaﬂgécond
step of patutalynipes Ehubythe ssaletoneterf farsigionaterial nel therody ds Bferdlly 160Us3y be a

single ast i.S. st in | onget. e I ti
IR B DHRERADE QLS Bagrd 184 A S, BERRE of S R o
Lﬂesgreno%f%ﬁ%wﬁ@e?ﬂﬁkﬂm SingCohapremthany. Asotberopissirht 4dyattege €XwiNgl e f or

e o e follow ng reaspns:.(a) The,cor g
especi al I§eshiekaratl e aﬁ%ﬁ%‘é’“"él AVl \’ﬁéﬁ%fe e}lgagetaﬁlrgg%gﬁ%%&%?}ghg iv?l?‘?l cult to
handl e ang gk @tdketrykdd can even deform over time, for example if the vessels enlarge.

A plurality of flange elements 108 are preferably provided around the circumference of

20 tubular element 104. Preferably, each of these flange elements has an aperture defined in it and
" are used to hold a spike element (described below). Alternatively or additionally, these flange
elements function as a flange over which a blood vessel is everted and/or otherwise attached
to. Optionally, the flange elements of the tubular element include barbs to engage an everted
blood vessel. Alternatively or additionally, the flange elements serve to stiffen the tube

25 element so that it does not collapse radially.

Thus, the graft is engaged by tubular element 104. In some cases, the engagement is by
contact, in others, a mechanical coupling is provided, for example, friction, using barbs on
clement 104, using glue, or as a result of eversion over the flange.

A plurality of locking elements 106 are preferably provided on tubular element 104, for

30 example on an opposite side from the flange elements, to lock the spike elements in place
when anastomosis device 100 is deployed. In a preferred embodiment of the invention, the
locking elements are elongate, so that their length provides some elasticity with respect to the
locking. Thus, some relative elastic motion of the spikes and the tubular element is possible

even after locking. Alternatively, other types of axial motion allowing mechanisms may be
' 16



1 Sp P 2003 (b) At the end of the procedure, and in soneemixyzg rfﬁ@ts, for
substantially all of the procedure, the tools used for perform t he
anastonosis are all outside the graft and the <coronary. (c) It is
generally not desirable that the anastonotic connector be long (in an axi al
5 dinmension), as ' a mnimal intra-body profile is desired. (d) It is
generally desired to nmani pul ate the bl ood vessg S, Cgs ﬁ%;e:f ec?edn" -

cor onar i grevideds forl sxampls meking he sniieg axiplly plastic{yyih geSpechfo § %F%rﬁ‘% 61" t he

bl ood v TWO PART ANASTOMOSI S CONNECTOR DEVI CE Figs. 1A-1D
scherratlélgﬁl:la% hﬁsﬁ}sé%tg% t)wo parts of a two part agastonPtJ ctglew%g 100 of
to a pref erre*tlnehtmdlpdem d@ﬂcqlﬁéfﬁ?fé@éﬁﬁhl?‘fw&ﬁtﬂ%ﬁ mg gt placing the loc

| somet 1 ¢ per SPEES BYR ANAhA SHbmATHGA 104, S| Bt AnpadinkR ot st rat e

a ring portron preferably forned of a tubular el ement 104.
Opt i onal exampte {fl the ddcking Gﬁn@mﬁlﬁMS@@S inddudgr STRSY e A SOMPRERS LT HB| enent .

Alter natively or 1o SAd1AGONALLY, od i b b or QU EIENiye Mg AdbiBEARY, @ a_rresh

or anot hEfeg y open. Thus, the total amount of
forei gn wRkigE ieRimehR dah@ehndy nea the éimgeafor pthee deaserd, forSxappleoi 1ol §jastie ubul ar
el ement 104 can rad| ally expand or contract, for exanple plastically,

el asti caF1P9°n’§G5%‘Pe el astically or using shape menory. Anot her possibly
advant age of Figi.NE @d BRIk forid D, prbbrdhabionbel atingpld2deving nor e
fl exi bl e and can accommpdat e vari atl

i S even
def oritftn o¢ @furtlityyef spikes Badapcled; 'iheIFWe ésP§ dle?ﬂls%edﬂfg Itt%ér/a%&ﬁmﬁa@ f1 ange
el ement s 3108 .ALLHR TRESS Qﬁﬁhﬂy Rk ded et 0B mﬂ»utah elemietC1O4f ﬁne ncted btbweVZt)
tubul ar el ement 104. "Pref erablé each of these f%aﬂr{]g gﬁréenB r?i 1k%n
aper t ur ethdtinisomd proferred eahadimenis of §8dnYeaLigR T Of bE ng PAHER{ 2(S Y bed
bel ow) . r tterrdd RSBk cang@h ﬁhaﬂﬁﬂ;@ﬂ&elpnﬁtonon as a
flange o@l’&}g %‘g%%}l% eéﬁggg@%%?? e?/narted alnd/or o? her attach to

Opt i onal 139 1stﬂm1ntddarmgmgeioemmnt0§ byfingemngteagupispiks Ak HYY @I © Blgfr.‘1
engage a ed. bl t ﬁhﬂ,letntbﬁflane
gn'gﬁt S [i'g e?ﬂv L 5 (13d1%% m?%O ?22"@7%? filoe el%h{eﬁtr ﬂﬁ V@it iBhp1casdiatibnn abdge.e ts g

ele he tube | ement so that it does not coll apse
radi all y.loﬁ'krﬂslaertélﬁecgmh&rthwcaﬁghgedlow t ubul ar el enent 104. In sonme cases,

t he engagenen is b onta in e NMEGRANHAbmEAY RlelRE 109 is
provi ded, for™e faﬂi?%(eéreﬁ B ?Jfgl{hgg{ngem 2 on el ement 104, usi ng gl ue,

or as a h@%mbredofthee\spn@s Qite thedt htaomghamlg:e apﬂtqgtsu o izlpgﬁdoﬂaillﬁsc Riem§i®l enent s

106 are preferably_ proyided qn bul n an
opposi t e AdieRtiysHrihe 58 ﬁgﬁ‘é} Efthg tﬁrsou(gattl ?é’l?&?he Sp Fer%%bgﬁgiWs%}eﬁ pl ace

when gnaghaimsife 6 HeCRicd QO tHeSlatigptiovieds aﬂd’lsp&i(emceﬁm 1%1115 endyotsd petetringf t he

invention, the |ocking elenents are sQ that t e
provi des pgﬁm 182 Jen ogqting thy ke ggrﬁg:&t (b t%ﬁ’%%he Spikes eniter tﬁ'ee 'ﬂ'énée 0k dys

through the openings.
Ring 122 is preferably relatively rigid. However, in some embodiments, where ing

122 is not required to maintain its shape, but mainly assist in retracting spikes 124, the ring
25  may be made more flexible. It should be noted that ring 122 may be open, however, it is
preferably a closed ring. Preferably, locking elements 106 (Figs. 1A, 1B) operate by engaging
ring 122, once it is retracted over them. |
In an alternative ermbodiment, ring 122 is sine-shaped, with the spikes connected to
parts of the sine distal from the flange. Thus, when the ring relaxes, it retracts the spikes.
30 Spikes 124 may be of many different designs. However, in a preferred embodiment of
the invention, the spikes are curved inwards towards their ends and have a bent end 126, with 2
sharp tip 128. In some embodiments, especially as described below, spikes 124 may include a
twist. The curve of the spikes is preferably super-clastic, in that the spikes are pre-formed to be

bend and are maintained in a straightened configuration during at least part of the deployment
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| ocki ng. Thus, sone relative elastic notion of the spi ke«isgaggptﬂg:.}t ubul ar
elenent is possible even after locking. Aternatively, other types of
axial nmotion allow ng mechanisnms may be 16 1 0 SAP 2003 provided, for
exanpl e nmaki ng the spikes axially elastic (wth respect to the forces
expected in the anastonosis connection). An elastic |ocking device is
preferably achi eved by providing or placing the | ocki el ement s dj st-al

f r om t he pfdcassgHowéver. dasiiamlastie meuOryY \pgiy meghgnt S8 eé‘ﬁ i s, for
> exanpl %zsb};egina‘é%.{ea%#ﬂaﬂnﬁé aﬁﬁ&iﬁxﬁeﬁtb@ﬁlﬁ@iﬁaﬁiob.ncl ude springs or are

conprises 0O astic material, the locking elenments ma

: . S y near the

fl ange or eveRigsrRA-BE sthemadeally Atpgirate BisaipEsption ?feﬂnaﬁt%%‘sd&v@Fgﬁ%ﬁ}(‘%W’b’é‘n be at
or near the. fl| ange f T \ & 100f affeP itah amlzhied ot i on i s
desi r ed. alf’lldgesc.mSf%e‘étﬁ)ggll‘%g‘?ﬁ%’s?é‘gft?%&aarjsa%%ﬁlg%iggﬂl%on _1a20, ' pref er abloy formed
of a Bi ngraf?P3hawdhniat 4 6pike Plautraisfizep oparigivkevsriabportion d¢hetithegsetss I n a

preferred enmhqodi nent. of . i nyention, the di | |
slightly e&?‘%ﬁ%ﬁ“ m&ﬁ&)ﬁéﬂﬁapﬂ%ﬁtﬁ{?ﬁ% thesRREs e%gﬁ%(?{nt g{{cghﬁg@é o%/\gz\%er,
that in s&@ﬁad@%cp;fa@mgeﬂ i@mm,m@&wme@haghta?fmyimm?n B8t me@fably} ng |
portion 102 and spi ke portion 120 are radi xpan e.1n erre
enbodi medy flengs fements, Ki$ A theparg sraighiened qr S‘ffé tﬁ%&?ﬁ?’ﬂ%& p5°r1ce?'3?antglr ggtort i on
102 by i %ggeﬁms??&&am& 2RSS b Afs 118 op@b spikkd. A@MmattdyyRBishdn HOBgwhi | e
sliding ring 122 over tube elenment 104. In sonme inpl enentations,. fl ange

el enerst s 2F108 spiketippess@nirser] 17 hevrebeforatic EpbEams Wash's e PROUMSP Rt or r ed
embodi ”egltée % %{%Jgglateﬂ‘éﬁpta%%ﬁgl, WIE X ARAS BMREdes HeVoreRinkOfhd/ct toastertibed, the

spi kes are’ roug e apertures of closed flange el ements.

Al t er nat igeethstricallyenalp tieaonmegtjorbeetetendhy tloadfesielh an openi ng. 1 n anot her
enbodi nent, t 20. openj ggﬁ pt]-]gg -S| fint e fhBdoGienctis @yBBlativand
spi ke porti onqﬁﬁﬁ%iﬁg Oﬁggn eéﬁl{(i)lgttlgéqsrl ng 1§%%_‘?%ieo’nm_ls026by rotating the spike
portion k2@icamftthatwd trenspirkess.dntseme tebodiinenigethis watign igcludss reiiRsHoR Ak

openings., Ring 122.is pref bly. relativel 0 i n HOWBYES fixdd Hho3ROR i
enbodPrefbesp! é‘%@twrﬁit?lgessellg;ii‘@/eﬁ%a?w? ’qt\é??%laéstagé I:Bnatmlnnt ai Xﬁei t's d'rsbhape, “out
mai nly ass§§@tre1iaﬁlvertetvesaatmmgreurehlamtﬂem, the ring 25 may be nade nore

~flexible. It should be noted that ri 2. may. Q nwakds S
preferably a &iHLEAIPSIRES 2pALFEIEEIY @%1 é%‘k}nn‘ﬁ & g‘r?esﬁff(gs T%g‘“%‘%%“ 1A, 1B)
operate by, gRGAG NG in Ml BrgdARsscDRRE bE twiddhed ebrircthe thservien of Hempikemordhe
alternative enbodi ment, ring 122 is_sine-shaped (th ¢t ' . ected
to part sspies g bg et IW%T@%I%’TfeP‘G‘Hi’]F g af‘leﬁ‘ﬁ@%‘.?g ﬂ*ﬁﬁ\g?&m%ﬁ%% I[ee’ f rBigﬁlegﬁg axes,
It rebyachgel Beiy SRb R Sised, for example, using torsion forces, or by temperature treating shape-
memory formed spikes. Alternatively, bent end 126 may be sharp enough to transfix the target

vessel when the spikes are advanced. Optionally, tip 128 is compressed against spike 124, so
bent end 126 has a smaller profile.
In a preferred embodiment of the invention, vessel 132 is perfused, for example using
25 blood, saline solution, possibly through its lumen and possibly through opening 136, so that
the walls of vessel 132 are separated.
Once ring 122 is retracted sufficiently, locking elements 106 preferably engage the ring
and/or the spikes, locking them in place. Fig. 2D shows a final state in which spike tips 128
contact or lock against the bottom of the flange elements or into the flange elements. Fig. 2E
30  shows a final state in' which spike tips 128 contact or lock against the side of flange elements.
Possibly, the spike tips neither contact nor lock against the flange elements. It is noted that by
controlling the configuration of the anastomosis device and the gversion, spike tips 128 can be
made to pierce or to not pierce everted portion 134 of graft 130. Although tips 128 may

transfix even everted portion 134, in a preferred embodiment of the invention, tips 128 are not
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30 Spi kes 124 may be of many different designs. However, Lr@ acprejgrred
embodi nent of the invention, the spikes are curved inwards towar'd¥ their
ends and have a bent end 126, with a sharp tip 128. In sone enbodi nents,
especially as described bel ow, spikes 124 may include a tw st. The curve
of the spikes-.is preferably super-elastic, in that the spikes are.
pre-fornmed to be bend and are nmaintained in a strai ghtened confi gurat-i-on
during atexbesas; topmeenothemhmtctimg| anyotbert neagty, tisge Sud demogyng) 1t3 TB‘FSOB’egg’}e

However, el astic stic. .sh S HIRCAGh Cathent &/ PRSe1 @f

bendi ng n“é’i}"’a‘é‘fe’é‘g %eg%wgsqt}ogéggﬁﬁﬁg?@%rdrg%gbéegngogi' ents of the invention.

Fi gs. 2A-@2hsaiemepieralg of thel vessst may be thivagiope! aey bepast wahast onosi s devi ce
100; shown in_.a sjde cross-sectional view .Eig; whastQbRsts

devi ce 100 af tfé¥ ﬂ‘ Bl n{agautoﬁpgngﬁoétﬁ%% tlgii’Bgl, gét?gcﬁﬁﬁat a s]gi ke 124

t r ansf4d xegnradRant bthé pveitent ed portion 134 of the graft (e.g., everted |ess
than 180'). In_this enbodi nent, the.spikes are curved.in C Mhen
ring 122 is Fegritied pia @H%rf’fihﬁ’ﬂf—arﬁ?mﬂ%ﬁzﬁhén saf)“f%%aém%r%ﬁlstgr%l ghtened by
the ring pafhineh dORe inRERR! A BluYalitpyf dptiang ep@ises? s lidvn iafringrl22hey ar e
strai ghtened or during the straightening process a ta{%et D vess 1!:3 132 is
preferably tr dnest paddd bystaips methigd of raghng s RresPoriieh g 15 APFENP™S ES Shown

inFig. i LR 115 RickQatde Rt 4 fRSHEX eMBSBEnt bBtheaitibie [f0schemitzalipi kes
are unben%&lg{iéol%nggn%od?ﬂrrgnts, l£:?}tehe s%i kes flare_oqu , for. exanpl e

A as wel |
to w ten shhendpertiongtoaln #lprefasabdy frciuges @ NngeisHaTey &4 %‘?VI%F‘d’I’tgheélgﬂ%%ect i on
bet ween the,.bl 2SS - Th e S SbRRnkd G S 12,
achi eved,pqnﬁonsggn% gr%o%%‘%éhngssgﬁ%eﬁét ﬁ% _E{mq!tgi %Jrflb%of t ﬁ%&%mpdgg%ﬁect or
parts. | nAkensivelybodnddidmslly,t g engrgingnpirien 144 meeerege B b2 P8 {the

spikes relative to vessel 132, g Lyel BickEswAEL il BhbRteakdaed in
a fixed pﬁ%ﬁs}dﬁ?n Vaglﬁﬁ%rg P é-lngt@lné%@‘)\%@s%% a&%‘%s%_rme’e%] ad\l/an_i(J:ed. Fig. 2C
il uszI r at @Sbciinalt tefrihatinveatisro chpager 244 compyikes ch plukaditys oif Kingers rehiphy ViR nt

i nwards. An opening 136 i he .t ar esse ] IfAderk e

i nser &§ onTeBRCtEhaV A, q{‘éé’esé?ﬂ?%’epm g%gg a@? “B{é] %%%’tkﬁﬁ%agﬁggggtggeggﬁpl e by
?n encl os%@gggslép@ﬁnétmtzg{isfm%ﬂll@ﬂprooiﬁeb)ﬁmdio?gfadvenc?ﬁg&p;[rihgé%%my alhl%o be used,
or exanpl €, "using torsion forces, or enper ature tr : - s Menory
formed spi kes. Whet Bphiateciar 142 ’lﬁéﬂtfa‘;?ﬂdg%%“ﬁ[‘?i 2308 éPpﬁg'n%%g %t oEte?gnsfix
the tar ge%})ike\é‘ﬁ@ 6le 20088k RE. WRINRS reith@iod v aiificdeht Gl 2Ds@hiaged DY platkBgi s
conpr esse

agal nst _spi ke 124, so bent _end 126 ng a S%EIIer%eonrlot tGe IN @
pr ef er r edelembgdiofrefptionplly, fa Firpent ilth o pegue top qgreﬁ THRE " Tor” exanpl e
USi 19 30 251k 80 ier Bl 1 P Lkt is AAicl] dliobigQtb@oridnsofl awoen linagrafossi bl y
throug% openi ng , SO that . ) g
embodiment of the invention, locking element 106, when it engages ring 122, disengages the

engager 144, for example by pushing the engaging fingers away radially. Alternatively,
engager 144 may compress locking elements 106, thereby preventing their operation.
Removing the device may include pushing in locking elements 106 and/or advancing the

25 spikes so that they bend inwards. Possibly, it is required to grip vessel 132, so that the spikes
retract from it.

As shown in Fig. 4C, in a preferred embodiment of the invention, when retractor 142 1s
pull beck further, engager 144 is bent out of the way by a protrusion (or thickening) 146 of
tool 140. Thus, retracting ring 122, locking the anastomosis device and removing insertion tool

30 140 can proceed as a single smooth action. Fig. 4D shows the completed anastomosis after
insertion tool 140 is removed. As shown, spike 124 typically, but not necessarily, digs into the
side vessel, thereby having less exposed surface to the blood flow.

In a preferred embodiment of the invention, tool 140 does not surround the graft vessel

from all sides, for example enclosing onty 270° thereof. Thus, a slot is defined in the side of
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the walls of vessel 132 are separated. Once ring 122 is rTeqt rcaf(ﬁ,t 2&@
sufficiently, |ocking elements 106 preferably engage the'ring Jor the
spi kes, locking themin place. Fig. 2D shows a final state in which spike
tips 128 contact or |ock against the bottomof the Range el enents or into
t he flange elenents. Fig. 2E 30 shows a final state in- whi:ch spike tips
128 contact or |ock against the side of flange elenents. Possibly, . the
spi ke ti peolridd} thesugbowlticic thentop! tascle erg@wmﬁomh@efarﬁhg@%ﬂ@nﬂé'ﬁ%tWO% B s

not ed t hat by controlling the configuration of the anastonosis device and
the ever $PBRIEpi ke tips 128 can be made to pierce or to not pierce
‘everted FaOCKONG134 of graft 130. Although tips 128 may transfix even

everted portion 134, in referred e [ of . t:he | j i 128
are not 1o i @a e fabefBudl RlsREHAE dBliuAl adlf of BUBR, B l00°
near by, tdegiss@in@nd2dasmgiipgieckible, Waltw samesataptatigmivodinatiensgn dfcal ngtomy
i nvention, including those described el sewhere heregej J i's
transfi xed cneeially & RolRRRIY IR 00 REE St of &G @?%‘ﬁ‘é%s%%ﬁ@n%ﬁisg%ar t
way].c Fig gljysﬂge &%sb@g,gg@aedi@e;/gpi preferred egpcpﬁmef-h:t_@lﬁ ﬂibgﬁvgniim,aba;:mhﬁg@s settop a )
preferre enbodi ment of the inventiaon. Fi is, a.pl a spi ke
portion 2e@ch & desiied G 9E BTERFUEET, 50T SRATRIE Y Sgé%?&l‘ ﬁg’ﬁfl “Bﬁq?akea%?lrﬁléte%t ion. A
pLur &l | i o50p430 Al ORERLAIAILARHIlyPor NG, i Wiy cFbgsadafiatD

od o

illustrate  a net retracting a ring £ort|on of the ana tom)si.sldevi ce
of Fitps. toAatilions in bdeasioresrgh thickugss Bmangpblasd yeserls: @mBBEIPFHEAE 28¢°t Hié $fent i on.

A schematcal | STy B3 el R8VideRGh kAP Wy £ 66T kaplel BEbiedRnate bf Ng
retractorbk_’LO%Zv Sg%i%[(r%ﬂgs a rllrlltgq%ﬁgg iné portion 124. Ri Eﬂnﬁenga ing portion 144

may be desikjmetbckiog elgrge B6ditaxids byanakingaupelern slemert| (D40 Y| B v,

ri ng engagi,n rtiaon 14 b f i pdek.shidem Many
variatio 11(8% 1??r?élagﬁﬁéﬁ%eﬁ%ﬁ%%ﬁﬁﬂrbglrl%%%%slgi@[?lfeéé ﬁ%%\&/ever, in a _

pr ef er r ecexemplapdimbsiimat, thhepikeviacndon springgmgion, forsxeppisranseeiree #IHFRI ity
of fingers which when 15 retracted,a from v dee fih RYmle 2

al ong! 'ttP?S?’H@%‘fq’ TEOE ROLRP £4R VEY Tﬁeél\égytf’inrl\%é stﬁégﬁ{ga’é%%gﬁ%ggé\‘%‘%ggﬁ%zg, is

t hat theyophigyéidaen ofBhHOZP. of advancing the ring 122. \Wen ring retractor
142 is retracted, for exanp]e as.shown in Fiqg. rings. . L.kes 124
are also retr é&taé’&’:feWeeI‘Pbtoﬂ’é"eF‘E?t}tE%’E’lV%Uﬁlof”sSpg‘g? #‘E?ngnefp %fa#g%f?%g?%ggﬁéaged
by a | ockiRtuneeaBihe LB biobd vesdl1B3, so it extedn piaoticalld Bo obntact beswesohe t ool
140 prevents engﬂagement of the 20 | ocki nLg el etgentig unt i Igye %{éﬁggs{opn IS

r et r act edspiles lapdithrgbleed flew: POV BF MBFETe Of 18° 6T & P ehbsdi'ent of the
invent] On%jlnﬁﬁédrsr&gscﬁ{:&{@m’e,Jffpﬁevéﬂ@%rdﬁs- engages ring 122, disengages the

engagér 1 exanpl e by pushing the engaging fingers away radially.
Al t er nat i COILLAR LENGTH '

Tubular element 104 scrves as a collar when anastomosis device 100 is deployed. In

some cases, the length of this collar may be a factor in the suitability of the anastomosis
device. In a preferred embodiment of the invention, the collar is made as short as possible.
25  alternatively, excess material may be cut off, for example after the anastomosis device is
deployed. |
. It should be noted that an oblique connector {as described below) can have a generally

lower profile relative to the blood vessel.

In an altemative embodiment of the invention, tubular element 104 is formed of two

30 rings separated by a spring. Once the anastomosis is completed, the element is released and the
collar contacts. Optionally, the contraction of the collar provides the locking function of
elements 106, by engaging a portion of the spike between the two rings. Other structures

which axially contract, for example a sine-shape, may also be used.
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_ engager 144 may conpress |ocking el enents 106, thereby pr?\geggpn?@t hei r

operation. Renoving the device may include pushing in |ocking e r%ents 106
and/ or advancing the 25 spikes so that they bend inwards. Possibly, it is
required to grip vessel 132, so that the spikes retract fromit. As shown
in Fig.”4C, in a preferred enbodi nent of the invention, when retractor 142
is pull beck further, engager 144 is bent out of the way by a protrusion
(or thi clONE REBCE ANANTOMGSHIS DRYICFhus, retracting ring 122, |ocking the
anastonosi s degvi r i | ' Qcd 460, GRAcRERESEHIAS a

i) ??s grﬂga'gl lgyrg?% Bﬁgﬁgﬁ%[:é b QRohfGs 3 o

singl e snmooth Zetion. t he conpl eted anastormsfif after

i nserti oprefel chddinent eftbe uentiv. AHewberingpobams similay i that piiies, de §9G¢
necessarily, digs into.t i de ther RAY URGcds E588 adResad
surface 13%%?‘?183 "8% oolﬂuggvgelt%sgﬁ%re E%vg tiel?ﬁ?}%g?s#ent of the {nventjon, tool
140 dges anaé plbe iartotlofifdevireas thevessisiidn orfelipynasibh 053 Beed 1o FIRTOR IS APHE®

encl osing .only 270 thereof, Thus,. a_slot i | ] ied. 165 Ofiertd9 1 O
S-EP 20005°H#Hn of fts P‘F‘FFPU%’%“#HFIXHT F“L@“‘%"S@Y’qgg{ﬁ&gg°frﬂgr?%€glc§§éf’ g_om the graft,
once t he oaRAGHONOSIsTikes to GeNpbishakl pdtieriel 1uay. Alsoespmbf erer mercdprbodid®nt  of

the invention, the |ocking actioon of |ocking elenen i; ring
122 is sllocing anepsepiay ke Gipngmsgd Wit 28 Pﬁ%g‘i‘%&’ I%'{%{bg p%%??egf?}gggdﬁédl ocal

anat ony @gﬁlg‘ééw%@tﬂ It Gie Y @hslarg RRIbYEIRGnE dOwRLpkings 25saye esed ot themsinood
porti

vessel ons conpressed by the anastonosis dgvice..|ln a ers.ed
enbodionemttragfior; pbthe ppikat A spfings 420 eBE?‘Big? SqHge ﬁ%’“@i‘b FER iR ﬁ‘g ?ed%}%ﬁr ed

range of BreSSUEs: 60T SR Qse HOhe SRasto¥sishRbich)| Dgiketd is béakcedty not so
high as t0 cause ti1ssue necrosis. Alternatively ﬁr addi.t i onal

| , this
f1 exi bi | ipressing loo\is aaxdajatedtstusin227o When b §tad isoisisase @Féﬁ@’&?é&%@* &’tefﬁ’%(ﬁ'ness
among bl . vassel s, an i Q) Soiret & poriiahe wikkond spiksiala This
flexibil ﬁ?@mﬁéf)” gssglrkgg%)%gﬁﬁl?i% rﬁ@ﬁ%@/gysf g%(ﬂg? exrzhrrpl e, by one or nore of
maki ng | akikkeningel ements 106 fl exi bl e, by naking tabul ar el ement 104
flexible, by Ki ik 1 b all il ho% akiy2ovaKbiagiclent area
126 of the spﬁ@%ﬂ%%?%?ngsoﬁrﬁé&%h%%e%{ug% eng%rgii%grrent, the spi kes incl ude
a Spring Refrink@nRathéralianatatiplle deforfedcur ve at their 15 base, which spring
portion can vary in length to nodi.fy the dis SiibK @ydtiopalfyl oM a
| ocki ng el erren’%lg'ﬁﬁlﬁ‘r]f’ﬁﬁ’?gl’ﬁ?f’t rFf‘\mléedﬁ’yg réer?lgéf &ee%%gélt% %Qg?o the iptrtllvenléli on,
spi kes 12515»5@}5‘5@5&)%[&%@& rbyent the spikadiongeacreiing t6@ B buverthey Were seiepted.” sj de”
bl ood vessel" 132, so that there is practically n - t NELR MO
spi kes and t h&isst &dand PR are sigRRY OPE]?H%agﬁ?iagl@PaeS?%@l& %&éf}%&gﬂ?s pref erably
regul a4 edof pfeﬁf)rming an anastomosis using anastomosis device 200. As can be seen from the figures,

the process is very similar to that of Figs. 4A-4F, except that anastomosis device 200 is

composed of only one piece and no locking is performed.

In these Figs., flange 208 is shown bent back up in a portion 209. This bending is

optional, however, it may, for example, strengthen the anastomosis connection, protect the tips
25 228 of the spikes from causing damage to nearby body structures and/or allow pinching of
vascular tissue by forcing the tissue with the spikes into the aperture of flange 208.

In anastomosis devices 100 and 200, a degree of elasticity with respect fo the relative
positions rof the spikes is preferably allowed, as described above. In an exemplary
embodiment, the freedom allowed is between 0.1 and 2 mm, for example about 0.5 mm or

30  about 1.5 mm. The amount of freedom typically depends on the parameters of the anastomosis
connections, including the pressures, the blood vessel geometries and the number of spikes
used to make the connection.

ANASTOMOSIS DEVICE VARIATIONS
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20 exanpl e as descri bed above, to prevent necrosis. CO.LA@GL@VGF Tubul ar
el ement 104 serves as a collar when anastonosis device 100Vi%-'d p'{})yed. I n

sonme cases, the length of this collar nay be a factor in the suitability of
the anastonosis. device. In a preferred enbodi ment of the invention, the

collar is nade as short as possible. 25 alternatively, eXxcess material may
be cut off, for exanple after the anastonosis device is %?ge Iogeg It
shoul d be notlég Mhiata sahenwitic ibnstratiaarmi 8P Bt spikedinROBERYIRRAT IEW)“ P %ave a

general | i %%\{\e?%néeﬁre%biohiﬁwgﬁ%ﬁ%% S el s BhiROtki@RRAln slpieaizbigial ol | ve

enbodi ne inventl ar elenent 104 is fanned of é% 30 rings
separ at egh bortia tgger humgtonOtic ecomivstoanfes texawplesasi deserdhep| gt BT/ b0 bRt i s

rel eased_.and the ol.l ar .conta ) fi t hgweRpt (A RN opfspikbe

col | ar pﬁha@f?sa&s °of H l‘fl})é?i“hcéar&oga%% ihglgr?ﬂlown%r%%‘g%ts v1v06,’ by etjr{?g%agi n% a
portion ehfiphetGhhkebdetiientichenasmotic ngeect@s Hara nsefemed Gntesimephrthe axi al | y

contract, for exapple.a.sine-s may,, al. 43 |ER 3 ONE

Pl ECE AM@WOSH%EV?%@% ilsglfse'g?q?glb%imﬁl ﬂé%pl?%f/%ﬁ]tog%?&gelg%g pf’ec e Xéﬁgst onosi s
devi ce 2Q0preléht 2GSREHAN GAd Wick hoR exgrting quressdte evithoditovemds of awwe freeliei on. A
nunbering schene simlar to that of Figs. . .3A and .3B. n used to

i | | ust r afnasioRetie soRneer Lpmly aééhe %’gﬁ’a”ﬁoo%% Flé(:hcf%Bd\}in Zess.plﬁ \n advant age of

5 a one pi ece,ANASkRShointdBY] LHikeD 5L Blits REtinlol this 054. Brdferabiztliedineddrea need

to control the relative orientation of twg pigces. ternatiy
addi 119 onbangyenough tchpenstialg g {hecastaiop Oher slde] ‘éea“‘s?#g?“tt P gy %"s%léﬁ’é% is

less |1 kgly Ltﬂig%?tthe}y%ttrajngﬁﬂ hea R e thusbBosHtined\ sah afiGneott! thirean@sgblgce i s
provi ded, Toc I'ng Tl anges nmay be di spensed with ang spri’_n action _may be
pr ovi dedniypletetj may aldo be provisigd. Packening 253 51 thereretpl ob e SBIETTYR Ab B di°Rent
shown, springs 225 e : | LRL I AedhBRel0for bhEtiGRAIKes, and
springs %’:,PH%F%’\?P%@Q‘%%%@ &é&?%?l{(?ﬁy%n?)hﬁlrgeaspect to t?}goéxa_ct .amunt of
retracti aescribed aelbypiteathicksaingfistdiw asrdsto b FAIShA eRgiple forgmagplating, jis; o

advanced b% BPrﬁeisi.n 5,20 its1 y%?%gci ated stud 227. When the stud is

el eds ed A KBS AFHEEIT B8 SRETRE spike.  Optional ly, the spike is
forceful ly retyagtlebymbsiragitofthinvantiquothettingery iheidéh andeor SHFiResshBs a
t hi ckeni ng, 15 |

e O L2 GEL S5 SR e Ry BBttt o
defornmed. . Abfhomghs hosdd bg-thuglotvieneqfiar eshnecion irvhing eediggaipe &304 t may
be provi %Spgléyegjigla%naﬁlnla%’%, in accordance with a preferred embodiment of the invention. As
20  shown, tines 254 hold together two aorta layers 258 and 260 (third, intermediate layer) is not
shown,

Alternatively or additionally, a benefit of a fork shaped spike end is in assisting locking
between the spikes on opposite sides of the anastomosis cormection. To this end, needle-eye
shaped tips, enclosing an aperture, rather than open tines, may be used. Alternatively or

25  additionally, the tines (or spike itself) are barbed, to prevent retraction of the spike. Optionally,
the spike is barbed along its length, to provide a ratchet mechanism, in which the spike can
only advance one way. This can provide a self-tightening anastomotic connection, especially
in conjunction with springs, as described above, that allow some relative motion between the
spike and the anastomotic connector.

30 The spike cross-section is preferably that of a smoothed corner rectangle. However,
other cross-sections may be unsed. For example, the cross-section may be triangular (e.g.,
facing away or towards the bend in the spike), circular oval or rectangular (e.g., with thick or

thin side to the bend). Alternatively, the cross-section of the spike is not aligned with the bend

direction. Tn addition, the cross-section may change over the length of the spike. This can be
22



a stop is provided to prevent the spikes from extending tpg {ap faMse t hey
were retracted. Figs. 6A and 6B are side cut-through inages of ah
anastonosis area, showing a nmethod 20 of perform ng an anastonpsi s using
anast onosi s device 200. As can be seen fromthe figures, the process is
very simlar -to that of Figs. 4A-4F, except that anastonpsis device 200 is
conposed of only one piece and no |ocking is perforned. In these Figs.,-

fl ange 208hieseds Hovsxatmple: by sledmicad srahing, fasen swing Geld nglgb"é n‘?ﬁ’ilsgﬂég i°d i
optional, however. it { oF th@é%aé:g)m Sorosist@RgiINeAf flgioaria siao thegirsvide
connect i osﬁ&egggtag%atnkatgﬁg@%{?ﬂﬁs_ 25 2_8eofm_t r?e spi-kes _r,om,cautFi n% dﬁxmastge to
near by badyistinustengtbsinan desred aditeotpnpi widlsi prgvigme fexdibiyar ePLsUEBT or ci ng
the tissue wth {he LKeRy] - Ty bét Ofii ol thRNBE1HIROS veskd) and asdoNDSI S
devi ces 1‘81(53%1565(5’(5,513@1033%@& g}fogggfeggé}?c%}?y Wit T espect to the relative
POSi t i ONSfré thidslosPikeSAlss, sormefspikaishspealateotpestedaty WBIsCiessEG8HIVE 9L an
exenpl ary enbodi nent, the freedom.a is between 0.1 and 2 mm for
exanpl e aﬁm@ﬁ?@qﬁ?‘ﬁb&‘?o%ﬁﬁg{jgglﬂe E‘].ﬂgé lr%gr]éﬁlteeﬁlhe anount of freedomtypically
depends opxkhePERYIMBORIMENTEe anastonpbsis connections, including the

pressures, the blood vessel geonetries and the nu Pl:ifse vies to
make the connddgi&his An\wé@r@gﬁ & B a@%ﬁ“ﬁ‘ﬁdﬂ@%&“%oﬁsép 5003 Fig. 7A
is a scheﬁ@k}rgdg,},ﬂ,d&h&ﬁbf@@h%n@nspl it spike tip configuration 260, in
accordance wth a preferred_ enbodi nent. _of the invent] on. Thi s spi ke

confi gur at i on Hig 85iap &panew of the gonnsrior of g 8y 102 EXHNE Sg Y2

nast onoti ¢ connector,

for exanpl e asgdege(l a%%ﬂla%—génﬁgéhbhﬂx%/tﬁgﬁﬁéﬁngt srawodpiked frsmroppasingntidesiofi s

i ncor porated hefFein by reference. However, this type of spike 5
conf i gur atre oonneetyr.-be used for ot her anastonotic connectors. In a preferred

embodi ment. of 06 1 ARk ABagt A AQUEEFHE088 280wing e thiieplabmiat fyht he
pi erced bl ood VE&sse ogether for exanple to prevent dissection, and not
for exert ipikpsfroesswrsalee i the anasowapid geaee, MBEPSIMESH T he anast onoti c

connector. alternativel th j b5 One Suab thadki@ldmnessure. At
a thi dkeni ng pofHhiP %é?yagur%g&tgpdé@x&s%ﬁ t S into TWo ti nes@g54. Preferably

the ti nes ctsiered tnditrpgprethouginedter foeetbereatbediments. Threconpictos iy BFeEPHaPade s de )
vessel, but do not transfjx it.. Alternat] Langfihxopt. A
di fferent Offlli’]‘r%‘@ﬂa‘%ﬁlsfrﬁ‘ﬁ% %Oégﬁrgﬁn%spocs)lﬁgn %{ro%ﬁlr%g,tﬂ%gés{lg?gfl%é _nor_?- pl anar, nay
al so be provi dgthn kBinplsninag:fahaingrmdthe], artaiech lasér ehes sy indég Més(B8 a

ALt or nat | VIS isop: F8 PTOREIEY MGk BRI DSHEORRT Tt Ao P ok Shrae € 4l so
used a3 aR.AREHP THROLB Il innBRGY RUbralkiably inbented bn anmstdreini2s podEpRlE aur i ng
dept oy rrente:.cpandable mandrel that engages the connector snugly. Thereafter, the spikes of the connector
are bent around a ring mold 264 and surrounded by a two part external mold having parts 266
and 268. The molded connector is then placed into an oven to be heat treated and then
preferably quenched, for example in water. Then, the external mold is removed and ring mold
25 264 is also removed, for example by bending back the spikes. In a preferred embodiment of
the invention, only a single heat-treatment is used for training the entire connector.
In an exemplary coronary anastomosis device, the diameter of the metal used for the

spikes is between 0.07 and 0.1 mm, similar to the diameter of thread commonly used for

bypass suturing. Tubular element 104 may be thicker, for example, 0.3 mm, however this is

30  not essential.
CONNECTOR MATERIAL
In a preferred embodiment of the jnvention, the connector is formed of Nitinol,
however, other materials may be used, for example stainless steel or a polymer, such as a

plastic or a composite material. Possibly, a bio-degradable plastic is used. In some cases, the
23



In a preferred enbodi nent of the invention, the tines vary, %P 3{5 and/ or
thi ckness, to resist retraction of the tines. Such geomet(;‘ £P4ht i ons
may al so be provided on the spikes. Fig. 7B is a side cut-through view of
a connector including configuration 250, deployed in an aorta 256, in
accordance with-a preferred enbodi ment of the invention. As 20 shown,
tines 254 hold together two aorta |ayers 258 and 260 agnpgl rd i nt er redi at e
| ayer) i scommdctor shayvae, formpadeafiiwpioy aroye giferatimeicanla foy o A P A % or k

shaped Spciﬁ%re r:‘ﬁ’at%n%l&&v@]?&keﬁﬁééggndn%(flf\btglgrm&%trﬂh?&iﬁlst he spi kes on opposite

si des of anast ondsi S connecti on his end, needl e- eye sha tips,
encl osi ng an axlerrtauvﬂy, thatcomrectoh an forpied af jlerst In ﬁi’ﬁ‘/ frpan gUealt &F & vel y

or 25 addltl on t| n ,ﬁe‘/{,f) are barbed, to prevent
retracti o‘ﬁaﬁ’?”t hgly Fﬁlﬁgqﬁ%&t‘aﬁggspl ke is barbed along its, | ength,

to pr %I de a rla;te(ghﬁtlspmfdnmmymlloEmﬁVWGmmeaslme@ncmfy@TrﬁR?ﬂa]éﬁ&%lﬂé’é‘ onleI
way . is can provi t eni t ﬁ%ﬂeﬁﬂkngﬁﬂﬁpl ally
in conj unie HSTRATvERY ¢ ﬁt fi&a L i§' Qm %%Igﬂeg%oa@g%’iﬂeﬁggp%@fow some rel ative
noti on behyeRMdyNR uss®iTkoBs das*et;ehamaémms inwuoted wechograft3nisFsahs prdye
cross-section is preferably that of a snoothed conmer rectangle. However,
ot her cr oressiBlydr p HROIGIRGANE- used. For exanple, the cross-section may be

triangul aﬁEﬁEoﬂ'MENfr@F I&w@mwsls Q‘MNECTORDEW?CEH the spike), circul ar
oval or rectangular (e with thick or the bend

Al ternativel y,FigH® lénadbwbe’éef %he?iﬁfnplaﬁﬁép@ﬁ?sﬁéo? g%ﬁ ‘?YaﬁSéum a°%‘}¥d"f“ﬁee bend

direction bOER xﬁeé‘r{nbﬁnwzgy vehange of\ke ptheedurengt be of t he
spi ke. Th‘fmstlll gaﬂg%%d %glbﬁ%l&%%p P 2003 achi eve i

for_ ex le b cg[e ga
etchi ng, pabened; firtekemple,dot grafisrayiba grogided Wratghadols mt "he%‘p‘?‘ff’é‘ nh 00
advant age 0%1%0525 E{I,_wgé?ﬁsl‘ﬁq SR E%SPE%%& %ﬁ%ﬂoﬁi@ﬁ'ex&ﬂ\iﬂ%' gicabh n 18t that t he

provide reng In a desired direction ile providin

f1 exi bil i tambdtiond hlergendﬂ}lyecftquuﬂt for th¢ brpasatangeirybog of i %qnﬁ??&P‘P%/%aif ke
Cross-secti bette in IFuRRg, AN it i tthe

bl ood 1f | OWI%N‘%XMQ%CRE‘C@{J fzrgvas 'g% s&glrsggegpectg%g’etli‘o cause | ess ggﬁ& e to at
| east SofR doAy&kisn Q]ﬁstztlt‘&oﬂa)ltb@domeas,ebne whitheecdyaegiigns mesyr be gimpRiEfpcARY

EMBCODI MENT Fi .8A|sa an. | a f .an Qr in
accor danc <Pt émaiﬂ’@‘l“ég‘?eé%l &ﬁ%%ﬂ@ © %ﬁé&ﬁ%ﬁ%%ﬁ%ﬁcﬁ%%% t op

view of t BRo&d RRChRiec@én feled. witkh, the aarmea‘ta&ts |ang:hscﬂ)atfbls pre@rafipy o bg d®E i s an
enlar ger’re?r;[mdse Q}?QM h(? v, E)Ih ?n ﬁleﬁtelre?l cc?ljntrgr,mﬁl as Rvo ex e];r{eoen)?ar%gggs’tﬁ'bgtuﬁé ﬂﬁé of‘)fhe

20  process is also flexible, depending on the types of materials and techniques used. Process 300
is described as a generalized process, although account should be taken of the possible
variations.

First, the by pass procedure is started (302). This usually involves opening one or more
keyholes in the chest and/or other openings in the body. The heart may or may not be stopped

25  and the vessel to be bypassed to may or may not be blocked.

A graft is provided (304). The graft may be harvested from the patient (e.g., a leg vein)
or provided from a package. This may be done before or after the procedure proper has started.
In some embodiments, the graft is a semi-connected or a disconnected mammary artery, which
may be harvested and/or prepared through the keyholes.

30 A connector (e.g., 100 or 200) is mounted on the graft (308). Depending on the method
used for mounting and for anastomosis, the vessel may be everted (306), before, during or after
mounting the anastomotic connector.

Depending on the type of bypass, one, two or more connections between the graft and

the patient's vascular system are required. Steps 310-316 describe one such connection.
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the connector. Fig. 8Dis a viewthrough line A-A of Fig.q %ngphgﬁ{gigng t he
rel ative placenent of the spikes fromtwo sides of the anastonosis device,
in a resting state. 15 Exenpl ary neasurenents are provided on the figures,
but they should not be considered limting on the connector for other
enbodi nents. The.connector is preferably made of N tinol, and is trained

to the resting position shown using the nolds of FEigs. 9A and - an.
exenpl ary nardofte (30D Afolmis pisghedan B‘gg?té’lqoggé?selcE‘Eegeéasbl‘é@gv%mlcrﬁp i%I.p 8A (or
a plat einitﬁeﬁoqéto%?%ehhg%bd\lﬁmggﬂ&ﬂm tHebaorf t er being, s_haped on a

or m't he

mandrel ) t0 connéctor. The tubul ar c ector is preferably

mount ed on a TrermlafeiitR %, copnestos iathesy insericd,dp Airdaalf &qlﬁ])aﬁlbfoé’?e ?Iﬁé;‘)tdméeﬁlésages t he

connectof _snugl y. .Thek Shm SRLKESo AbfotRaneONpaGAINT depioyesituetidn, ar ound

a ring F&oﬁ%ﬁ%éﬁsdp%?l%gn ecfldgd; a two c|§)art0 ext er ngiﬂﬁrml d having parts 266

and 268. beFtre onaftatéids omentedct or is then placed into an oven to be heat

treated and then ref er.abl d ARk 8letint MRt ®Formidesy, tht he
ieceopBrefofa vk IS TS el g ePuBleihe

external nold and rin 2 I s al so renoved fgiqu exanpl e
by bendi pgideasi ih 86ms pink@iiments by pplliager peshizghe dF vien 0o T2 SR of lpskERE| on,

only a single heat-treat t i.s used for trainj i 8f gRMQEEOr. 1IN
an exerrpfhﬁr‘&?V@Br“bH}fr%F“éﬁ(ﬁ.‘t%BWBgl? & ag\‘}llltguég, 5‘%"%2 lal a?rsé%}glp%g%hf hg met al used
for the (RRhdeRpé sholkal, Wesdplodily BagroRidéd.nun, simlar to the diameter of
thread commonl y used for yp syt uring. . Tubul.ar 4 e

t hi cker, for EBeatepl i thep @“Wﬁ?daéig\)eglérs"‘f’%g@b? ) ﬂr}gim%g'sg‘?éor# ?saf : ElfpNECT OR

MATERI AL hﬁto"ﬁ rﬁ%f’r;e%ﬁl@%deﬁmﬁ dicank e@f oftthegianvahérhaivelyt the tend ndigrapticd. s
f or med o%r | ti nol

, however, other materials may be used e
st ai nl es dltsinatdvely thestoplos ypktrapark fHfprplively, tg‘? %F?S HE?W%Y%J ﬂgegtlh?oe rra% Ile'ri al .
Possi bly, ; EnSBeTuhE tHeSrafs®sh all BidemRilenssinuséhe 23 it 0 SE
P 2003 cgrlltglén?t"ge;ﬁ%n%ﬂg?akorned of tv?/c?or nore different materi a}s for

exanpl e, eachTBeptoren obmakingdi fORBICEAR IEPEAGIAs BFYVER % KA EITSn of
two or nore terl . ' nector is formed at |least in
part ¥r OWST’F{%&'S%P?%& 368 in%fo‘?@?ét é&@k%beat&b% wan

or “xenogr a terials. For ex_anRI e, ri n(gél may be
formed of sinafter bnéThebath abtmdctonsraa¢ aradbl 4 stgp of | QU aftsurangs ( hﬁgﬁ ¥a
manmary artery or .a r.ipheral = vej N | ahdI&f 1o QEsafel thavatieer i al s,
i ncl udi n@r@fﬁﬁiﬁgf’@mﬁﬁ’ Ilce)vth cé?h%%f’gg%tlg?ﬁrn%@é%ﬁ”%%% in t? he art may be
used. | N c5MEBoRAEE Profelig deplopei tior eempianuinbesl cen befe sge 4 ol thet SikEe e

body, p%fosple%; ydei)lgygi I;;.r(la 1:»}3(30&:I gz%rte'lss%g'they are supposed to. The testing may be, for

20  example, visual or radiographic.
The procedure is then completed (320), e.g., closing up the keyholes.
Various tools for performing steps of the above process, in accordance with preferred
embodiments of the invention, are now described.

EXEMPLARY TOOL SET
25 Fig. 11 is a schematic illustration of a scaffold tool 400, which holds various other

tools during a bypass procedure, in accordance with a preferred embodiment of the invention.
Tool 400 preferably includes a handle 402 and a shaft 401 extending from the handle.
A particular feature of this embodiment is a slot 404 extending along substantially the entire
scaffold 400, which allows substantially free entry and exit of a graft vessel, although, as
30 described below, it is sufficient for the slot to be present at the distal tip of the tool. A tip 408
of the tool is preferably formed so that it can fit inside a hole punched in a blood vessel during
the anastomosis connection. An area 406, at the end of tool 400 preferably has high sides (e.g.,
it has a nearly complete circumference, except for a graft removal slot), to aid in maintaining

the configuration of tools inserted inside scaffold 400, as will be explained below. In addition,
25



DEPLOYMENT OF ANASTOMOSI S CONNECTOR DEVICE 10 Fig. 10 is [L of an
exenpl ary process 300 of keyhol e bypass, in accordance w't a pre erred
enbodi ment of the invention. Many variations of the procedure can be
performed, for exanple, the graft may be provided through a hole in the
chest, through a blood vessel or be harvested in the chest region. In
anot her exanpl e, although at least twg ,connectio ne aI gui red
for the byqads serypeasos stap Whichipreveals AHRERY FBFEOHE ‘°8§£®5]g§ B?Aniég‘g
endoscopl £l y Rfﬂﬁ%\f&?&gid@“ ereaue@S e 20HF BudhUh geey tooE,u;btsﬁlﬁrapmahnd Bast with
respect to Fhe connection al. fromthe coronar%ﬁﬁ e of the

connect i mn&nﬁagpdlgaﬂeisrdmcnm@tﬁlow Sitherequiigyrasiong cag ajsg ?{a artery is used.
Anot her type qf ] at td altenM¥nGhnitihe @ @ﬁt& fio® sqaffelﬂameﬂ for
connecti on (eqL 46, Sé“&?l{%e&é%ér&rﬁegt ol{rrﬁlrls %ttacheld is pr par |or%hcan be
done § nsindés rhcleddiom drwhen # islitiffeetoatemord et @95 from ghe

exanpl es-sdes{;)e ti g& tiﬂlﬂ‘ g}gg J&u ({She o%gec%ro%%\aé 1439 ;f Ipeeférghe prgg@egm}m@ on

the type nlques use ocess 300 1s described as a
general i qggbr@ﬂ@qmpu@hﬁ@@pghummmtchmIﬂdls Ipushted kieta teF Pumsedolnda)iugfib
variations. First, the b ro . This usual l'y

i nvol ves #sesmingrahdicgtn ar?( gt%r% %ggonéﬁ% or other openings

in the body. Eh@ff&]@iaé toolBYD %efefm}y m@lbd&&ahgmmq‘memts (88 showin)t tocororesly @ligh 0 be
bypassed to may or not be blocked. A graft is provided (304). The graft
may beo ha’fpvlemse@dflﬁfé ‘the patient (e.g... a leg vein) or provided froma

package. This ngxoéog ﬂalére%b@eﬁmeefgrasﬁé %Weﬂ‘rdﬂat prag be dumde op mepdbrThsasst of ar t ed.
Il n sone enbodi

nts, the graft is a sem -conpecte di scon
manmar y a110t>1e409 is pisfcrpbly fnﬁgcdtmf %H?Rlé%lﬁéﬁ knpR Bt f)ﬁlgagﬁ%%)"r‘ﬂ% glﬁgﬁs%lga%%
keyhol es QQusedl, 2PNanipke WRip@ilizaivnt thahgls &howg 308) .
Dependi ngA ?{nft‘tﬂrgg ?ﬁa&&fesﬁe?é Ed'fa()nr%l nount i ng arir}g: for anastonosis, the vessel
may be eviartheaait(SOG) before, during or after nounting the anastonotic:
connector. 9 ANPhich WR iertB®into LaffsideDd ons
bet wedh the gr fﬂrp’%ﬁ'a f?'%%%br}éétﬁpghglgémvég@ﬁf?r sygtemlaree re red oS eps
310- 316 dgseidchemicane sslitchart shaedey are, rerartad, if theySEpiosps araft-Jhug, 1
hol e is punched in .t rget 0 e far h)!m 51@ Q}lﬂ-;etbo]ss Ien
't he' hof eI Bt P g e e i th
the conneghpbe g witherknifogmoedisd onmwhmbfdnmrsepe@m)caff@ﬁ 4§%ﬁre°félrﬁd8%ﬁ“ﬁ%m0 t he

gggrg;t gr g{];t,ﬁ%%& att(l)c!l 1sd§rfe%rarg?yd p?g fo%ll‘l!e gl slﬂe{ogrt@o') N Of:RitipAE trérﬁMaY

20 Alternatively, most of the tool is open, for example formed like a bar, with only a ring at the

tip to enclose the blood vessel. The tool may be damaged by the removal process so that it can
only be used once. Alternatively, it is only plastically or elastically deformed, so that it can be
bent back into shape, sterilized and reused.

HOLE PUNCHERS
25. When punching a hole in a blood vessel, several issues arise, some or all of which are

preferably addressed by preferred embodiments of the invention:
(2) Avoiding a double puncture, in which the opposite side of the vessel is punctured.
(b) Avoiding inadvertent damage to the blood vessel caused by the movement of the
punch.
30 (c) Avoiding loss of blood through the punched hole.
(d) Definite removal of the excised portion.

In a preferred embodiment of the invention, a punching operation consisis generally of

two steps:
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5 before or after it is inserted. The connection is then T“@dSEP:”%{g}}y
preferably by conpleting the deform ng of the device, but in so

enbodi ments, by pulling or pushing the device. An extra step of | ocking
the device in the new configuration or of cutting away unnecessary portions
of the device (neither steps shown), may optionally be providéd. 10 The
tool is then renoved (316). In sone er&bo‘di menltl‘s t he tool surrounds the.
graft. The timakivgy pbectid e erest Sristliengefi @hd of the graft.

Al ternativel y, i < i STRRbIRd vessdl WA Bhigitveloyl, the tool is split
apart. Alter %1%@?@?9%%&%9& i vass

e tool is cut away fromt bl oo
Al ternati vel yin atphﬁertradoﬁmlwdié@nmf%@Wﬁ%ﬁeﬂﬁ"t{j’t“égﬁhef pwﬁgg ?&Z’?{c)fesst?p whi | e
it is in.us he B ' Ko 0 SRABE 61 108TUG0S Thep artimizimsthedsly ti mes
as requi@e@ﬁ’ofgors‘q’beﬁéﬁ)c%%%%g\%gsmi a?%o st eps 304, 306 and/or 308 are r epeat ed
as wei | . ofAlbtrsle pameriog (Hantyorbanisk of ipadyerené daares Ma step of Quality

Assur ance_( 18 | ferably perforned, in which the connections are

i nspect eﬁkﬁghﬁa@*iﬁlﬁ to assure that the connectors ar%ﬁ&@%p rly

depl oyed. An ,@)ﬁegmlpabyptmhhiﬁgebmnnttiesltownse&g'&f12@—12Q=W§3§B¥3IP@%° 'gf‘ operly
depl oyed and pierce the vessels.the [ OjesikR&l tRSIsk @ty be,
for 20 withiks Sﬁheﬂ/F@ifa‘Eesﬁ?ebeﬁgﬁf%%&%%?%&hﬁﬁﬁgg&uregl-g?s t hen. conpl et ed
(320), eqdffoldGdb N Gr &R ubdids keytdall@e. todlainisoms emnbedigentts pf Hereitiing' St eps of

t he above process, in accordance w th._pr.ef | & Spuabn WhRh

i nvenei othe haieds pragheddelA0B _roté};%gﬂiﬁﬁgfﬁ%%ﬁ)@%%egg ig. llesi?s a schematic
|11 ustratd o Qf 4@ [pﬁﬁc%fe& pbid td SedenfRBkagvbidrdt hghidsintird08us ot her tool s
during a bypass procedure, in, accordance with referred. inenk: of the
i nvention.  Tdok padiepA2l emmisgs i sW]%}ClhéfhlgT ﬁ“ﬁ@‘%‘g éﬁr&ng{ggﬁ%ggfél
extending fr h J&FJE. - B tuibe Wagbe kBat AsReaf 42615 groexibdst theirwhens a

sl ot 404%&%%?3%"@% oﬁé@’st&gest anti al IE@ fhlg entire scaffold 400, which

al | ows s ulbsuahisiretrdctedf thetongwrs eI bipREIEBEGf a graft vessel, al though, as

30 descri bed OW A At 1S, £ G lenb: Ghe foagle, Ppr sl agpinsthe

. ! e;h tfal fek @Dl S QrenkdiRd B Qke foaglee,

distaf tip ofﬂi & Z&Ia.pogfmt%llu({o °408 of the %ool :'ys preferably forned so that
it can fiHevem®i.de a hol e punched in a bl ood vessel during the anastonosis

connect on. AL 81 AA00 vl LS EDHo 4Gk $00HPloRLES dhy a portiobiitiois] des

(e.g., it h e crrcunterence, except for a graft renoval
slot), tQeabidsin Pratabig) B Hgwnl hegoondddghavatd ontieg edgsofosmed S8 By s de
scaffold 400, as w |l be. expl.ai netd below. In addition, 25 10 'SEP 2003
area 406 S8BpcpegousedonA REFPRFFUA 5P Want s unlinited i nsertion of tool 400

into a blood yepgelac, wbe 423 is further retracted, thexeby cutting out portion 428.
The resulting vessel 422 with a punched hole is shown in Fig. 12D.
An advantage of some embodiments of this hole puncher is that by suitably setiing the
aperture defined by tongues 424, the puncher can avoid engaging both sides of the blood
vessel at a same time. Alternatively to the engaging elements cutting the blood vessel, a
25  separate cutter (not shown) may be used to cut the engaged portion 428.

ROTATING PUNCH
Figs. 13A-13D illustrate a process of using a rotating spike hole punch 430, in
accordance with a preferred embodiment of the invention. Punch 430 preferably comprises an

inner grasping element 432, preferably a vacuum tube and an external cutting element 434,

30  preferably including at least one spike 436. Fig. 13B is a perspective view of external cutting

element 434.
As shown in Fig. 13A, grasping clement 432 is brought in contact with vessel 422 and

engages it, for example using vacuum or using an internal grasper (not shown). Preferably,
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An area 410 has | ower sides than area 406, to allow such {nsgFpeghpgools to
split apart and free an enclosed graft as descri bed bel ow. O her
configurations can also be used. Tip 408 is preferably nmounted on an
extension which is separate fromscaffold 400, 5 and is retracted fromit
when it is time to renove the tools fromthe graft or durlng t he

depl oynent of the anastonosis connector.

4 08 bl.
present sicanessai22be trgesed; IEEaspiae Glepigpichizry S %QV é?tfa(%‘? ‘ata"w%. %%eﬁﬁa H

pushed | a0, 43enPHAGHRA oROLRY 43 hdle tdfbRlis feraE. Of 21| the ot her tool & are
removed aHdotive

anastonosi s conpl eted. Scaff ol di ng # 8h 3oy
i ncl udes al i gnriigt134], stging isismenh ithis, advanced BFwFgsy eaftefg '%838 € ®Psert ed
i nto 'tTR%leg%tg 03 (?Ty ES% Fﬁﬁgghbén%qe ol 3625k heounhcpm\mwessemzmﬂdaamade of

nmet al I'S pre erablyforrredo stic
knowns i nxstphﬁmablystrﬁglﬂland&&hghw longed PEfbo sz leogth pq (e pAR T 1S @ i ‘H%{S/ be
sterili zg and reu ! a d iZabhasEthedentsiayn in
the art. g fithve 55" g’rﬂfeol néﬁ%%e%mgﬁep%w%é%?énvent?on tools which are
i nserteds ﬂi’égéiﬁﬁf:lﬂé)klﬁpékﬂﬁad imingertad dita messell4RY usipg Hotﬁﬁ@a?ltm%"?éﬂ they are

retracte | f th close t t hus aft can be removed from
the tool . Al t@gn W§7 8s,se14gg|\xgtﬁxglherlef%mgt (1)111%%%@ glnl cal splitting, the tools
may be culnwilituRckni fe, possible one which forms a part of scaffold 400 or

of the inserted tool. The inserted t.ool refara .t h a
slit 1or two)Fige IHAci4E HEstEs & RERFESS. Ofi"ﬁmﬁda?éﬁﬁg{‘ gpﬁ%e%@f El—ic))é gﬂ%eool is

open, fo é@fﬂatﬁedfﬂ%ﬁ&énwﬁh@mbaﬁmnwth only a ring at the tl pto

encl ose 'ENFI]@ ood vessel. The tool % be da gﬁgz bsy af ks v Bﬁr cess so
that it can &as§owreinfisd4dmed in K dfhad thpd e SSUSER I P ically or

el astlcall llc_yf%%orrred so that it can be bent back into shape sterl i zed

and reusé E PUNCHERS 25 Wen punchi ng a hole in a Ioog K
several i ssuessandveein RgridCornval holopunghar 4RO SraPTIsss a WSy esse& by

preferred enb Rehedgauish dorpigdatitsr €, i n
whi cht® thé‘“&%‘ﬁg‘gz@m%&‘e i ot gr&égg%feﬁ&f‘es&%ﬁgn%%él 5 b)g@Avm di n

i nadver t epd. Aj}menymrtaldélnbmdbrd theewittblg adgerstd thy alﬁ‘ﬁbmﬁ%\?éﬁ%ﬂlﬁceﬁfogtoﬂg punch.

30 Avoi di ng | f_blopd.t die 42af Tidn
emoval  SHIPRETE R WOlCLb o B e e e e Lvent i on

a punchi nE.WPE Fikl DID, GigGivil tisregected Hltil yessél 422 vpous befpgen pyil 452 and cutiers
450. Fig, 14E shows the resulting punched hole.
20  AVOIDING BLOOD LOSS AND OTHER VARIATIONS
Tn order to avoid blood loss, an enclosing tube (not shown, but could be tip 408) is
preferably inserted into the punched hole. The enclosing tube preferably has a valve through
which the punch is inserted and when the punch is removed, the valve seals and no blood leaks
out.
25 The enclosing tube may be pushed into the hole. Alternatively or additionally, the tube
may be screwed into the hole, for example by defining a thread on the tube's outside.
. Alternatively or additionally, blood loss may be avoiding by perfusing vessel 422 with
saline solution instead of or in addition to allowing blood flow. This preferably serves a
purpose of preventing vessel 422 from collapsing, if it is weak or serves a purpose of clearing
30 away blood. Such saline flow may also be provided through the hole puncher itself. An
additional advantage of perfusing vessel 422 is that the side that is being worked on (punching,

device connection) is thus distanced from the other side of the vessel, reducing the probability

of damage to the other side of the vessel.
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10 SL P 2003 (i) making a puncture in the target vessel{@si68§ apmool ; and
(i1) punching a portion out of the blood vessel wall using the tool. In a
preferred enbodi nent of the invention, the notion of the punching tool, for
step (i) and/or for step (ii) is achieved w thout axial notion of tool
400. Thus, minimzing the risk 5 of double puncturing (a) and/or the risk
of inadvertent damage sbl} GRAB AND CUT PUNCH A first type of punching -

el ement Wprrﬁﬁpg 'UNGH_ 12D, as a hol e puncher 420. As with the

other tools gesci’RaephaniR a ek GuRhBCHEEr dedRBedraybbimsatediiysadoidouse with
a scaffold tool 400, or for use as a st -al one ool erl&oscggﬁﬁ hodi ment s
of the i4P0eintacoprdanse et 2 profamed KEbadiment of 1aR BYERERY PASE™ S 0T ot ght

(typicallyet ; )i @M @hd theRDF b hamlOi64 ke operatiy hbpaith anéaethasthen t he
punched %‘é‘l{ ‘e@{ g&fﬁ&e%éndt]é?l eakagee and/ %

eak or to guide in tip 408. cher
420 conpaidseshap tiph6428 pigkirehths flleadsvesift & PMU%%‘F“-:%‘F‘&} g? &P ﬁa‘% S@u
tongues 424. Alte i nel ekl di&cddUPBodB¥ssbeisSliddd, fok Sdampleebd26 i s
provi deode Bestﬁantméﬁgl@% %'?U}bluéo ?glgc}}i S rﬂelt‘r:act ea, tshse to%jgu s.are bropght

t oget herpusHig tip 456 Gorwa@or by plackiangle (ot shayad p(ipAPS. DS ALRRTEY 1y *Fhe
tongues,. b r. i .agai nst . I i 42Bn rhdi@nel B Quricied
retracte‘(?l%ag‘ﬁgg"{:‘d‘gﬂ’f)1 ya%ngﬂtﬁg%ta%%g%gémgrdggg’gyaﬁe’ortinon 42gt8 ofg vessel
422_ Pr efigsidakit] ford thdminth tottippidst sé&olhdd®B. a cutting edge forned on their

inner surface unted.on a 11% rpendi cui;%‘r%%q%iﬁ@isgga&éaﬁagwtg,%g;,ﬂtube

e n
423 & furt heVhendhy BRI ORREF By IR {1 ortion 428. The resulting

vessel 422 WeiBy pukinghedidintie bicdseaen in Fig. 12D, An advantage of sone
enbodi nents of this hole

5 of puncher is.that itably setting the aperture
defined by t&1@&&SJAQ‘MS,Pltnﬁlé“%d}ﬁéﬂﬁféﬁ“baaﬁfr‘ag\t’)éi‘@bl'engagi ng both sides of the
bl ood VeﬁseLFli%t 1d5® 8 aﬁf‘erll&;igémentatﬂ@rpﬁﬁhhmeh& of purich@6@ rigragédhig sedffotbHils
cutting the od vessel, a 25 separatg cutter .(not. sh sed to
cut the whepailedunsbiis prsaterbdn a profeRee Rﬁg?fﬁﬂ@—ﬁ oﬁ%&s&v% r-l’fg(léﬁl?ii | us_%e?grteg a
pr ocess ' | BE1SP0kEd hp! SepunshvdidGhe bimchatbiovdlaesse figmh a
pref g?r eg&e{r’wé‘fﬁc{%gﬁgdnft;&%?éﬂt h_elinv_enti%n. Pun_?:h 430 r@f e{?abl.%t .co?‘parnicﬁgs an
i nner gr slippinggpfthependh. 43nclineds aiekEYy Broyied iht it CaRSHM B PR
cutting gl ement .434 r 1ai486) udi ng at | east one spi ke 436. Fig.
13Bis a @P@%‘S%F?S\S/eelog’%%é&@%%@{ag?nal cutting elenent 434. As shown in

Fig. 13A, gr aRigs.ngAendriéBtillusgateiis p@‘ﬁpﬁg@mvip\ﬁ 2 it A0S VIRV EeE V3 and
tip-retracting hole punch 480, in accordance with a preferred embodiment of the invention.
20 Punch 480 comprises a sharp retracting tip 486, an anvil 490, a narrowing 488 defined
between tip 486 and anvil 490, and a cylindrical portion 487 between tip 486 and narrowing
488.
As shown in Fig. 16A, the punching action is caused by retracting tip 486, preferably
using a shaft or cable 492 into a hollow 494 formed in cylindrical portion 487. When tip 486 is
25  further retracted, cylinder 487 is pulled back against anvil 490, cutting the blood vessel in
narrowing 488 between them usiﬁg a ridgé 496 defined on cylinder 487 and/or anvil 490.
In a preferred embodiment of the invention, scaffold 400 and/or tip 408 include a seal,
for example an iris or leaflet seal, through which the punch can be insc_arted and retracted, while
. preventing leakage of blood as long as tip 408 is in the punched hole.
130 ALTERNATIVE RETRACTING TIP MECHANISM
Fig. 17 is a cut-open view of a tip retracting hole punch 500, in accordance with an
alternative preferred embodiment of the invention. In this embodiment, the retracting of a tip
506 by a shaft 502 does not pull back a cylindrical portion 507 to cut vessel 422 against a

cutting edge 512 of an anvil 510. The motion of tip 506 and of portion 507 may be separate
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engages it, for exanple using vacuumor using an internal gga8grerypfpot
shown). Preferably, 27 1 0 SEP 2003 once vessel 422 is engaged, grasping
el enent 432 is slightly retracted, to avoid inadvertently damaging the
other side of vessel 422 while the hole is formed. In Fig. 13C, cutting

el ement 434 is advanced towards vessel 422, so that spi ke 436- penetrates
it. By rotating the el ement 434, spike 436 cuts a round hole in v%slsel- 422.
Spi ke 43nd Tdegengersf dablatively,r theghto arfdions mayi §hieysef oy SBEe: FE"ane
length ag,the. wall of S distil S ofNnhR50RkbabRs)he Rl ofshik e

| engt hs %}te %bvwﬁ@f F‘ipg o%&}ﬁ?rﬁxéeaﬁ%é&@ Idr_lS a particul ar idni{ﬁ ementation, spike
436 i s sp@kibeheshajac{aylhdesSi7rmmdior envilififo vessel 422 using a rotational
notion. Fi =} 422 with the resulting punched hole. ANVIL
PUNCH 1ooﬁagbﬁéﬁﬁ@¥cﬁ‘§rate a process of using an anvil hol e puncher
440, kn accorganc®is avishdwing pf ef essemblodrind di takant apart abliguq hele MERGE: S5 shown
in Fig. 14A and in Fig. 1413, .a sharp e 442 iRbMasdliht 444
in, ves¥aichgapbe yeed Wmﬂoﬁesﬁ’?&lg ijl%‘enﬁa\?ilﬁ H%B{:@eﬁ%c rédr)a 440 co?rp’rli ses an
i nner el gBRtnd4§ith aVhgred BrdbdiaiRug bf 4h2nfatioedTiat formsofetid hetriman bsut er

el ement 448 having cutting edges 450 forned.at jts d, ter | vely or
addi t i onalrgular, elfjmfical,f ORGE é}éﬁé’g &R é"‘ﬁvﬁiﬁpe?#é%ﬁ PP gﬁes%af*’aé’gsfﬁ%%’{“%% y
cutting edges. Binche 5205@hpriddtVicherdBy of b oS etk eXisimving e breird424inghr ough
hol e 444. Then, as shown in Fi 14D, t he _anvi.

_ _ .1 <|1 isr tr%gﬁ%g uc?tainlbevessel
422 18 cedgebst weerelement 524 5xeEiang tip o2 at fi5 psidenger efgpent Rat 404 ¢a
resul ting. pune Hgﬁdefa@bﬁe-as 20:cAVA BoNG Bl PRk ESSc 08, FRidER: MARIATSGier| N
00

order to avord 0ss, an encl osi ng tube (tht‘ ShOV\QA btﬁ" oul.d tip
408) is echmefici2dbigyinstribeforeadicuitosees, JUPERE G ol B VessaRAZm AP A Ube
preferably has a.valy ' D SthPUSSHD il rSenit ) 2R RHaIBN ebtiabrEig t he
punch is *e Wgcﬁdgefshaéﬁ\%%]%/ngfﬂggaé 19é\mz;n dtr?ggtbl ood ]eal?s out . ZgﬂThe encl osi ng
t ube rmay tipe2p s Ednalnima piegertvd lemboditment ofathe inwFstionr thy ddaneidshingd By Ul t ube.

may - be scre into t hal e, for ex i Hab Be haliDpaaItk] Gutihdne
t ube'’s oY .15Poﬂaf%ﬁhtgﬁiﬁ?/%wa%rcgégglpé%%’oﬁgﬁo?%1 ﬁagoé Iaqsfs) may be avoi di ng
by perf ush BEWA U RIrer 3 Witk bbn S3ahd D8° mdipuiferably Bbrat 621 podvidad. For exaapled on to
all owing blood flow This preferably serves a 1§ osz oftgxﬁrlﬁve ctn'ﬁn vessel
422 f r omforsl 454 penahgtheifprwiard quiingegge B s@f‘\?léﬁ'sbaﬁk Bﬂ‘?’g‘(’ﬁ P AT G 30 away
Ib![ gg?% S}?&%@c 358 143%n fax_llg Yo R Al nRfioR 0P hibd 20 $ond iRBerRin@npspAGhar

allow lower cost machining of the cutting edge and puncturing tip. Alterpatively or

20  additionally, by replacing cuiting edge 526, different angles of punching can be achieved.
ALTERNATIVE OBLIQUE HOLE PUNCHER

Fig. 19A is a schematic illustration of an alternative oblique hole puncher 530 in
accordance with another preferred embodiment of the invention. Puncher 530 utilizes a solid
tip element 532 having a forward tip 536 and a back cutting face 538. A matching (optionally

25  non-parallel) forward cutting face 534 is provided to cut vessel 422 between them.

Fig. 19B is a showing of tip element 532, in two views. The embodiment shown here
includes a plurality of groves 542 formed in the tip. These groves are not essential, however,
they appear to reduce the need to rotate the tip while puncturing the blood vessel. An opening
540 for a pin to attach the tip to a shaft is also preferably provided. Back cutting face 538

30 preferably includes an inclined portion 544 and a relatively flat portion 546, to assist in
holding the blood vessel.

Optionally, rotation of the tip of the puncher is provided by vibrating the tip and/or the

rest of the puncher. Alternatively, the rotation may be provided manuaily.
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addi ti onal advantage of perfusing vessel 422 i i i

_ _ s that the siderbh i

\évio(rjgegf o?h(ep\ljnchl Ing, gew ce connection) is thus dist anCeZ q‘j?g% ?@?gl zt Eglr "
essel, reducing the probability of danage to th i

_o:‘lthe _vesse_fl_. 28 k It 0 SEEP 2003 | NTEGRATED HOLE PU%CH Fi gs.e (itSerlSSDI ae

: |400us_trate -ahol e. puncher 460 designed to be inserted in scaffold tool

460’ in accordance with a preferred enmbodi ment of the invention. puncher

operg??ﬁgd?@gﬁﬁmgﬁ?ﬁm?m?ﬂ%t al end thereof a handle 464,‘ for

[ er n SR ' i i

the bl ood veskwpra @EB?efibafﬁcﬂP{éﬁ%b?eD?"é gt mﬁ%é‘%%%%ﬁ%%%%dg@ o r

B sr r B\llj\ﬁs ngn tgg Eﬂe %%%ot}l\fﬂ‘leﬁ@ dgaﬁﬁbp@ géreiﬁdthbldeﬁde isasstbt oitgidg of thecgraf 879 Bkanpl e

) 466 forward, or a_.back- ; '

Di stal ografidhas eniHignadegntime gomgctigh i ﬁ‘?g’?"%%%’ltefe%%%e?% g%i)lP g%%bﬁtggegh

ext er pal @Q,gclng?? SloSitoFkifk dBPItE RObutshi thsure el tho hissimes '
punch to° p g}r?%l?éscafofol d 4002. u150 \When, t he_punch msss@netﬁ@i‘lm égeshown

in Fig. 15B, Ini pprésrelsmbedimsst atithedmupin hoeEfVp Ieveﬁfl';%,v &Fﬁé% yc%unchl ng

Zogm Ie:i ! rs'u@ tggé)s?ap(?ke\é%ﬁl%ﬁ& frofi e ghBGna HRsiiMENcotbbctéms endedr istahthscaf f ol d
: g: [ n enlargenent Of ‘the grom mal end of punch 4??86 i nserted

in scaf f gl@edQRrtionwraie thd. Funetrsien vpeparstal (4 20K Lok ™R ofitent of

thei_nvention, a fixed dianeter area 15 467, i i
and tip 4bsit 18e7)pHewerst g 458WEh e"ﬁf%"é‘d"a\’}e”%éé’z?e tﬁ%‘ﬁn‘g?ﬁe%ﬁ?"ﬁ%ﬁ?%?eﬂ'e 470

punchy, Ari'tsél? &l 1081 SotRh&f §labkne @aRVd slgPedyrandrowiall 243 G¢sistpmanipilgtion. An

advanci ng e punched vessel onto tip 4 i
t1_63 i || ustldidios] probjsey '@ﬁb@tﬂlwaﬂsﬁsmyab?ﬁﬂqf’ esdcg{d-‘%s? g@@#ﬁ%@‘%‘é@%@%’?‘?@% agd
tIhg-{ﬁagarﬁg%donghoqgéﬁsﬁggﬁ%m% ggl nraccor dan(r:]e with a preferred enbodi ment of
; ises a ' [ [
450, a nar r owNiaoulieldisks forlctetoRan AsFURAGeEY BroTi ol e 81 ANV
(lély |n(igib\csta),{ .ggr%%gﬁe%ﬁgggs&wp tip 486 and narrow ng 488. As shown in
g. , % g action is caused by retracting tip 486 r.eferably
ZZ ;ngﬁeﬁ h?:‘ t (?g\gmb] @r tRshinmessisedhoiersisw Af e Faff-ndy CgPPES FFﬁ&Fﬁa@Sﬁ‘ tiﬁa%r tion
agai nst aﬂ%‘?I?Efg,@(ﬁlu}%%‘%?ﬁﬁ%u&%%‘%r%%&t racted, cylinder 487 is pulled back
_ _ ) _ b e ood vessel in narrow ng 488 l% t n them
using a ri dge @O askakinged hersraiyby the ernnd@ar, wriettich thaAPY eXgpion S f C\Af erred

enmbodi nrent of the in i . )
manipulation of th\é%gzrilcg Qﬁd/(;sr%?ffp];&l) iﬁlgot%e andoRoski P 408 include a seal,

(c) Avoiding performing an eversion altogether, possibly by simulating the eversion.
20 ONE PART CONNECTOR MOUNTER
Figs. 20A-20D illustrates a transfixing-based eversion method (b), in accordance with a

preferred embodiment of the invention. A benefit of the particular embodiment shown in Figs.

20A-20D is that the eversion device is nearly completely outside the graft, so that one end of
the graft may already be connected to the patient.

25 | In Fig. 20A, a graft 551 is inserted inside a vessel holder 552. A connector 554 having
a plurality of forward spikes 556 is mounted on a connector holder 564. One: or more tip

maintainers 562 are preferably provided to keep spikes 556 of connector 554 from bending
back to their relaxed position (e.g., in super elastic or elastic devices). The end of graft 551 is
engaged by a plurality of lips 560, which are coupled to an expander 558.

30 In Fig. 20B, expander 558 is expanded, thereby increasing its radius and causing lips
560 to stretch the opening of graft 551. It is noted that the inner radius of lips 560 is preferably

the same or greater than the outer radius of spikes 556. Also, other mechanisms to cause lips

560 to increase their inner radius may be used.
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~anvils can be

for exanple an iris or leaflet seal, through which the pugcd1 %?n be
inserted and retracted, while preventing l-eakage of bl oo a§ oﬁ%{Bas tip
408 is in the punched hole. 30 ALTERNATI VE RETRACTI NG TI P MECHANI SM Fi g. 17
ii's a cut-open viewof a tip retracting hole punch 500, in accordance with
an alternative preferred enbodi nent of the invention. In this enbodi nent,
the retracting of a tip 506 by a shaft 502 does not pull back N
cylindrical paFid Q0CEOmetor 664 is\edsmetd, Ampebs Gaunsi SPHes ééﬁHtF?@S%ése%jlz of an
anvil 510, The notion of tip 506 and of portion 507 may be separate 29 1 0
SEP 20030%@§§1‘dependent. Alternatively, the two notions _may be caused by a
si ngl e contr ah Fig. Abbemheaid rellyis shovpr ip which s pertialyampnat aghiexeqlidf BP%nd of

shaft 502 couples the motion_.of shaft .50 it hiagkae 507
and/ or aigi $piles §56.0mICF {fﬁas?%frﬁ%aﬁ@&u%eélségf b%%fi@gﬁgﬁégm{)%gwo an

asseniﬁl efe f},goasﬁiﬁ\lfs%ﬁ%ﬂﬁd fntcolrbft G5te The veriqus expaeders 281 tip hldenmeBRACHES used to
make hol es having a lunmen that is not perpendicular to a blood vessel, in
accor dantgosgd-h a preferred enbodi ment of the invention. The form of the
hole may be  fiahGibiiive Shloblirleh o apikal dieisaea pech ngledo theotaligbeleratt,
dependi ng on the shape of the punch_ elenments Puaner. ngleC%QRrihsﬁé
gener al | theaby aprovidingr 2 tpatial SRETHIR %A g% Fdt Y RATHREEL10edge, "an i nner
el enent 52 a..r i i th bdaf ehd)Si de i nner el enment 524 and
can be f I%%‘P%Ig,&{u?%#ﬂyrelg%%%fhg%?pgggﬁri ed above, and a cutting piece 526,
whi choi s TVeO PARE GRAFT ENERTER enent 524 against the forward cutting edge,

to punch a hole i el 4 T io fi bh@rdutd iwith adgeseradd t he
o NSRSl ol b

ments. Additionally, retracting. tip
522 IS Opkbdiaknt ¢Mha imreater Greft Sibddinserted infa gBl holrsppt cSPﬁSS‘gHehaﬁﬁ’gne
defined by cutting 15 piece 526 j £ hrotBddshBofier s8ehytidthiklidng
edge, al ﬂ?&ﬂﬁﬁﬂquﬁﬂf}a‘%émﬁﬁ’a@c Iglregtf){jg*@ &%?Egﬁ’m an sanaul ar difference of

bet ween 5, anchahd s s epirae hniloheahmdt ABernaivplyosedsdothmagy Redbspgh mountsdy 5 45

punch, the forward cuttin dge is. 4 0 Qa&lgn A8l egent 524)

and cﬁttiaﬁ‘g‘”‘iﬁ“é]@@tos%hﬂfggr' Eﬂg‘gﬁ#ﬁfgsd’g@gggl?&ﬁ)’ﬁlé sepa@glﬁd?r?ll of cutti ng pi ece

526 from i Nneg gl BPMoniRded Biriaindblyos71l mviding eswittng¥ andadiest She cutting

- edge and puncturing tip. Aternatively, ar , 20 di gRh&ICi ng
cutting edge Bodetailieffteat 814 isghgd ﬁﬁ- Qp‘%néh%%?ﬁgﬁetf%’gﬁg%‘%‘gﬁd% ﬂrALTERNATI VE

OBLI QUE @S’fﬁhﬁ’é{'ﬁgéﬁ&ﬁgaﬁ SEOALL Bo oBRBEDRIN Anickpansier 519, baving 2 ahwalltt ef nat i ve

h 530 i

obl'i que hol'e puncher n accordance with, another ptef ( ef nent

of the i rfingaisiSaRis RehthepaBigbe grfl P 85It ROV ﬁﬁhgﬁ%fﬁé’%%‘%_ﬁiﬁﬁgﬁgvi ng a
forward tip 536 and d.RaEKcdttbi RGdvaRe F3Fat ASTRNENtnG 76 optli Dgalsl 5.
| Optionally, but not necessarily, the relative location of stop-fingers 576 and tip 574 can be
controlled, for example to control the amount of eversion or to allow a more stable hold on the

grafi.
Fig. 21C is a detail of expander 579.

25 Fig. 21D is a side section through expander 579 showing graft 551 mounted on it.

In Fig. 21E, a pin 582 is advanced, causing expander 579 to expand. The vessel is
everted by advancing graft holder 564 with graft 551, so that it is inside fingers 578. Possibly,
the advancing the graft 551 includes advancing of the anastomosis connector, thereby
transfixing the graft. The extent of advancing may be controlled, if required, for example, by

30 the resistance of the graft or by stop-fingers 576. When pin 582 is retracted, fingers 578 move
inward and the eversion is complete. Alternatively, pin 582 also advances the tube enclosing
expander 579. This tube also serves as a stop 10 further expansion of fingers 578, trapping the
graft between the fingers and the tube. When the tube is advanced, it everts the graft off of

fingers 758,
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25 non-parallel) forward cutting face 534 is provi ded to_'ﬁlatqygssnl 422
|

between them Fig. 19B is a showing of tip elenent 532, twio" v#@@s. The

enbodi ment shown here includes a plurality of groves 542 fornmed in the
tip. These groves are not essential, however, they appear to reduce the
need to rotate the tip while puncturing the bl ood vessel. An opening 540
for a pin to attach the tip to a shaft is also preferably provide Back

cutting face m3f aBemptiefearhatinent, siop-dinees AP nplufs Tl SpHset HApPIsIPs aﬁ‘?dfﬁea

relatively flat rti.o 4 ASSiaSt i t hhQ Qdvanes 5Epi

~ Optional F%‘,’ e’f‘%‘f’g{)l npl&%s?htgm% %%ag@g{t%egr%%gg gl!rhg!uggip?r ‘g\e/fiuded b§/ Vi bfrelblfli ng the
tip and/ @82 tdires thestopdingeisdngu redndrg fingetss tonaneirtvibe graft ¢fE of Bagsery H/13- FFE&? be

provided manual.ly. 30 1 0 SEP 20-03 M) CONNEGTOR, A1 CBRAET
Several MOEAR mgﬁség%m‘?%lgfoe?esfsoorf “ount ?%@?ﬁgkgﬁhstgﬁpsi S %\?i ce_og t he
graft s | gngBBnorfthd inde mhetiativdy, shedeafcisichggedboth fam ingide aeiogeoutsdeon t he
outside of the graft_and t intima-to-intim connection with
t he bl ooWﬁleggﬁﬂﬁgé{ﬁﬁEgm the 5 other enbodiments, nost
of the devi cepjss 294 §isciRntalie cor-@fdugiafithstritbnasfant dnmmiie grfirvetd d0, in a
preferred enbodi nent of the inventio

the graft i rie -
connect oﬁ?cord:ﬂu%wiﬂhaﬂ’fecf%dseﬁ}bveé@eé&?fgh?jIW?%%P%§V§$C§$¥&a¢1%gﬁaﬁ\é§£rng %of t he
connect ok, i & URLRL: OliabSiiR) of ARernNMER! 8 chPiktigobnigf tht herafyriaf (as Fhere
ever si on Xay be partial (e.g., about 90) or cor% eqtleﬂg)e.t% , thab{ao t0f1£180).
Howevier , eobbdimenteefi Bes 20A-2N3r AR GHPAENE 4iPs 14 BratRFaly 2R 3h the B S 8
process 10, L.l | 5iRE b fi 85 DRAY br Sy 8bi Enesytaind
smal | an?@@éﬁp&efé%b&f%ﬁﬂ;t %@n.ggkﬁgﬁg%ediﬁ%@ggl pr obl gn{i syt hat t he, spi kes

may be hdmlidech gmfl holier S64. Patftrebly.cip $Hsis en iexprneing siliganeatip, grughe’s srRaRd

causing gt eat damde,. VA h0USc A0k kARR. LAk RURESLAN 31 SuilasFRdheeishier oi n

I n parti CHIPFSSERP Ses o utions are general 'y presented:. 15 (a)
Manual ( QfitoNREIMiERE tinsHis itechnsevie ts ideforrof Aittraatijrelif, tother FEPRGHIG¥t RS
transfix the .graft before during or after the eversion. (b) Transfixing of
the giaf ta5yenfies BHRRMESGr, in which the actual eversion is effected by
mani pul ati on of piidaBtydE\ingers é51a/compleye nives) 598 isimayidddewith as cagtsisR §3gg ) -

Avoi di ng perform ng an eversion altoget 0SS L oulat i dgrebne
ever si on.‘ﬁh@oa @\Er%%h’ls W&Fﬁf%ﬁﬁyﬁﬁges @%)%%‘b%ﬁldﬁust rat es e'a}h
transf i xi Rgnla3RdBY amsiepdtsibRi0 e b} single adoae dfthe dingérs. PAltematively ereeied
enbodi nent of "the invention. A eg_e_fi of, t he rRart i cul ar enbodi nent shown
in Figs. such advance rolls the graft back an additiona small amourtt.

20 SPIKE TIP CONTROL
In some embodiments of the invention, the spikes of the connector which transfix the

everted vessel are in a bent state during the transfixing. However, in some preferred
embodiments of the invention, the spikes are bent after the transfixing.
Since the graft need not be living material or even in the body (or at least not in contact
25. with body structures) at the time of transfixing, shape memory materials, such as those that
bend when heated, may be used. The heating may be for example, in ambient air of a room or
by passing an electric current through the connector. Preferably, only the tip of the spike is
shape memory, so that the rest of the spike is rigid enough to be inserted through the graft.
Alternatively, a shield, for example a tube with one finger for each spike, is provided
30 over the connector while it is advanced, to maintain the spike tips in 2 straight configuration.
Alternatively or additionally, the spikes may be bent after they transfix, for example by
plastic deformation. Possibly the spike is heat-treated at the bend point, after transfixing the

graft, to "learn" the new configuration.
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20A-20D is that the eversion device is nearly conpletely 10 t@_;j;d; h{ge graft,
so that one end of the graft may already be connected to the p gi“ nt. 25
In Fig. 20A, a graft 551 is inserted inside a vessel holder 552. A
connector 554 having a plurality of forward spikes 556 is nounted on a
connector hol der'564. One- or nore tip nmintainers 562 are preferably
provided to keep spi kes 556 of connector 554 from bending back to their
rel axed pOWISTINGBASED TRANIHIXING| astic or elastic devices). The end of

graft 551 is n 11 ural !g RS L £ nleedr{ 0 an
expander 558. Pgﬁ)g?%g?gxu’iﬁg%eae&wﬁié‘%&/d%ﬁﬂg I asglg%%\r‘\%keﬁl,gy?‘rﬁgre i ncreasing
its radi Usonafdore alisicoahdepsith 5GBeferoedsemtstdirhent loé thzpiahentignoFigg? ¥ shays1a |t s
noted that the inner radius of |i,ps 560 is.prefe Vetyail gk eat er
than t he GERgsoroRqHhasc dbessb‘f‘ﬁ%fé" e somneciog Of Bk 2 R B hadBiReS IR ofié © ps
560 t 05 i NgHRAP BretBRfi fo thaNEYs 60acionly dime\shéven) sl .in,Jather DaBBRL. LOOBCIoN 649 9. 20C
connector 564 is advanced, the,re%g C%Il:lsi@ﬁ s?i ke% 56 to transfix the end
of graft Brefsrably qomprisesa spike seqting o8 #nd ubHler SPU08R0%n ~ i n which a partial

eversion is achisguadsog i pire?erﬂﬁl?r%vidéﬂ&b pBdlbds @6 ilbied grafte st €Figadt®) florom ti p
mai ntai ners 562, bend. Qjtionally, lips 560 prevent bendi ng, ofres§ig%kes
556 back #asidenighnfrans§ising opHiep 04 ilp dspresepetheraPulimgey of i'% R R i IS

renoved. Jatd | B hre thRRASRIake hadkAnddnisakis @dsidén Byna angl e
to the \Na{x{hﬁgfqraﬁﬁie%ﬁgsféto}ﬁqs?Eée)?rggbtg%gr oviding a parati al inyer:g'ggn of .t he

gr af t 1@ndfvost meintvirer 60fg Hobvevar dfis i3 mot esentsbnF org PG FPESH S0 BYY Phe
spr eadi nggﬁgﬁéﬁ%ﬁ{istte@ gﬂefqgg?ifg ;gx”fl;ua}xghxlmt B3Ha GRAGdd BYEREER defdimatichlid- 21E

illustrat ever in accordance wth a preferred enbodi nent
of the i ny&esibleaiso iftnafet el5dit dewicisnfoe exasupld by eveyroigionhol der 564 (possibly

having nounted thereon nast ] QRlgggi ts tip
protrudes. Hol r‘g‘géﬁ’gfﬁ@g% lsﬁ%ﬁegém?ﬂrﬁﬁg%%gﬁgﬁlg%#gﬁggg%ﬁg 570 i n _anot her
hand. Al t er nat ines. p3Conleve 50distrimenyt, diewbemohtachbatwesn grafts Sh et s upl ed t o
each other. Connector 554 t sho may b h f verter
570 cdhprises & Hg Hhsaf %g 18 Wﬁ%%‘l br?'gé{%ts @ﬁ%ﬁﬁﬁ%&g%dé a %gétg@g‘%lzeg A
detai | of {3&8[ ol 8f he ﬁﬁimmdr andFbigstreRhE], fok extrpplb Tiding prdefies sushyas peAYIdBd, i s
provided such that the end of graft 551 can.be nglu%ﬂelf%i:gﬁﬁngaﬂg‘ﬂ Expander
579, havi HigsaZlpimpagthor gxasle, CPRFEIoE 68518 rPacird PSR VG T he “gr a?t_ tip, as
descri bed oﬁx?#%andd%bﬁle%hi ﬁléid@%raﬁtSQP;tﬂS bRY&I s MéGoréhdis comtedl dredivhsfixmeovi ded
e adv

to control ance of graft 551 over tip 574 and fingers. 578 ..
In Fig. 23E, an opt?onal step of advancing thg spre re?zgwe tot everteSd portion of

20 graft 551 is shown. This step may also be performed later, or may be omitted.
In Fig, 23F, twist maintainer 606 is removed (or the spikes twisted) so that the spikes

twist and tips 604 point out.
Fig. 23G shows the completed transfixing process, after an optional step of retracting

the graft over the spikes.
25 It should be noted that rotation of spikes to achieve an easier transfixing and/or

eversion may also be practiced in staple embodiments, where the anastomosis is performed
using a plurality of individual staples, each of which can be rotated around its long axis,
similarly to the twist of spike 602 as shown.

SIMULATED EVERSION .
30 Mammary arteries, in general, are relatively thick and difficult to evert. Applicants

have discovered, surprisingly, that the mammary artery can be manipulated to have an
effective everted area, without actually everting the artery and while applying a relatively low

amount of stress to the artery.
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Optionally, but not necessarily, the relative |ocation of Ts@w iztagfrs 576
and tip 574 can be controlled, for exanple to control the a nt

eversion or to allow a nore stable hold on the graft. Fig. 21Cis a detail.
of expander 579. 25 Fig. 21D is a side section through expander 579 show ng
graft 551 rounted®on it. In Fig. 21E, a pin 582 is advanced, causing
~expander 579 to expand. The vessel is everted by advancing graft hol der
564 with graf tg;&54A-24D illiadte b inetiwdiofisimiiating ageressi@y gsperrlbsiopt Pammife
advancing the_graft 551.incl udes, advanci f. nast onosi s connect or,

t her eby Wmmﬁcﬁ‘?fﬁﬁl@Wéth@rpé%gqeﬁﬂg’og%e ﬂ%%‘?lnﬁ%@gﬁci ng may be controll ed,
if required, fy% 28X AR Eonchyal BT atnenrhas hisdra 62 [Gs notaéthgt ether tyes pblood
stop-fingers 576. Wen pin 582 is retracted, fingers 578 nove inward and
the ever svesylsiand gefpnaserals ey Ry WL I%PY, pin 582 al so advances the tube

enclosing ex @S&@r&ﬁ% ioThth pidD 82 B hiEDa kel @gamepext) fitamevark: (2d rare
expansi on of I nge

rs 578, trapping the raft between t.he f] r t he
t ube. Whemotitiel, tadneagearigtivele ,engggl@g,lgpgig Waﬁé’eﬁ?‘éﬁ(’%?ﬁ% art?g) ?ﬁgers 758.
32 In an azﬁ_ltgar ”é’htrfa}!eeor%ﬂﬁﬁ%m.”t’ stop-fingers 579 include small spikes at
their tip

el are”” al'so expanded by pin 582, théls eneg)? i g tgle grarﬁsg from
the inside. A Ihdict 242, fahewntcs2dfis pivancedgo thepthesad phat gilpd1 PRSP 258ow
everting fingers) to gye - 30 fooduithi10 88éction 6Bthe EBbBetrynaftniaid
m mcs t heSHERG mﬁ?(ﬁsggelggﬁlgidh%\%g’%?%%e%si%;a f or ceps,

except that the
graft 1hs e, yhdpirgn@aiedsiranhekivmal frsmersork A21.chp sigs oo Hpe Pﬁglstjﬂla‘?’t“ai‘i’e
‘engaged both fr i:nside.and f ' ERAINET 1ty Baub¥\@ il In Gty T
EVERTER Wﬁﬁoﬁg%tlﬁn@é’h’gﬁﬁﬂm&ﬁ ggﬁ %&o‘ﬁ‘g% Gg%xﬁgst Pation of gr?ﬁqal?er native
graft evegi@raiadsh bperpaadionaamol inishtwm qur eiflane aeplé b GdnAErnalotherHse
invention. In everter 590, the graft is e everter,
addi t i ontha?eﬁPeg}dt‘gPﬁ%{?i@%Ifgr ?xgmg%dlgﬁiaﬁﬁ oﬂﬁ%g&fﬁ}eayé’%gﬁl'ti as in the 10
enbodi ment of igs 2481 Ae Hienedyurofpragicaq isttiapsHed by prepke 2abpie BEIHEd at
the end of a body 592, preferably. sps graft.,551 f LRSh @ tGr af t
551 ma§ of2ardyr sremplsaispgunttegs ?‘Pﬁ?g‘tﬁe&g&@f’?‘ é?%lrgarm@@% 5%?3#%§abl §/1 tip
594 is an j liemne tip, which is expanded by a pressure source
596. An egggr%’gﬁ%{;ry %ﬁgésdé%%\ée% source conprises a roﬁ, V\hiﬁgsm?rﬁ Wwhesfied 1nto
a silicon tip Boah exiemplaayeebodimentod FEYOFCOBPEEPN AT VST ¥° "ot her exp];rédi ng
or grasping .35 ' DEn S R0he AvBhiHipd fiaktyrya20fchm gie be ¢aptro
conpl ete P?ﬁ%#%@ggﬁgﬂgaﬁioggﬁﬂ\%nth ane er‘{gagi ng edge 591. Wen a finger
598 i s adegnmidl622emddgmeyokdgéd- 591 pushes the rimof graft 551 back,

thereby evertin raft -  BichY% @nidergloe2,atyaopicof t he
finger®. Alter g? ?%}‘gﬁg}l?u%%cﬁ A BYLLAB IR Yn Phich¥% chug

an aortic connector transfixes a thickened portion 630 of artery 620. A ring portion 634 is

outside the thickening. By proper shaping of mold 622, there can be a portion of intima also at
a location 640 outside the thickening 630, allowing an intima-to-intima connection. Possibly,
dissection of artery 620 and maintaining thickening 630 is by the transfixing by a forward
25  spike 638 of connector 632.
In an alternative embodiment of the invention, a blood vessel or grafi is shaped by
compressing it to have thickenings (not only at its end) and inserting one or more spikes or a
connector through the thickening, to maintain the shaping effect.

INSERTING THE CONNECTOR
30 Once the graft is everted and transfixed by the connector, the connector and graft are to

be attached to target vessel 422, in the punched hole. Once the connection is completed, the
tools must be removed from the graft. .
Fig. 25A is a cut-through close-up of scaffold tool 400 when a combination graft

holder and connector holder 640 is inserted therein, showing graft 551 schematicaily, but not
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such advance rolls the graft back an additional small anmp@n&EpP2@pgsP! KE TI P
CONTROL I n sone enbodi nents of the invention, the spikes of the connector
which transfix the everted vessel are in a bent state during the
transfixing. However, in sone preferred enbodinents of the invention, the
spi kes are ‘bent after the transfixing. Since the graft need not be |iving
material or even in the body (or at least not in contact 25 with body .
struct ur esdwial 4 hanbdse Fof. 25Baissd pasprgtives iapeofngan? A nidelder ¢A0sprelStil as
those that bhend when heated,. may  be .used. t exxanpl e,
in anbi erfCTRTIES §1¥O JAVFof BRCT 18 erﬁﬁ%‘s‘?’hﬁ%l grﬁfeg g’cl{'gr?(?scd %‘F?@%ﬂ@?ﬁ%ﬁﬁlgh t he
connect orjs sRERicahakh YuteP Rkt ddneviittpasaibts ihimsepik e dsvicsintpibe sty othel t hat

the rest of the spike is rjgid epou t Lhsert ; ft.

A Ler nat itw@ryressa ang Brogsi oenShre e BT ARERELE o ASHSpL IR
i's pravi degne30 1V dhhGorERBRAGEA 6f thalipikes. The beeriadpamofgrafitss1 iepmfesdly t he
spike tips In a straight configuration. A{]ternat ilvel y&ran‘iel?ﬂ tionally, the
spi kes ehetvasn kryer 644fand fip dAB\IOWEYERSH TRY alpQybe ReuerR Iy P44 78S 1% def or mat i on.
Possi bly the spikey th 8848 SréttusioRe tddgag Boictinectat be thitkeaingfonxt ng t he
graft, to "l e%r@kéi%ﬁﬁi"‘?%‘?ﬁ’%fo‘nn gu?’ét,i on. 33@?@0 oo 2003, TW STLNG BASED
TRANSFI X (RE. F). For e28upla.3t® tinesuaftthesnikes ofdit Jocadrber Peatidr a5t B vessel
by twi sting spi. s id 4 RECOIIRIELIaWr! B rigof pfctiusion 646

enbodi mﬁﬁ%&&lﬁgﬁ?ﬁéﬁ?ﬁﬁég%%&Hé%iAd}lshows_, a coﬁ#erct or g60% that can be
simlar tfetchemotmmedhoronndetdEi 4similr cantigaiption satbe gprdde BogeF e Bt ée"b‘r?e 5
shown) are bent s hat.. t ,,ps. 6 I ludOididhed By its'tibk A@ Blidwhan

out . Conn%‘ﬁlfﬁsr&eéﬂamhﬂ?gfge:?a% ?19138%%% %gés}%gzzﬁ&?\liﬁgegecti on 601 gj‘ﬁd a tubul ar
section 6@3berfssik@ay e ba iveargw ef erabl y provided to protect an inserted

ft 551 (Fig,  23B . acci dent al | j Xi i s
ot of or rod enbabikiEnbist STkE Frovant Pon ot NLRP Ser] kS € W SeoBia blbi |

604 i s oufgrdiatihey are twisted in and maintained in this position by a 10
twi st maintainer 606. However, this is not essepti | §at @RI KES
602 may be plBSPPEEPMFIbG B A% KrFE °§e&r°5fl?yeﬁ%§ﬁl afY g4d BhalbTR i ) KOS
not ed tha{mg%t)@e%'éél%i{i'%&%miﬁ% abeB 65DOS G bliteidabbayére4super el astic devi ces,
for exanple i

y over-rotation. In Fig. 23B, graft 551 is inser I t he
graft hol der, layeetd4ds etipetedorch ta tg f@?‘”%@%‘“ﬁl"z&\?e°°%‘i‘f§“ﬁr & ee;r}%\%e‘%f?&&
~al I owi ng &ResBftanRorburand shiths t1RQstnt sbkek Rndage tar@BWessgrddt 551
i's transf%@g(é?%;e{@tézﬁGM.mﬁn oﬁg met hod, graft 551 is pulled forward out
of the grébtshoeinger and/or stretched, for exanple using a device such as

shown 2i0 : Fig. 26 shows the situation after tip 408 is retracted, showing spikes 124 that engage

target vessel 422. .
Further retraction of layer 644 releases the radial constraint on the back spikes of the

connector, allowing then to bend out of area 650 (Fig. 25A) and close on vessel 422, At this
point also layer 642 can be retracted from the anastomosis.

25 In a preferred embodiment of the invention, the relative movement of the various layers
and tubes is provided by a mechanism in the handle of the tool, preferably operated by a
simple control, such as knob 653. '

LOADING THE CONNECTOR ON THE DELIVERY SYSTEM
The connector may be mounted between layers 642 and 644, for example, by placing
30 the relaxed graft on layer 642 and then bending back the back spikes so that they can be
" covered with layer 644. The bending back may be, for example using a forceps or using a

dedicated tool.
Alternatively or additionally, the connector is cooled, for example using liquid

Nitrogen, so that it becomes pliable.
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Figs. 21. In another exanple, connector 600 is retract eq,(}@{sﬁsggﬁ} V\:hl | e
inflating a balloon or other expandabl e el enent inside graft

prevent its notion and/or control the transfixing. In Fig. 23E, an optl onal
step of advancing the spike relative to the everted portion of 20 graft
551 is shown. Thi's step may al so be performed |ater, or ray be omtted. In
Fig, 23F, twi st maintainer 606 is renmoved (or the spikes tw sted) so-t-hat
the spikes twitshatanrg, tuemsmﬁzetérmayhe momttﬁd lﬁlﬂg‘-‘ fol@@neg HHHESTt he conpl et ed
transfixing process, after an cting the graft over
the spikes. 26 1he &{mgfter lﬁ‘éts Eu‘E?tg(til on g%&glpl kes to achi eve an
easi er transf jpyingoteid/oRer e rbsdufght mythalmdme sp tizat thieqwotthj engagesnpieedt

enbodi ments, where the anastonosis is performed using a plurality of

i ndi vi duslte baglagniless of IECANMSFIORNi ch can be rotated around its |ong axis,

simlarly tO gcz%le WhshedhibSRirktate8RAudase mb@ngnee£hﬂMth1EEDaﬂ\ER$BmeBGleNamr y
arteries, neral, are relatlvelg,thj o?xﬁd difficult to evert.

Appl i cantoserﬂﬂmwd(ﬁiﬂsféwséﬂaswﬁﬁw stgight coPHEY ™ We nammary artery can be

mani pul at ed tgi) \f,et )algr el ept hiygeqyged ed area, wi thout actually everting
the artery an ying a relatively low a U'Rl?gt of stress to the

artery. 34 1 O:)SEfbrM@Blf‘D@étO\@nﬁeMBdﬁe]r?Ilsiéh"f%?ct@‘e thod of simulating an
eversion, especi-all gHHJ fed Yorodk ﬁﬁ&t@lﬁddadbﬁe Thet oichepref err ed
enbodi ment  of %Sﬁ@ |°\é9lrée%{or%nm I geyargg\{ushomsoo%e wal | rrammr artery

620. fot ialigmtatsedndt hist forand spikeppesnab hiferteiy m@é@%ﬁe%ﬂ%ﬁ?@ff&?ﬁaﬂr“ﬁ’ 0é’r‘i al s  may
be used instead ln Fi 2 n ter ML ¢hsRR 2ot dayr 685 S@hicleRgagi ng
ext er nal g ’6‘;2&0“&&%556&5%\*}% e(l?,g % ﬁllgdngage égrteruy 62% The engagi ng

means m;hdbglcmd@e@mbdaybhmeaﬂﬁnectbnr exanple a friction surface or small

barbs. In f 24C, k 621 d 520
"2 Besned_aoaacte g o o s B VR S Nk Shngptery

sui tabl e ;gekggiion of the geonetry of nold 10 622, shaping portion 623 and
external framework 621, the size and type of distortion can be controlled.

Opt i otfal IBEMOVINGEHE E9PLShd/ or nold 622 are ridged, to cause a ripple in

artery 620. Alfdatoinsandedyeesd setdxacte) iy e pﬂafwubysm bp Ishife 6 crfdmr or a
nol d that otherw se shapes the end of a,rteri{ 620 %’tsgf(%ﬁ)e 1%1
saddl e shé#3eThymihehsanbeipmovpd by Fpiraghon without art of artery 620 i's

transfi Xeﬁyel%g/ miy ﬁé’b#é%pﬁtzﬁd%m@veﬁ Q5HE & beYd or cone which splits tip 408 and/or layer 644.

Although knife 654 is shown somewhat distal from the end of the device, it can be closer.

20 Fig. 27 shows only layer 642, emphasizing a pre-formed slit in the layer, knife 654 and
protrusions 646.
Fig. 28 is a cut-through view of tools 400 and 640, showing a peg or a cone 656 which
splits apart layer 642 when layer 642 is retracted sufficiently. In alternative embodiments, peg
656 may be closer to the tip of scaffold 400 and/or it may be movable into position, when
25  required.

ALTERNATIVE SPLITTING METHOD
Figs. 29A-29F illustrate an alternative connector delivery system 700 having an outside

703 and a distal end 711, in accordance with a preferred embodiment of the invention. System

700 also includes a body 701 and a handle 702.
30 Fig. 29B is a cut-through view showing a magazine 705, a connector holder 706 and a

splitting pin 708 attached to a rod 707. When rod 707 is retracted, pin 708 splits apart the

layers it is in contact with, for example holder 706 and magazine 705. Alternatively or

additionally, a retracting knife may be used.
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15 626, - for exanple using nmethods described herein. Ml d@28Fpayjsgncl ude
apertures so that it does not damage spi ke 228. In an exenplary

enbodi ment, a LIMA is conpressed as nuch as 1 cm It should be noted that
the end | ocation of the intinma and the adventizia of artery 620 can al so be
controlled by nold 622 and framework 621. 20 Fig. 24E itklustrates an

al ternative enbodi nent in which a connector 632, for exanple an aortic
connect or trapgf HseSshaws bhBkRBEinp A0S iwith 830nmkton 7R PpkiBR@Ut A ¥ A9 Portion
634 is outside the thickeni ng7. B%gfr oger %Ot%%p%'sqge of nmold 622, there can be
a porti omobew 7k suree Bt 4 F P/ BIL HT B 62T 0uTs| de t he t hi ckeni ng 630,

al | owi ng an i Bl BB Aok kb BRerGEvTRE] 1@0.to Bas sietioj in e suedtiesal ¥ &% ery

620 and mai ntaihi ng thickening 630 is th ansft i. xj nfiqanvegd 25
spi ke 6381ot;fiscpgmh@8tﬂbtf~ 4390, 4 Otaqqdélsilé%é’f’g\?géé’ ggdltgr(mhrght%ho n?%e i nventi on,

?nglt O%ﬁl & e 5 r%#vggné%?fot,eg_tﬁbes b Gy enoG G presdnd glootl leadeagratheoughitek 8Hi ngs

and inserting one or nore i kes _or . ( r
t hr ough tAlentdniveliyen additionaly,ifed Kt a5eA MK éo@ﬂ%sﬁich’é e@%“%%% @aFeN@EQ%aﬁ%%}—}E
CONNECTOR 30Q..Once t raft | £d o Anekibie aackin) egthhy nibber. connect or, the
connect or®® g‘&“&‘? ttﬂg?lgaﬁegtmag?eg%{?ached tolt ar

et vessel 422, in
punched hol e. FgneoEtiltestmeadedts beidirs08 orgKetied70% i S‘ml‘tﬂlglass'%ﬁ'umsl{i aﬁ%aota?nermved
fromthe graft . Fi SA IS -t efemsgafiBol d t ool 400
when a cdmRA qupsgﬁa@ng ?%&Wﬁm A lopBRpiiRg et

er and connector holder 640 js insgrted
thereiq, showimg 29ral § cfifirosgtheesanf thahiydle ayee offgstem 350, FHOEEE B I5G6F L owi ng
a connector. Fig. 25B is erspective vi | Ohnd 89402, HitledR e is

pr ef er abl fpr retatRg E@QOQSV\RfatP )%ﬁ%%“ %ﬁr?q?er?%lgg\gl If';){é/re(!’r:t1 642, whi ch e:)b;qef %gglbl y

hol ds a cQUEEGkANy(N&ler $1PNM)pairrof slidess BAr Wacwsliers 4R WA @09 HEY whi ch

assists in i1nserting the device. into_t.he.ag C 0210t ABE rerh@od Rlngéems el )
and pr ot ewtrectbpideniorapd gragagpne 5p: G 4PET B Tllg]ki%tpgrgn'?alt@if/}gl §/e or additionally,

| ayer 644f0§?,§mi§§ﬁ<@g DSacl e 769 foAinghie thonfdegbload vasselamnce the tarpetibdacd VRl Byer t ed
a

part of gr 1 1s preferably between.layer 644 i QBvichoyeper, it
may aliso bezapet welyrmigazies %O%Qm%%‘ﬁd it Jofraciioqy, &y TRdpS” lﬁ‘?gﬁe%eggﬁté Phel udes

prot r usi O?rﬁeecfa?nd%gasgg? &Q%g&%&@&h@iﬁ; kyvideveiepikeg on it (Fig. 7). For

exanpl e, I'ne the " spi kes of Fig. 7 c be | oca i 650 of
the |ayer, whikeetsqesegiogpf bindien 202 goiBRtso s 107 il%regrﬁ&%&r %’gi s BeRb R, ayer .

A ring of protrUsio 1 0 RL EUERLeTRd Mowily thdgat arbretooved. A si i | ar

confi guraf p&‘ﬁﬁ“eﬁ%ygélgﬁ?o ﬁol d % two part device, such as described in

Fig. 2. | pBEUQURACRSTOMOSIS CONNEGYORcl ude notches at its tips to allow
20 Figs. 30A-30D, which correspond to Figs. 1A-1D illustrate an anastomosis connector

in accordance with a preferred embodiment of the

1D, except that they are all

800 adapted for oblique connections,
invention. the element numbers correspond to those of figs. 1A-

200" numbers rather than "100" numbers. Using an oblique comnector allows connections

geometries which can be more useful than a perpendicular geometry, for example to

95  accommodate the angle of arrival of a graft, to accommodate nearby structures and/or for

better blood flow. The connection may be oblique with respect to the axis of the target vessel

or its transaxial direction. Exemplary oblique angles include, between 10° and 30°, more

preferably between 30° and 70° and in an exemplary embodiment, about 45°,
Fig. 31A, which corresponds to Fig. 2F shows connector 800 during deployment. Fig.

30 31B, which corresponds to Fig. 2D, shows 2 completed oblique anastomosis.

Figs. 32A and 32B, which correspond to Figs. 3A and 3B show a layout view of
connector 800 of Figs 30A-30D. In both Figs 32 and Figs. 3, the actual device may be shorter

than the device shown, for example having only five spikes.
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the bent spikes to be bent inwards. A knife blade 654 is1pt e abty
provided to rip apart |ayer 644, as described belowin nore detail. 15 In
operation, either tip 408 is retracted or |layers 642 and 644 advanced, so
that the target vessel is in contact with an area 652 on the outside of

| ayer 644. Layer 644 is retracted, such that the forward: spikes of the
connector can bend. Scaffold 400 (or l|ayer 642) is then preferably - ..
retracted so th@loubhg BRMIySIhKASRNERYE shawgeaivalgpseiried 22 othergsomshisnn) . 20

Fig. 26 shows the situation after tip 408.is retracted, show ng spikes 124
that engage providedin otperpseferrefoembodimenise MedTYeRU™ o of | ayer 644 rel eases

the radial co N j beck osRidesm&t diffieult clenneettng, a adgubnigrad. t hen
to bend out o;‘@Jae?tg% 5&38&?{%}9? 25A andgcl ose on vessel .422. Atil teQi Sed poi nt
al so | ayeGefddlycane Hide pEthe gratbdt theotidenangliertd SRoFRFLFLCT Boply BN EFer t ed
enbodi pent . of .t he i tiQn, L al e RRBRA of the various |ayers
and tubes¥) e?}PgT\ﬁﬁd%\%l}%@yaltg@r%cﬁgrﬁénﬁ i_r?. t ﬁgghandl e of the tool, prfégrierabl y
operated by a Figi.mslAe acbAsBallpstatec A vasationol S FversioRDieREesTiE SBRNECTOR ON
THE DELI VI YSTEM .The. conn e darRBt Weah silayems gft2 Aand
644, for E&g B‘f‘%ﬁvc?)g%og?rhaggﬁggstlﬁy?gﬁaggd graft oﬁﬁé{f?a%;er 642 and, t hen
bendi ng bagdwnt IAEFiDasIB, Spidicss 840 witiclt istrvewdadatn Hokd cQmeepe0UnPraeriiy 8150 644,
The bendi ng back_ mmay be, .for examplg,Using. LEERS I PhardBk BARS51,AsEE cat ed
tool . Alt&edaip$ay yivgrd %H&%RrBﬁ%ﬁ'%y@Zt%etﬂagg%%gltoor ] s?o%ool ed, for ex%rrpl e
USi NG 1hi Auyflor M tiéBERBes ERoritRatabbte. Dextaniy, pbinaisnes4236 bend o ofshapgofys

Al ternatively, the connector rrg%/ b§4 unt eﬂdi n the follow ng manner. (a)
The conneexasiple bycqnpectordf ybgn BRIderB4P S T ed on a mandrel: (b) A notched

over tUbeSE?;Eteﬁ@E'ﬂ@iN@‘(ﬁﬁNNE@mdr el, so that the notch engages one of

t he back sp s of the connector. 5 (c) The notched tu |
causi ng t he enBizgedtAsHfdlustiataiesefyerre JoBet e THE m%@%drgﬁ%@gﬁgggmgl he

mandrel, | Qo&eﬁdi{?{@%'} éeeéﬂwﬁﬁ( § ?f'e%ted cRBS st L HRrinvend)n. Fig 340 chowsone

repeated for a e spi : Layer 644 is brqught er.the | and
thg notsc haeprhanbef connectorl)‘ 850, including abgdy section 858, a 38< s%rﬂ(e S EL rorwata L-?H@edés%

and a manipulation tab 838.
As shown in Fig. 34B, connector 850 is inserted into a vessel 422 and is mounted on a

graft 551, such that forward spikes 856 are rotated into the graft lumen. This unnatural (in a

super-elastic, elastic or shape-memory connector) position is preferably maintained by a tab

20  holder 862 that presses against tabs 858. Alternatively, plastic deformation methods are used.

Spikes 854 are preferably curved in to assist insertion into vessel 422, however this is not
required. An over tube 860 is preferably provided outside of holder 862.

In Fig. 34C, over tube 860 is preferably advanced, to push vessel 422 away from the

device and allow space for the eversion. The eversion may also be performed deeper into

25  vessel 422 if space allows.
In Fig. 34D, holder 862 is retracted, releasing tabs 858 and allowing spikes 856 to twist

back to their relaxed position, thereby everting graft 551.
In Fig. 34E, over tube 360 is retracted, allowing vessel 422 to contact connector 850.
Retraction of device 850 transfixes vessel 422 using spikes 856. Then, over tube 860 is
30 retracted further, freeing spikes 864 to engage vessel 422 from the other side. As shown in the
Fig., retraction of over tube 860 may be impeded by spikes 854. In one embodiment, 2 small
amount of space is provided between over tube 860 and holder 862 to allow for spike 854.
Alternatively, axial slots may be defined in over tube 860, allowing spikes 854 to be released

by axially rotating over tube 860 relative to connector 850.
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(f) The connector and mandrel are pulled through a notchedjcgie. opine
notches are 10 aligned so that the forward spi kes are not affectéd by the
cone. The body of the connector, on the other hand, is conpressed by the
cone, so that it fits inside outer |layer 644, which is advanced to cover

t he body of the connector. (g) The mandrel is renoved and replaced with

| ayer 642. Alternatively, the mandrel is |ayer 642. 15 REMOVI NG THE- TOOLS
Wien tip 408 ppdsiimueks Bédnplerd aeiktoantied, they are preferably slit by krAfe
654 of | ayer 42. Thus, they can be renoved by retraction w thout danagi ng
graft S5PERIPHERM:KIE|y the layers may be pre-split and renoved using a

peg or cone wpjc Hessﬂ+ﬁc]gnsoﬂ a8 BOR POcHdares laay @evibebdhave Aletrh duggtedkespiceilgsg s

shown sonmewhat dista romthe end of the devic it can I 20 Fig.
27 shows tawrrgs doagnary s NEORSANET HOWGYS By RAST FPHASHTES fY %FRQ?%@%?E%}#? kni fe

054 and _ BLOLYHEbANS oRAGs ub ilad 2k hiinfubs Wbddhibhangle exiremitind, RUDESDOD and
, Showng

a peg-or a cone 656 whic splits apart | 2 | ayer
642 is rebrfant adastekfinoiabhyrags on ¢ihes bYRASFRATL V%SS%‘RE*HHPWE%E’F“%%‘h\Qgg‘gmmy be
closer tq the lipn of AP ork tcaTBY r2Rlif1ER aibihe ottiet tocpimist i on,
when 25q¥‘é’duT$ee§?°"?xE§‘§wﬁé’%%ﬁl TT1 NG METHOD. Fi g5, 29A-29F illustrate an
al t er nat iPreigbIyReEbLImatkly onespike pySnBPETDEehiPrIYiednT Bt 38 5 4l a
distal end 711, in accordance with a preferred enbodi nent of the invention.
System PGt BFSHSREI udes a body 701 and a handle 702. 30 Fig. 29Bis a
cut - t fiy ough Vinewashepplicgions, akids proeiddd Hcludingongrel (Rsefermblyd ke comiegiid™a
splitting pin 708 attached to a rod,707, Tthk SorifehiAed®E@ghnapi n 708
splits apagmopped opghe gzl ¢t joge ioﬁ%(?gln?nélcszt(wsvﬁ@n{ %&%%exaf%l e hol der 706 and
magazi ne O%Qﬁn%g%rt fifdp Egzeb ¥haws a peftirtd matibdl pf mauntineraennertpridis PB 2EAf be
used. 37 0 SEP 2003 Fig. 29C_sho onl zi.ne 1.4 0. gt or 709
poki ng ou72ate prevdde g g5adys0 “WP%’\RPH?%SMW(# g‘%%%falb{%lgl%% o?ﬁlglf)ttggm%% to operate
are shown,ag #erhne %:rhﬁ,- for SRnONE NG NtsaN i fictipe o784 inserdagl theolegiea pteree hol e

in the target vessel after the hole is punched in it Again,. {c8%c and a
slit tor gelyis@eplasdBeafephly. At sl ke Fralf Queripgys B ‘boﬁigtf?cégr}é%%ﬁg ngages

over -t “b%oﬁﬁﬂvé{‘%@gﬁl&ﬂ%&{a £ wlBVie Rill e O@dcHea AT RE eeryamduztihe lgeafistapy |
y or a It1 ona

Al ternative |y, the slit area may conprise clo i n
mat er i al . optlohalynizt memifactured toynot cause coagulation 1f it 1sym contact with E?oo&. 153 hadei ng

distal portions may be manufactured to enhance coagnlation. Although an end-connector is
shown, a similar embedding may be performed for a side-type connector.

20 US patents 5,641,373, 5,843,173, 5,415,619, 4,883,453, 4,552,707, 4,096,227,
5,861,033, 5,628,786, 4,957,669, 4,909,979 and 3,945,052, the disclosures of which are
incorporated herein by reference, describe grafts and methods of manufacturing them that may
be used in some preferred embodiments of the invention.

" In an exemplary embodiment, a kit for performing a bypass procedure includes a graft

25  and a guide wire or other guide for guiding the graft between the anastomosis locations.

Fig. 36 illustrates an exemplary femoral-popliteal bypass procedure, in accordance with
a preferred embodiment of the invention. A bypass using graft 870 is to be performed between
a point 886 on a superficial femoral artery 876 and a point 888 on a popliteal artery 878.
Preferably, keyhole openings 882 and 834 are made over points 886 and 888. Device 874 on

30 one end of graft 870 is attached at point 836, for example as described above. Then a guide
wire 880 is used to pull graft 870 through the body to the area of keyhole 884. In a preferred
embodiment of the invention, guide wire 880 is rigid or includes a rigid guide member to more

eésily navigate between the two keyholes. Guide wire 880 is preferably attached to graft 880
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or additionally, the slit area nay be coated with a flexipljeSimtapgal , such
as rubber. Fig. 29E illustrates device holder 706 and device 709,
illustrating a slit and a slot in holder 706 and illustrating an
protrusi on based connector engaging elenment 718. 10 Fig. 29F is a

cut -t hrough view of the handle area of system 100, show ng a nechanism for
retracting portions of the system by squeezing a pair_ of handles 702: -The
squeezi N@sing a shifn &M dlRthatiye @nboslicemt, Tstanagomopaind mavigghiordesecer 12 Wipen

sliders 717 are retracted enough, th r and nmagazi ne
705, vi aPaInfFdd Permgﬁ?ﬁ%ﬁﬁ?ﬁlc&’ ﬁ%ﬁ%‘f)ﬁ%&ﬁ#@%{%ﬁ Jé? ildg.% ﬂcl:e;%g%)g the forward
spi kes of deviiGBoldBe apprecigadthat the abave gethdd] sontidavessein beilepted fE Upaiiget

bl ood vessel is 15 engaged, onl azi.ne 705 ¢ i S, Jat ty,on. As
magazi ne RS kinss o4 SPREETYy g‘(ﬂ e&‘%ml?% §g&§°"% g@ﬁ"ﬁ%&%%@ég&sﬁdh EIE Sﬁr’éﬂf 1\1;essel
usi ng si t S ARG @ SRidk@s As hikepusaios of ibhgdofesteanatidegrafiO thay datrienfgersd r od
707 is retracted and causes holder 706 t ) Iiht, thereby splitting the
outer | ayempleteixfingide Biibagy.toreXgPBlE CVEEn Heh s i ¥E ANASTOVOSI S

CONNECTCR 20 Fi g8t b3 0raRied i 0B 66V @5@RE ricthdds @S vadodled Buridry ustyr it e an
anastonosi s connector © 800 adapted for aoblique cqnnections, in GOk dance
h eﬁdﬁ%egrusls ©

with a prefietinguanyvsys ineldingfchanging the,rasaf Steps PFECINIPR TP
correspo o, those, . | 9s. ; ttotabgY can@ctitink, thé 86 ohunber s
qg%qufoﬁx% \ﬁfﬁlﬁ% 8{1%1%,&2%%&P0f EXERPthd Hatio c@inRcet & )

rather th an oblique connector allows connedcjti ons
geoneta | espwhrisile cagnarastompsis thseracti matpriphs sed or7Bh AAEGIAPC GEBAREETE O Por

exanpl e tq .25 acgammmdat.e .t he ] [i 08 Ber@lf 3fak of bR cAC-EPHADdat e
near by st"ﬁﬂél ﬂ?ﬁglﬁﬁdf’%? fids amﬁg Cgrv %Flg{‘))d (b)\}v The connect i on may, be

obl i que Winhdlorhi6Sd BaithdrOn tiemeaskirscab Embdrbmends, dhast locasion ef varigps plements BASES al
direction. Exenplary obli.que angl i 1 : 19 (B
preferablvlﬁﬁﬁgﬁoéﬁxﬁﬁéggg}eéﬁ Oﬁklea&ﬁs(ég’g%g ﬁogry g%%‘gl?cne t,&gy&)ut 45. Fig.
I?é 1A, vxglocd%ltlt%@rea _ ﬁﬁﬁ@lﬁolte.@uﬁhgmc% @ﬁc&?ﬂ&wﬁ&h@ﬁb orovBRCelemanisigr %F@EJIB‘%% nt.
1g. , Ich corresponds to Fi.g. sho . |

anast birostlgnents plere 3akivg HH’%?Q B re%ﬁrie@‘tﬁ 38%&%% B %‘ﬁ%@“ﬁ%@ﬁ%ﬁ%ﬁﬁd Sﬁﬁgﬂghow a
|t ﬁyout t Vi g\ Qod aﬁﬁ@?%@%i@és hﬁ@@?&ﬁ dEétcﬁsw?ﬁh&gﬂ)bg approosted ﬁag@ffazmafn@t{ufﬁ ﬁs' 3,

e actual device may be shorter an .t he devi shown e_havi ng
only fivemepbkeombard AntdifueH wygeePafTWAT H%tu?lgﬁhecge tr‘nlé'c’icstSf(})lrgg'rf1 ?Sg%'(;vma oval
geonetrie art?JujaQteHﬁEdigrﬁeﬁf@E hb&SsanyinCeviry Qithitke Grd ferrel distodpnicet of thednwentiadi nent s
of the invention. Everting an oblique graft is ggesnegal l}\[(. gﬁ)re dlc]:ffs‘l:)rﬁwt
than ever Firtigr, sombigaticns ofthafebove fegtwes 4F PO Confideld iR PO IR LF AT Al t he
wi der _angl e of .th il r idnY s@N& bt @, featbrenaf e inbentign af t
porti 5& a?re{eﬁrgd At ?gg%%gﬁgﬂtfe,e fﬂgéfftggsﬁlegg?l(;;ygver ted.

described herein may be adapted for use with prior art devices, in accordance with other

preferred embodiments of the invention. The particular geometric forms used to illustrate the

invention should not be considered limiting the invention in its broadest aspect to only those

forms, for example, where a circular lumen is shown, in other embodiments an oval lumen
25 may be used.

Also within the scope of the invention are surgical Kits which include sets of medical
devices suitable for making a single or a small number of anastomosis connections. Section
headers are provided only to assist in navigating the application and should not be construed as
necessarily limiting the contents described in a certain section, to that section. Measurements

30 are provided to serve only as exemplary measurements for particular cases, the exact
measurements applied will vary depending on the application. When used in the following
claims, the terms "comprises”, "comprising”, "includes”, "including" or the like means

"including but not limited to".
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Figs. 33A and 33B illustrate a variation in the eversion HOvPERS2M8 assi st
inthis difficulty. A device 800 on a graft 551 has a tip 839 at the
narrow angle side of the graft. As shown in Fig. 33B, a holder 840 which
is provided to hold connector 800, preferably also bends tip 839 inward
using a protrusion 842, so that it can nore easily transfix graft~551,
using to any of the technlques descri bed above. Preferably, protrusien 842
i s bend out oft willageappfediated ryanpéreorbgkiltdninelnt ent 8O Greviressnhiolepdion g9t s

retracted. SELF EVERTI NG ECTOR 4F || verting
connect ofimi5e bynihas Has tHs Jar eeBéBF 5@ ‘g}aﬂ%}) o a8 onAnﬁgg% g?és&}t ?@gdé%r i(ﬁance

wth a pm@ﬁgagﬁgfgqggguapmgcg&nihe i nvention. Flg 34A shows one 15
segment of connécfor 850, 1ncluding a body section 858, a back spi ke 854, a
forward spi ke 856 and a mani pulation tab 858. As shown in Fig. 34B,
connector 850 is inserted into a vessel 422 and is nmounted on a graft 551
such that forward spikes 856 are rotated into the graft lunen. This
unnatural (in a super-elastic, elastic or shape-nenory connector) position
is preferably maintained by a tab 20 hol der 862 that presses against tabs
858. Alternatively, plastic deformati on nmethods are used. Spikes 854 are
preferably curved in to assist insertion into vessel 422, however this is
not required. An over tube 860 is preferably provided outside of hol der
862. In Fig. 34C, over tube 860 is preferably advanced, to push vessel 422
away fromthe device and allow space for the eversion. The eversion may
al so be perforned deeper into 25 vessel 422 if space allows. In Fig. 34D,
hol der 862 is retracted, rel easing tabs 858 and all owi ng spi kes 856 to
twist back to their relaxed position, thereby everting graft 551. In Fig.
34E, over tube 860 is retracted, allow ng vessel 422 to contact connector
850. Retraction of device 850 transfixes vessel 422 using spi kes 856.
Then, over tube 860 is 30 retracted further, freeing spikes 864 to engage
vessel 422 fromthe other side. As shown in the Fig., retraction of over
tube 860 may be inpeded by spi kes 854. In one enbodinent, a small anount
of space is provided between over tube 860 and hol der 862 to allow for

spi ke 854. Alternatively, axial slots may be defined in over tube 860,

al l owi ng spi kes 854 to be released by axially rotating over tube 860
relative to connector 850. 39 1 0 S E P 2003 Fig. 34F shows a conpleted
anastonosis. PERI PHERAL KIT
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The description of the above procedures and devices have beef 3R egypd
especially towards coronary bypass procedures. However, by pass procedures
- may be perforned in other 5 parts of the body, such as the head, the
brain, the abdonmen or the extremties, for exanple, to perform an
aorto-fenoral bypass or other bypassEitAm¥essel s that provide blood to the
|l ower |inbs. The above descri bed anastonoti c connectors can be nodified
for the other locations. Preferably approximtely one spi ke per nm

peri met e{ is provided. . Thus, a fenoral device may have seven spikes. to In
many appti cat4-oARastangticcoprecterfor errmectingd graft try2 targat xpssel, Poropusing| vy, t he
connectors argthi PR or. both ends (possibly
nore if the graflf&ﬁ%s adgﬁﬁdglgtgfl&?%I%rg%%ggﬁtglﬁ%g%ci?%@anai g. 35 shows a

pref érred nethowharde gpiliatseetipna adaptek od aroufi én GaidacEafsketiod 72 d tompisdyg de a
ready to uséﬁtygrfaft-conb}]n tiqn §70. .Pr ecger abl }Lq( the connector is enbedded
in the RAPHYLRL SRS yrashof spid spikes adanted i rangtix said graf mad pemciratsy sais) target

i nsertingsédne device after the 15 graft is conpleted. Preferably, at |east
part of the graft overlaying the connector is adapted to bond well to a

bl ood vessel to which it will be attached. The very end of the graft may
optionaldy be nuf actured..to not, cause coagulatigon if it is in_contact
otn b gy, TSt i Grube 7 Helh T et e Al tetet (pe dorlng rlemens o
coagul atineflockhd BOd gfike FecBBA AR B81RK stionShOWn, a similar enbeddi ng nmay
be perfornmed for a side-type connector. 20 US patents 5,641, 373, 5,843,173,
5,415, 619, 4,883,453, 4,552,707, 4,096,227, 5,861,033, 5,628, 786,

4,957, 669, 4, 94 t he di.scl.asures of which _are )
i ncor po?jgt ed %rggj?%c?cg%[& ?%’%%nrge%’c%,gi%bgs éﬁebeé“ j?lgf nglgﬁﬁth%“ﬁdﬂ@rBFd on said
manuf actastlemgprtiiem t hat may be used in sone preferred enbodi nents of the

invention. In an exenplary enbodinent, a kit for performng a bypass
procedure includes a graft 25 and a guide wire or other guide for guiding

the @rafd betyeghel I3 L.ons..FELg. 36 illustrates an
exenpl ary fenoral -ep%g ??C{Bgcgflg %%%@%5’8‘?%%%’%3?@ ,lo?lﬁn%%gwgafﬂ%tgs Wluﬁﬁu aperture
pr ef er r edfisebldsaidspiikofectie | nventi on. A bypass using graft 870 is to be
performed between a point 886 on a superficial fenoral artery 876 and a

point 888 on a popliteal artery 878. Preferably, keyhol e openings 882 and
884 are gmde P¥EinPR: : 1C 4 e .end of agraft 870
= '.r@E&)r&fﬁg 133ty 8B Bty 4 é%vh%?e%% geﬁg g%i}(gn% ﬁlﬁlgﬁntapragllda%a

is attached at point 886, r exanpl e as SCri

Wi re 880piisz-adan, vdiguhdtiogr mbistsGERtive noniph 4 teessent & lehe parest @id kgxbol e
884.2 In a &ref r fd errbi_diiligené of the invention, quide wire 880 is rigid
or ifcl JEELTLY iaE; CRSTPATIPL SHE FBEFT SEEfGRe Pith adgrce dependontym the paepetmotine. t wo
keyholes. Guide wire 880 is preferably attached to graft 880 40 1 0 SEP

2003 .
A connector according to any of claims 1-3, whercin said spike section comprises a

super-clastic material.

25 7. A connector according to any of claims 1-6, wherein said spikes are pre-bent in a hook

shape, such that said hook shape is adapted to engage the target vessel.

8. A cornector according to any of claims 1-7, wherein said collar element comprises a
plurality of flange elements proximal to said target vessel.
30

9, A comnector according to claim 8, wherein said flange elements define apertures for

said spike elements to pass through.
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L S L 40 arp
using a suture. In an alternative enbodi ment, the anastormsﬁg And 2003

navi gati on between the two points is perfornmed endoscopiely, or

* transvascularly (at least providing the graft). It should be appreciated

t hat the above nethod sand device scan be adapted for use in many kinds of
surgery, 100r AxaRtRo @@{,{%0' n e n rgery. In
5 particular it is nof%g thattofﬁgﬂngh?}é%gﬁ%ﬁ ffggﬁ%?ﬂgogﬁl@ggcgg esm;ﬁﬁsq(ﬁ”éfts
may be peiergigiatheitsmmaterevidei ensigtefor hee bixdyd spfiles tekabpiugheMekbigfy a LI MA

t hrough a keyhole. It will be appreciated that the above described nethods
of vascul ar surgery may be varied in many ways, including, changing the

or der Of 15 epa, conhiecly obREnA e aPbf eRiRY 11108 Wlferoih ia0OfHey AN HLec
out si de, the order of making the anastonpsis connections, the order 8t 210
stepd i nSiigdrieal ¥alugeast onosi s, the exact materials used for the
anastornotic connectors and/or which vessel is a "side" side and which
vessel (or graft) is an "end" side of an end-to-side anastonosis. Further,
in the nirhankcahneetedidrdingso ahef tREA 190 Whedl VS

swi tched, wi thout exceedi nggt he )Epri t of the di s%ll osurél,% 5‘%?9%3%5%5’?%

SWi t chi ri"ﬁﬂflﬁé’eﬁfﬁ?ihic“]ﬁb@aﬁwﬂslﬁutti ng edge in the hol e-punching devi ces and
switching the noving elenents for non-noving 15 el enents where rel ative
notion is required. In addition, a nultiplicity of various features, both
of it hok®. andA ebmubetdr aesortiay ¢o ReEof clety Ms@pwhér&in%amdmapeecﬁeﬂt;segdagﬁea%t hat
differe featyures may be conbined in different ways. In particular, not
all the EEFEPE AEHRHOREHe in a particul ar enbodi nent are necessary in
every simlar preferred enbodi nent of the invention. Further, conbinations
of the above features are also considered to be within the scope of sone 20
pr ef er r el enbmlammstonticfeontretdrfoentiertinglapratati taigd vesseNBobrisifie f eatures
of the inventig)n descri.bed, %ﬁi_n may be adapted for use with prior art
devi ces, in Acior (A SReeaiRa s r preferred enbodi ments of the invention.
The arti cul aplaQaRE s Iﬁngﬁ,ﬁﬂg { r . -] QM oul d not
be consi dered Ifi m ?ﬁlébitkﬁiﬂ{rnventi ongﬁ%%;ﬁgregg%gﬁg%%{ﬁg%e?Q%%&oﬁ?&; t hose
forms, for edlmsbeonewhrngclament atacbed townieast mesiionid spikes,aviiel speirpatine@int s
an oval cloﬁﬁgg'a 205 By bqe used, ., I@g Wiahi the s g@g of the invention are
sur gi cal 3 PWRTRR PR IS S S Sipke 70 iseld) basy apd allows Jrtilientanetign phRaidg a
si ngl e apika atofdldn MisdrehidMasanast onosi s connections. Section headers are
provided only to assist in navigating the application and should not be
construed as necessarily limting the contents described in a certain

sectpon,sto t i leg enent s .30 .are, provi ded to, serve onl S
exenpl ary rre£ gé%%g%%sa 8‘?059 grgt&lﬁ% QLIL %1395%13,331[%%’%%?5?83 Saﬁjegisﬁrf@%ﬁténg%
appl i ed eldnkdnt.vary depending on the application. \Wen used in the follow ng

clainms, the ternms "conprises", "conprising”, "includes", "including" or the
i ke means "including but not limted to".

16. A connector according to claim 14, whetein said spikes and said base form two

Scparate elements.

25
17. A connector a¢cording to any of claims 14~16, wherein said spring comprises a flat coil
spring.
18. A connector according to any of claims 14-16, wherein said spring comyprises a leaf
30  spring.

19. A comnector according to any of claims [4-18, wherein said at least one spring
comprises at Icast two springs in series.



41 1 0 SEP 2003 It will be appreciated by a person skil kddSER P88 art that -
the present invention is not Ilimted by what has thus far been descri bed.

" Rather, the scope of the present inventionis Ilimted only by the
following clains. 42 10 SEP 2003 CLAIMS 1. An anastonotic connector for
connecting a graft to a target vessel, conprising- a thin collar section,
adapted to engage a portion of the graft; and s a separate spi ke section,
adaEt ed & no ! ﬂ@#é@‘aicqildmgtgrﬂns egt:liaims amd9,?\91ﬁa@éih,$%daﬂ o@fsai@ lslbi[é@d hadsYat Bast

spi kes, c ai.d spi adapted to transfix said graft and penetrate
sai d targ%?mdgégggﬁamfewﬁgéﬁﬁﬁ%ctor according to claim1, conprising at

| east one |l ocking elenent for 10 interlocking said spike section and said
collar section. 3. A connector according to claim2, wherein said | ocking
el emeht #5 f ofifegnesioragrerdingsd hay ofdariniso-20, whéreids:dd BAERF At kRt Gor O
claim 3, ,uherel 4. Locking el enent mates with an aperture defined by
said spiﬁe seg%g%ﬁahgwﬁﬂP%%ﬁﬁﬁ or according to any of clains 2-4, wherein
said | ocking el ement provides a spring-action, which action resists
relative tion axi al between at |east part of said spike 20 section and at
| east paft of ALEPREcien acgprdingcto; any, of\alaits d 452 cemgsigieg defeastosnet te aiaBREdOf
notion. § gﬁg@ Heor gl 0 an f clains 1-5, wherein said spike
section ?g%§?§ es gfﬂé% gggéggs N%gﬁﬁFgg? . 25 7. A connector according to
any of clainms 1-6, wherein said spikes are pre-bent in a hook shape, such
t hat sai hoqé shage is adapted to engage the target vessel. 8. A connector
accor di Myt o ‘arfPTBFCtR agoniding o clafiar &, wheasia sel tabr iseldeptedtfor ortpictisg said
pluralitepef flange elements proximal to said target vessel. 30 9. A
connector according to claim8, wherein said flange el enents define
apertures for said spike elements to pass through. 45 1u vC 2003

24. A connector according to claim 22, wherein said tab is adapted for advancing said
15  spike.

25.  Apparatus for delivering a graft to an anastornosis, comprising:
at least two tube-like coaxial elements, each defining an aperture adapted for inserting
said praft such that the graft exits throngh a first end of said mbe-like elements;
20 at least one separator element mounted on at least one of said tube-like elements for
splitting the other of said tube like elements, 5o the graft can be removed through a resulting
slot, which slot spans said first end and said aperture.

26.  Apparatus according to claim 25, wherein said at least one separator comprises a knife
25 which cuts said slot.

27.  Apparatus according to claim 25 or claim 26, wherein said at least one separator

comprises a spreader which widens an existing slit in said tube to form said slot.

30 28.  Apparatus according to any of claims 25-27. comprising an outer tube which prevents
said tube from splitting unless it is sufficiently retracted.
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10, A connector according to claim9, wherein said flange leledeht203 ncl ude
at least one opening in their perineter, w de enough for one of said

- spikes to be brought in through. 1 1 . A connector according to any of
clainms 1-10, wherein said collar section defines a 5 cylindrical volune.

12. A copgect apnA8Ge AL ideOtd - &lalmx 1. 11, wher ei aj.d col | ar
section éd%P %ﬁ%ed to forn% A g’é’r%ﬁ’ |@SI@;Sr%‘Zing}él%rg%glgT}“ﬁ?}ilg%.eféﬁ‘e&?nﬁ@ctor
accor di ng PEFARFUT A igstamiofic dsvict Retwepmthsai.d col | ar section is adapted to
forman oblique anastonobsis. 14. An anastonotic connector for connecting a
graft to target. vessel,. conprising: a base for engaging said graft; 15 a
plural i ti*/&of 8?‘?2%%“3 ‘i’%‘fﬂ%‘l}’ﬁ'ﬁﬁ 3@1% H@l‘?@{ tpolyframtanngloserhergftrepmpnisingt ar get
vessed ; and adplit@astaRREIdLRSI Pfofh 8 TRAL t El[f:g“ a;_. |l east one of said
spi kes, whi chps ring ¢l elirirllgnt ’ cgupl g?lauséﬂ(%haﬁ%c |8ﬁ8ﬁ§§%? aélgi d spi ke and
sai d base and® oivH’sRvg"‘a’rde% Hepveigd 8ot of said spike along an axis of said
base. 20 15. A connector according to claim 14, wherein said spikes and
said basg forgm a_single .el nt.,16.. A.connector according to claim 14,
wherein S d S Segrding & ool 3¢ Sitisreingud slosdpmias elesash pamprisss wknita
connect othatsplitsrsdidtgol o any of clains 14-16, wherein said spring conprises a
flatycoil spring. 18. A connector according to any of clains 14-16,
wherein said spring conprises a leaf 30 spring. 19. A connector according
to any of?cl afniethad gconding & moy aofdclaimy 88X, ovleersipr $aid) slatdoming edemint

| east 1 véngRistdWepredies Mat Rflenddn dxibkingln 20034 /1, A connector according to
any of clains 14-19, wherein, each of said spikes has at |east one

i ndependent associated spring. 5 21. A connector according to any of clains
14-20, viter ei A nshodl acoordigttoany 6f feins WBEompfisinpe’ f or m ng an obl i que

anast.onosi s. ctor ;according to..any. of Clainms 1421, conprising at
Ieazlis one tablgézécst@gi%g{%%mﬁﬂ%%g eenglﬁgef?éa’&fgr id spikes, for noving said
spi ke ‘
34. A method according to claim 33, wherein said refracting urges said tube against a slot
forming element.

20 35. A method according to any of claims 30-34, comprising moving said slot-forming
element relative to said tool, to form said slot,

36.  Ananastomosis connector comprising:
a ring shaped base having an axis;

25 at least one plurality of spikes on one side of said ring wherein said spikes are adapted
to not penetrate a grait on which said connector is mounted prior to being attached to a target
vessel; and

at least one transaxial thickening in at least one of said spikes, distanced from said ring.

30 37. A connector according to claim 36, comprising a second plurality of spikes pointing in
an opposite direction from said first set of spikes.

38. A connector according to claim 36, wherein said thickening comprises a point where
said spike splits into tines.

35
39. A connector according to claim 38, wherein said tines are shorter than a thickness of a
target blood vessel for which the connector is designed.
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10 23. A connector accor di ng to claim22, wherein said tah ] $tedapied for
retracting said spike. 24. A connector accordl ng to claim?22, V\/nerel n said
- tab is adapted for advancing said 15 spike. 25. Apparatus for deliveri ng a
graft to an anastotnosis, conprising: at least two tube-like coaxi al

el enent s4p,each d@,gﬁédmmcaﬂl iy & @ t ch
t hat theﬂj%gaft exrti az'ﬁagur%og first %ﬁ%ﬁjﬁ %%éntaa% ﬁ%gasz?jg%@%ﬁgt&fgu

| east onWLEeE R0 BRPILT RIESTHSE ISR BXFaY) o peidrise gmce deployedbo. | | ke
elements for splitting the other of said tube |like elenents, so the. graft
can be r rmved th ocggpc resulting, slot, which slot spans said first end

and sai d*aperfpett %ﬁ&ﬁ“ﬁt@é r3leatingl AR gestometis eare8ctonhavieng p thiskehing,

| easts on&mgﬁ. &l t or conprises a knife 25 which cuts said slot. 27.
Apparatus daccording to claim25 or claim 26, wherein said at |east one

separat or  cowptaisies said spneaderbethécvid BBAS said tﬁﬁékéhh%weﬁlglcbnéﬁﬁcﬂ' feorh ube
to formsai,d s] ot 28. Apparatus according to an clainms 25-27

conpr i S|W1£Ptﬁﬁtb€@t?%wwsmn&?§ﬁﬁ§°ﬂ gidpest papel i‘raFd)"fhﬂi’Ssplandtl ng unl ess it

is sufficient LT AC 3 rat us accordin o] any
of clains 25-27. &%e?‘e%rﬁggtaerflg’ u(g éﬁé&g’l él?rﬁ?aﬁn frat 2 e%%ﬁtﬁf @gf%@sg‘rﬂi
anast orrdI:uCkelnglsomtbmSandbyem aBRastAneptdiagionf detaching a graft deI [ very

t ool o froman enclosed graft, conprising: 5 splitting apart said tool, to
f or m%a slot, using a slot-formng elenent; and renoving said graft through

sai d sl 3 h RAG ng, t i)‘q!gere S I

el enent qu:zonp}?ségfmzsakﬁ? ﬁ]a% é&bla??%bigg% h%? %h&i t‘%%&‘f ag%sgr‘dl ng

to any ofongirgings 30- 31, vvherel n said slot- form ng el ement conprises a

spreader that. widens an existin n said tool. 33. A nethod according
glﬁ‘ﬁtﬂrlrﬂig

to any of cl dPifEiEAnaRasto thedgrastvsshd: at | east one tube that
encl oses sai C%eﬁﬁﬁﬁ*atl@éktoﬁcﬂ?&r&lﬁ%gyﬂ&%@%ﬁﬂ% ) @i m 33, wherein said

retracting urges sald tube agains ormhg el enent.
15 retracting said connector such that said forward spike engages said target vessel; and

. completing said anastomosis.

43. A method according to claim 42, wherein completing said anastomosis comprises
releasing at Jeast one backward spike of said connector to engage said target vessel.

20
44. A method according to claim 42, wherein completing said anastomosis comprises

locking said spike to a part of said connector other than said spike.

45. A method according to claim 42, wherein completing said anastomosis comprises

25  releasing said spike to refract towards to a part of said connector other than said spike.

46. A punch mechanism for punching a hole in a blood vessel, comprising:
a sharp tip adapted for puncturing said blood vessel;
a shaft having said tip at one end thereof;
30 a first widening element distal to said tip ; and
a second widening element distal to said first widening element, said first and second
widening elements defining a narrowing between them, which narrowing is adapted to contain
a punctured blood vessel wall; and
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20 35. A nethod according to any of clains 30-34, conprisiid &V pgogsaid
slot-formng elenent relative to said tool, to formsaid slot. 36. An

* anastonobsi s connector conprising- a ring shaped base having an axis; 25 at

| east one plurality of spikes on one side o f said ring wherein said spikes

are adapted 4 aomlingpdeiaétabe courdingflfetrBioWhircRidS Ah KifCNRELER mbiod BY25igd
prior to pbeing attached to a target vessel; and ‘at | east one transaxi al

t hi ckeni Yiferingstenents; wwhisherelstive aiogion ji used to efintmetrseislhatmowningsai d ri ng. 30 37.
A connector according to claim 36, conprising a second plurality of spikes
pointing in an opposite direction fromsaid first set of spikes. 38. A

connect o#7.accArinnly rherhahish ac3brding & 6laiin 18] ShbRit kAR HOrEARR hdCHid fRQl Nt
wher e said% ,spitge plits into tines. 35 39. A connector according to claim
38, wher ¥j9az; therepy gullige said disstivadenipg plementipwrisle said seoamd videngug elsinoutd
vessel for which the connector is designed. 46 1 0 SEP 2903 40. A connector
according to any of clains 36-39, wherein said at |east one plurality of

3 pi Ikes 348 2 (;tAqmpryﬁlcghﬁniadm pecsding & tlﬁﬂ%ndﬁ\lwl@dfreiﬁvﬁw fi @ S@itell 6 Rip-PAGE

epl oyed. .. A nmetho cont ai ni ng, and_r el easi ng an anastonotic connect or
havi ng oaHRE fsrfﬁt,fﬂct%f? {‘)bﬁ-'ﬁf@?@}%q@? %ecﬁhﬁl%iaml mérezsint epid 6 sbeft brcoppledde maitwo

tubes, sqhfl $udh SR AFBOsPRLI JETNECY r{BH% ' {Lon by af .l east, one
protrusion defined on Sat +lglgl}csr"teﬁloneh(;%:‘f@@gliit%3 u e@d%%%gﬁfaﬁsﬁ%ﬂter
one Wf smafracts ibes, such that the connector deforns and the thickening is

not constrained by said at |east one protrusion. 10 42. A nethod of
perform ng an anastonosis between a graft and a target vessel, conprising:

inserti My, an ARaThcIBTEerting ANt mphidgl he target vessel; releasing at
| east one forward spi ke of "sald connector; 15 retracting said connector

such that saiSaspitgvaidizrefibeovasngaduemsbinandrelrapdian\oats abe; antl  conpl eti ng

sai d anastonmosjs.. 43. t hod.according .to claim42, wherein conpleting
said anastont?éﬁs%nggﬁﬁp{lkggeﬁgmﬂ ack over's 1dgra1¥.
15

50. A method according to claim 49, comprising repeating said pushing a plurality of times

to achieve a desired amount of eversion,

51. A method according to claim 49, whersin pushing said end of said graft comprises

26 everting the end over said outer tube.

52. A graft everter, comprising:
a tip adapted for mounting an end of said graft thereon;
a graft stop adapted for stopping an advance of said graft end over said tip; and
25 a plurality of expanding fingers disposed hetween said graft stop and sajd tip, said
fingers having an expanded state in which they have an external diameter larger than said tip

and larger than said graft and an unexpanded state in which the diameter does not suffice to

engage said graft.

30 53. A method of mounting an anastomosis connector having spikes with tips that bend out

of a lumen of said connector, on a graft, comprising:

maintaining said at least some of said spikes in a twisted configuration such that tips of
said spikes bend into the lumen;
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rel easing at | east one backward spi ke of said connector to dnyage <A0H
target vessel. 20 44. A nethod according to claim42, wherein conpleting

- sai d anastonpsis conprises |ocking said spike to a part of said connector
ot her than said spike. 45. A nethod according to claim42, wherein

~conpl eting saiahshixiagtaapsiffocai@tipsasd 25 rel easing said spike to retract
towards to a part, of said connector other than said spike. 46. A punch
mechani sm f orchgugiag thegoahiggrtion of swidiipsdd bendewl | conprising: a sharp tip
adapted for puncturing said blood vessel; a shaft having said tip at one
end thereof; 30 a first widening elenent distal to said tip ; and a second
Wi deni ngSdel endenmettibs tboidings & dlaliir 53, WheRM BBaRigiMeY cos@hiatidn sémpHds
second j deni ng, el enments defining a narrowi ng between them which

narr owi AgerEngderikcs o contain a punctured bl ood vessel wall; and 47 1 0
SEP 2003 a coupling elenent for coupling retraction of said tip with a
relative notion of said w dening elenents, which relative notion is used
to contr¥ct shmtthalrsfevigtingddtersforpoincirafipediistip: accordi ng to cl ai m 46,
wherein said tip refracts intqg said first 5 wdening, thereby pulling said

first wideni YTEIESTESANCBAAF srd sRfdniocciona opmvidepghickening of sadendaapdinch
St | . W ‘ : NTEHaR ' “panch
T oni a1 p skt s thiekd I BE R Bno Bl ot AR BAS SR Calu t

shaf® is coupled to said shaft, such that after sufficient retraction of
sai d tip65haf , said ti ,shaf{.en ages said shaft and 10 retracts it. 49.
A net hot?%of resorgingrte claig 3, Whera: sah grall coRPEYS @ BHBRAHESEen an
internal nmandrel and an outer tube; and pushing an end of said graft back
over said graft. 15 50. A nmethod according to claim49, conprising=,
repeat i iy- saiA mupllyhi avgomling torcdiint §5, ofherdinwaid ttansticihg eveprsed aminsdngaiupt of
eversion, 51. iligletgd according to claim49, wherein pushing said end of
sai d gra??ltax&soﬁ & 20 eventing the end over said outer tube. 52. A graft
everfser, conprising: a tip adapted for nmounting an end of said graft
t her eon;

58. A method according to claim 55, wherein said transfixing comprises transfixing

oblique to an axis of said graft.

59. A method according to claim 55, wherein said transfixing comprises transfixing

20  perpendicular to an axis of said graft.

60. A method according to any of claims 55-59, wherein said form comprises an inner

mandrel,

25 Q1. A method according to any of claims 55-60, wherein said form defines, on said graft, a
flat end surface for said thickening. '

62. A method according to any of claims 55-60, wherein said form defines, on said graft,
an oblique end surface for said thickening.

30
63. A method according 10 any of claims 55-60, wherein said form defines, on said graft, a

non-planar end surface for said thickening.
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a graft stop adapted for stopping an advance of said graft eng ouer gi d~~
tip;, and 25 a plurality of expanding fingers disposed between said %@ ft
stop and said tip, said fingers having an expanded state in which they
have an external dianeter larger than said tip and |larger than said graft

and an uex paAdedhed eftteansfixing b ¢omidotorShATRi R cofpAsing0t suffice to engage
said graft. 30 53., A nef hoq. of m)knfti ng, an anastonosi s connector having
spi kes with tPFENRE goend gt ot cxgtige gl or, on, a graft,
conpri si ng: n@ivah@igdiah JesSRbe dpikk EFSiaid Whnlors BhANSPIKEEd | f Sh&d;
configuratign sug %]_hat, tips,o sai dmspi kes Olg’e%a]llﬁt{gt %%?%@ﬁe%\u%}b&lﬂo
SEP 2003 4HSHNS 3G Tadivs ticgeagedend; avd sai d tips; and changing t he

confisgurati omggﬁm%%k;gagﬂap‘%nggfgﬁ@gp&ggo fordya HooREt hod according to claim 53,
wher ei n changi ng the configuration conprises "rel easing said spikes. 55.

A method of sinulating eversion of a graft, conprising: conpressing an end

of said aft,,hnto a formto provide .a thickening of said end; and
P AR s my e

transfixing sa % “3EPHIEL8t one spi ke of an anastonosis

connector. 1Qx56ast Anéf@hﬂpgz.wi% ?ﬁ%ﬁdﬁ%s‘i@c&dﬁtﬁhﬁﬁouﬂi’@@ of tﬂr.ofnéiéig ,tﬁ’ér f said

conprises a mammary arter met hod according to clai ef €1 n
sai d tr ahaf pd prdd eemnsetorseadapted fefs periphetal bypgss mocadrs and said graft. 15 58.

A method accoy.di to ¢laimh rein _sai.d.transfi xing conprises

tranltsofi Xi ng %g%alg%%ng’%ub ea‘?'{‘r%%?%h%g] s%e&ﬂélﬂéﬁﬁla%ﬂgﬁ- A net hod according to

cl aim55, wherein said transfixing conprises transfixing 20 perpendicul ar
to an axis of said graft. 60. A nethod according to any of clains 55-59,
wher ei n 8aj d 4 Sitdcedsfiseite laim 65; Weesein saishadnatctord Bresambetided tohaill axls of 8aidg t o
any of i s 55-60, wherein said formdefines, on said graft, a flat end
surface For said thickening. 62. A nethod according to any of clains 55-60,
wherein said formdefines, on said graft, an oblique end surface for said

thi cllgenlé;}g " Anoblique hole punch, comprising:
a shaft;
a first non-circular edge oblique to said shafl at a first angle;
a second non-circular edge oblique to said shaft at a second angle; and

means for reducing a gap between said two edges, so as to cut through vascular tissue

20  placed between them.
68. A punch according to claim 67, wherein said two angles are different.

69. A punch according to claim 67, whetein said two angles are the same.
25
70. A penetrating punch for punching holes in a blood vessel during a keyhole procedure,
comprising:
a tip for puncturing said vessel;
a nigid handle, adapted for keyhole surgery and coupled to said tip, for controlling a
30  spatial position of said tip;
two surfaces for receiving the walls of the vessel surounding said puncture; and

means for bring said surfaces together for punching said hole.
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30 63. A nethod according to any of clains 55-60, wherein sdi@ Stdt #2003
defines,..on said graft, a non planar end surface for said thickening. 49 1
0O S E P 2003 64. A nethod of transfixing a connector on a graft,

conprising; increasing a radius of an end of the graft w thout everting

t he graffl, advensihigcadingaaslain¥e, whirkia safd aisdneotinect or, parallel to said
graft, such that it transfixes said radius increased end; and 5 bendi ng at
| east an end of said spike to forma hook. 65. A kit for a bypass
procedurs®, co i .Si.ng. f L. naving: t si s connectors
nount ed 7?)?1 tﬁ%@sﬁﬁ%&§g§?ﬁ§%i@9@%%%ﬁsﬁl§%fggglgﬁgggoﬁgg ‘ors adapted for a
peri pheral bypass procedure; and 10 at | east one guide wire attached to one

end of %i d graft,. 6?_,. A kit according to claim®65, wherein said connectors
are émbedded # AetigdpTbpldregting an gnastpmgsis copnestorycompishE: i que hol e punch,
conpri si ng: f&ﬁ_ﬁé’lgﬁﬁt; oﬁnécitcyrgiﬁto%orﬂéﬁircm ar edge oblique to said shaft at a
first angle; a secondc non-circul'ar édge oblique to said shaft at a second
angl e; and ndedisg fad modditechang tvtly &prwhedswmd haslavalds syikedgfeaid amnegot mtecut

t hrough vascul ar. ti ssue 20 placed between them 68. A punch according to
claim Gfl,es’ﬁ?‘igcr" FHEOR 4 angl es are different. 69 A punch according to
claim 67, WheLglfesiak dai -ARGhRS1AS SR : rati ng punch
for punchi ng hol esa‘ﬁ?‘%g%la\ﬁggg vestsog’ltﬁe uir%letnrg a I%teg%/%gllé%opr ce@ﬁé'e,

Conpifi sing: a tip for puncturing said vessel; a rigid handl e, adapted for
keyhol e surgery and coupled to said tip, for controlling a 30 spati al
position of said tip; tw surfaces for receiving the walls of the vessel
surroundi ng said puncture; and neans for bring said surfaces together for
punchi ng said hole. 50
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1 0 SE P 2003 71. A punch according to claim 70, wherein sai¢[;@gpi?gﬁ
snmooth. 72. A punch according to claim 70, wherein said tip is axially
grooved. 5 73. A nethod of heat-treating an anastonosis connector,
conprising: fitting a cut connector into a nold; fixing said nold to bend
both forwards and backwards spi kes of said connector into a desired
configuration; and heat-treating said fixed connector, thereby training it
to said cABETRACAt i on. 10 51 ABSTRACT VASCULAR SURCGERY An anastonotic
connector for connecting a graft to a target vessel, conprising a thin
collar section (104) adapted to engage a portion of the graft; and a
separate spike section (124) adapted to nount on said collar section, and
conpri si rﬁgﬁgﬁl&@m&’spi kes (126) each of said spikes (126) adapted
to transfix said graft. Preferably, the connector conprises at |east one
| ocki ng el enent for interlocking said spike section (124), and said collar

section 04).. Pr ef er abl he | ocki ng el enent provi des a ri ng.actjon
bet ween Eéga%\e\%mggt& Fo&wgc%{ %r&axing:c By graft to a target vessel, comprfs?ngat%'n collar

section (104) adapted to engage a portion of the graft; and a separate spike section (124)
adapted to mount on said collar section, and comprising a plurality of spikes (126) each of
said spikes (126) adapted to transfix said graft. Preferably, the connector comprises at least
one locking element for interlocking said spike section (124), and said collar section (104).

Preferably the locking element provides a spring action between the two sections.

(Figure 2F)
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