1 0 SE P 2003 VASCULAR SURGERY RELATED APPLI CATI ONS Thi s zp@lgmqggp is a
Conti nuation-in-part of PCT application PCT/1L99/000284 and of PCT
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 invention relates to perforn ng anastonosis of bl ood 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 sigidersp afepanestroonsi s i s manual  suturing of
the two blood vessels in a side to side, end to end §(E ﬁﬂ%{é@z%d%l
conf i gur at i onThis Aprlisingtis & Coptnugtiersinapariyef §&d; apgligatiop HCT @3 %ngth of
any surgi,cal pro b& 855 hotf SPGEIc! de¥ ohHPRE AN thd disEOMuRS AF Whityipass
surgery, blﬁi aﬁﬁﬁ%ﬂﬁgggggﬁgﬂ?é%gg’ uosuaFI y Cat fa%lhaed to a heart-lung nmachine
and hiss bedndorposataf heeein by ogfgrenke. 15 I n addition to manual suturing of bl ood
vessel s, other nethods of at i I‘%@ﬁ- ssel s are known,
i ncl udi ng, staples and anast%@#g&r?iﬁggﬂ I[())Eﬁl i cati ons WD 97/ 40754 and
WO 97/ 28749, thepreicsrinestion sclaés tofpertdvminennasieroesiortaiasd vagselsi n by ref er ence,
describe staplers for c [ ein a graft is
connected on one of its Mﬁ%“?ﬁgﬁﬁ%iﬁmﬁ |Itﬁs other end to an
occl uded cor opadtc@et B blodil Stedkls] anastomosis,Cis Ui iomporthnt fukdisal tigghaiqué 0
surgery, the anastonosis, is sealed by stapli th raft : Or i,
whi | el0pr eesensiggolbes: HCRBpYts and FOSTRHSFIE a?ﬁ%%oqgﬁwacﬁ#?f r{t&glﬂ%pﬁur%aﬁh%ati on,
the anvilgd,Snd Beak 86 HiddiOebRR B did foOsidd, Bl &t afdl srn@d-taide teheffgurationy ed,

I ng

possi bly by ta the anvil apart. In the ot hetrgrglubl i.calti on, thﬁﬁensd of
a 8

the gr afAtthpegheitap enpreivedesiable Agshortepehe dggih © PHeal RCHR
out si de ; VES kB Sn vARchRE BaRh! 16 ushylpesackdriger y has
been per%%ﬁ#r% yi%?og’%mmﬁln%%qaﬁ;b?dﬁ\%sa%i%e?( key- hol g) surgery. In this type
of surgemym-mngmbﬁinhmédﬁfihéaﬁaﬂ@ffqnﬁfoﬂ)lﬁ@d-chest, i nstead of cracking open the
ribs, .and the T ;10&1%0%%?51'53@1&{1% Bblood-dsls, B neBibes sSRdcting tkyhasss

¥ The stu I'ng — and/ or staP

graft [ Ing 1's performed using togQls, far_ exanple

r ,
as descr ivesdlsabo@wnAinchding, Steges andwaasstaneosisynes. JICE prkjieptions ¥ %748 3o
openi ng of | 1. rather,. . re.: AERrib

Rt T odacai PO TR i bo deviesl & hupRat ndipaelteRurB) (LELS, Atdte
publ i cat isRpRr/¥or 9FHoRAS BpasVVOuYddy] BAdEnangrailds 0dne@4db 8n anel of Heierdsgpitet ity
docunents, nanely

L W
ref er gnce,ape, heraBgbhiies is Teaashogaling the/pat toctht manms 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
1




descri be method and apparatus for precutaneous treatnent ofqd S&Pi 2033
occlusions. Two main 1 1 0 SE ° 2003 nethods are taught in these
applications. In one nethod, a tunnel is excavated within tissue (outside
the vessel) fromone side of the occlusion to the other si de of the
occlusion, and a ‘'stent or a stent/graft may be placed within the-tunnel.

I n anot her nmet hod, a conveniently |ocated vein or graft is attached-to the

occl uded Y &@&8larePta %}ﬁ\i\ﬁ)tkﬁzbéjﬁ)pﬁr@atﬁhdﬂn anasietas sinaelds bxaweead eithingismeen t he
occl uded vessel t he vein or gra t 1%g&wsr ng .t he. ocrt: usi Q The d| st al

and pr oxr(ﬁbﬂﬂdﬁ)&et‘ie&%‘@ fgm pprsige phthgrage s sidg P ) %{’Fﬂélf’

manners. Pétl?op%%ggraﬁr}na;bsé VRe&! WitBinV@k huaRH thheomet ﬁrémodmy cdﬂﬁ/einynﬂlsm di ng
the two bl ood vesse usi ng one of a_ variety onnectors that are

suggest edocaeveiss or grat i eephfrééa theophsbided VeSSl GRA Ve é@emﬁe ARASOR9ES &par at ed
by a shord }ea&ﬂ%gﬁg& Ae afra@ t%} oY adtDik SBeH ggerfﬁrﬁ ssH38hS BEdR@H. Tav@stahe form
SO

10 of "an 1 nver unne at the two bl ood vessels are_urged together.
Wher e t hené piaxiraal ropies ofjthseeineasn clobrsl ilone @f ¢ gty 9f maapsrH e CRKA TGl es

and/ or d%\é cg%m%rvgln arﬂgglesa&%%%%be ‘ﬁ@ﬁi\’} %ettt?«% grvgééglgr&%yug%ggge@;fraom

conpr essi € connecti on in an t he artery t he
pur poses vafiety hd coanectms tay pes supetan (ymt of thei disclasedraprneeiors BTSS0I 0od
vessel s near each-o0

t her cont,a Wenet ween
them pr éE’fﬁ‘rﬁ’éﬁF@f“ati H?'%{ FEDEY OlilaIplogsl1 n%ng%y f%jg conﬁﬁtgg?lg{rrré gt ween t he
connegt ofof afdnidied tuaed secthsteihs .twb rbhde*dE&lq)EI(BOEghﬁr wgethers dwte therepisaced
into a.passage_ precut an usly forced, opened or avat ed port al
vei n and Saa%Q?WEGWgE% ﬁé ‘%T’Fegoﬁﬁmﬁlf %@"aé’ﬁ%gﬂ?j ﬁreﬁfwmeae%r%%?’%gevégﬁglfgr t he
previ ous sﬁgﬁgf@@ Burrdul€ing @kaki fien kOBftisaig BE chfeclidropaweemshelvsiniand the
mai nt ai ned by the existence of relatively solid tissue, urroundrlﬂg?ca

each

bet ween tareryt Woe 19 Hrsopupreseepisthe YATQUS tYIPFérOé CORNCFOTSHIS ) FRIHHA AHTO

of the C%%EH&%CQ@E\Q@@%G@& EHhcObr W&mg%@ggmgueameamem; prpandbly e
bl ood vessel which it I's attached, be, ‘of itself, | etel y | eak- proof.
I n VWAA pubinp (bmod@nll teak from the connection between the connector and the biood vessels.

"http://me2l %ﬁ&@%ﬁ{%ﬁ?{]e eeglétleﬁtélls ?jfé/cé?f oeé:faa%éffe 2R htaridindp Boreed, opdndll or

avai l abl e Ma di'sc re o i S incorporated herejn_ by
r ef er enc excavatetibtiveen & porthd yeiniahéd hemtic Wéldum wgoﬂlﬁ@f@@rﬁm@ﬁﬁewsﬁpscﬁ‘éﬂ or mi ng

a bypass .2 3{5% pﬁ%g}ﬁé Ena%g#agh 2Re relMie Bioft &F rtﬁ%} bidod '\}%Es%ﬁults NANHBEY b rtﬁélg ht to

t he aorta{n of an 1Tncisron in aorta near a site of
bypass sukiiehye oﬁ%ela&ydﬁpkrﬂldopamrsngomﬁmgmdé betwetththe tWie Blood yessels. Adug ﬂl*fé%l to

Sypasdea haretren o oo o U arkroou oy b e R ety o o
pr obl erratrb@ectwame@ssaao wihidh iVie aBathed, be,tof phatf bompldielydeakertoafnd, bei ng t hi n,
B e T
to perforyi@iuPass1eMakh eoosh 8RiRasurd OF ndichah irlcbfpofatsititetdin ay teferynaey 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.



performa fenoral -popliteal bypass. 2 1C EP 203 SUMVARY OF{THEFEPNYENTI ON An
aspect of sone preferred enbodi nents of the invention relates to a

sel f-1ocking anastonpsis device conprising a collar portion and a spike
portion conprrsrng a plurality of interconnected spikes, bath of which
portions are preferably forned of a sheet material or a 5 tube material,
preferably the sanme material. In a preferred enbodi nent of the invention,
the spike portion | ocks agmhmmm&nh@FﬁﬂﬂEdNVﬁbﬂﬂD@h so t hat once t he

anastonosi s device is_.de oes na b referred
enbodi ment of Apﬁépq%ggﬁqrg%ﬁ?é??ﬁg e&ﬁ’ﬁ@%ﬁ%m s?h%gn\yflgle% rlefge b Hl?‘:kﬂ{
conponentafastiindsRl deicsd @6thipriilngdd Goltir pottibA and & epikoportidh tﬁnPMngvzebMahm t wo
sections may be integrated in.a_ single co t. In, a.preferred .enhodi nent
of the i rivteterseed spikshBoth oL GHCE SRS DL fopT ‘1?9*? et R g%t

al | owsr ely@fel Mednt] GbfefiBl t;,d 188 sthe hﬁ&nhl\/\/ﬁh 2 $RFériedbmbodifens pLike mfenmme
preferred embodi nents of the inventjon relates to an anaagormtl nnect or

havi ng a seile pegioe laskepgaimsbihe spilas PRGN se (et PRrs hRATRHRMAYNE ety lﬁd?RW’ essel s

connect ed, (P&és %eo t&ﬁpiﬂ £ fé?é?f@@%ﬁl@f}dnﬂeﬁ‘t o thY ial@kib. dhe fedmaEn tevide t he
I nventi on, |ty of spring elenents are provided so that different

parts of it tfcarmaé@ﬁ em chmpeneatsg a fspike esnetionzapgd meolist seatipnt pliEnpiyelYotie PR
preferred nbod I r HRidged to a
single ¢ 5F[i 100 Iéﬂfl.¥ the%{attedqﬁ a sﬂlgfené h-g)'anen@ Tha i;?@erﬁe@ chib9SinfhEof thefnoé

0 one vessel However, this is not
essentoi althafdk idilidesrsent Satiilitys toc axanipde tebBovencladve: axiali mpéereaf hen®® of t he
vessel s and/ or to different portions of the connector. In a preferred
embodi merff*0fSt he i nvention, the springs allow relative notion 20 between
spi kes whi ch emgaget Qf‘l@om/eepﬁ&heaﬂﬁhbbdimemelof&m impentbn re:iatcmmpane@ast@nenos econd
vessel . AIternatlveI or adltlo toalowrn

si gnifi cé’ﬁ’fmeﬁ@ﬁha&‘ﬁg elguee °§ anb NGRS R loﬁn%‘%gﬁ%ﬁ%%e‘? | m ted to

snal | parc%ﬁne@fedtﬁlﬁm%nﬁﬁ&t@rﬂﬁﬁd SoARAOVE Clni O Preférredonsbodananyifethe byvqntlomlan ng

each spike with a spring, dlfferen es.in e thickpess of Ssu ged
by the spilyalityoé Skr%ﬁéﬁrsemseae povided sq that & Ffe?fg}’a“i\P{JﬁlF ﬁ’aﬁs‘*@t&r’i g‘ff%“*g?

addi ti Onaaha{é;Ymt bR1a8RE ldgioR! m%l%fenw%nﬁb&ﬁﬁmo&f o) rimﬁtwlbemlvme rspxﬁrrge aessel s
to be urged agal nst each other. The spring elenent nay be an explicjt

spring elrefesneed tb grsinglevebipatiaghede oae OBﬁlﬁtveiﬁfﬂS KRR WN%@I ST ' the
spring ff&gntfsﬂﬁl?ois 2Rl LY érﬂ:gél Wj@rﬁ‘eﬂeﬂt FROLNBE vak&ly hdiCio diffdre®paitiohe a

| ocki ng nter ocking the two parts of a two part anastonotic

devi ce. Af ﬂmemﬁctomflnsmermd@ﬁtélﬁmne%bﬁmﬁeﬁ@& the sERgs ﬂ?ﬁ)‘é’iﬂﬁ“@i?\mﬁ’%‘?‘ht es to
L L
gr abbi ng Alt@imivtly o addidemallf toaallosdmetelative motiomolcignificantpordens of earvegsslst | ng
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



the grabbed section. The grabbing and cutting may be by sepafatgrebepents
of a hole puncher or by a single elenent. In a preferred enbodi nent™“of the
i nvention, the grabbed section has a radius snmaller than twi ce the

t hi ckness of the coronary. Alternatively or additionally, after the 3 10
SE 2303 coronary is grabbed, the grabbing elenment is retracteéd-fromthe

vessel, so that the grabbed section of the coronary is distapce romt he
opposi t e siretanpis grabedothe EErPing AlcEEp Srtetated BRY tﬁﬁ%&%ﬁ?‘nﬁ% safaglfe g? ia"lgebe&)

i nventionr TGP €5 1R oPpdsRE 8BS Hthe M26RE}. Dy cutting along a
ci rcunf erseeﬁtgéena% eaéog%r{saﬂlgg hole. In aoggef erred enbqui' r.reg&g of. th

5
i nvention, a ri apesigf same ¢mpdinasitced lhesnyRnEOR EREACSHA Y™ 0&%%?5%06%%&

and a cutting,edge Ler I hek RE 2 T406:#81 4ol 15 R ipkeerre@emitio@iment of the
ci rcunf er%ﬁﬁ%pylcﬁgg’g%@ gdrér%e& gér odiment of the iIrI:venti on, the grabber is

a hol | pw inwlgiohps rqiating] aitting desica inprovidecshaving % esryrab grabpeyiapst ¢ FHIHRG cdgthe
grabber is %?yc B]gﬁ’:ﬁ&?’l’li’f‘ %g%ﬁ%g(re' oh s Y§iEn feﬂéﬁgr JnabPskrat@RmbbilifieNesSak, SO

that the B vessel wa e spike-carrying portion is
t hen r ot afrQehticnothé fabbe iseidlioanuiss fot providing wesse Alwaetivalsordditignally, e

aspect of some preferred enbodi nents of t L nvent.i I t@e &nik
sel f - r et r &@PRsEgS atmﬁclpgpalagr&mgﬂﬁl P St ET s e%gg}ﬁggg%sﬁlé%%qg%t ther

i nvent i ONpedolified B vE QLI RAL SThR shile-chrtyiiidhportial # théveiotatedp smthiael sqction eS| ood
vessel . Plr)ef erably, the punching action is caused by the tip retracting.
Opt i orlal | yessedmwd it 8 offi p retracts it cannot easily advance, thereby

provi ding an Aﬁagggé 46 BpRIprerak &t emticantdatseof thnintemivatrelafes soaeelpreehdinged
enbodi ments of the invention, relates to a hole puncher_ faor. P{éﬂﬁ@h&%
obl i que - htip der 4 prngh.Fncoicipaad epbodiment of ther BYEN.HAH BRTHERE PEPT °he

| nvent | Onbei}:lg %u &%!1 Sn %@%Yboﬁ%gei.sﬁéf&aﬁ@, ehd bﬁﬁchﬁ%' actibr iaeased bhithd tip
surfaces 3rec hot parallel to each other. Preferably, a | angl e, such

) smal
as 5 i s dedtiactis. Gptioasly, vhes thartfparetiacts EptaneniAaFy, a%‘{ﬂﬂffﬂeé%f?“abémgc"b‘ M8 %t he

surfaces is..not, planar, for exanple including a protrusion to better engage
t he blléoda%gg%n@}&f%%?eﬁan%unched t hrough. An aspect of some preferre

enbodi nent s of Ahhepdcnvsiieoefeatdembodiments plbthe inygpide Felatesto’ a,iale RUCHE
punchi ng action.i s achi eved. by, non- axj { i PHRGHE ke Thus,
Phore 1o HrauBcing ofFss Rorhic B ey s RdsRH Bhadingl of UR iReAGHEhe

n enent a sharp tip of the
punch and psRUsInEY cetapree e eRiptiad Berfacpa vichofurfatrs d5¢ oolparalirs & eqgh other.

derlyi ti . Pref bly, th I ' dan:: s hol
Sur gory. | Reatsecs e angl, Bt OnargS oENES T e an AR A eps BAe P °

Al terngti yel %ﬁrfacetstf'se cﬁ?‘}ﬂﬂﬁ&? orR@gnfte (RNAInY A'préthision t Better pigabe thedtbodvosdi nent
of the”invention, t he punching i's achieved by squeezing on the handl e of

t he hol e- painglpenchedvirengbect of some preferred enbodi ments of the invention
relates to a S?&tn a(s)gecE &Osloﬁ'lefp%ferred 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



30 anastonosi s connection, in which the tool surrounds the, grﬁé Once t he
graft is attached, the tool can be renoved fromthe graft.

enbodi ments of the invention, there is a slit in the side of the tooI,
through which.the graft is inserted and/or renoved. Alternatively or
additionall'y, the tool can open or be taken apart. Preferably, the tool

i ncludes a peg, which, when a portion of the tool qver ‘peyg,
splits tHeolt Bobrepht iorit algast tpefngaéqdethB’F’iP"tWE ¥ 1% °§E§I%O§g Sor lyt Q]e
pre-split,q uoﬂil})ﬂ 6 %ga%g F%ﬁ&{nfer@bl%dnde@ QYMRHEIEnife Bips me&oaqjommmmly d?referably,
Alternatlveyo d

ftionally to a gcg knlfels ﬁ’a d, t\/\lmgh kni fe
ri ps the thobhifpmddareag als@séﬁtuoyaw ppdihert ng?r‘“’n? HOVETERA 1oy Aliggeny

stati onar I 3ok QRS {Rh By, iSobINBAEI a rld wrmat whieh y  or
addi ti ona Iy?g?%a%km efeg(%ptegg ar(ge%}r{me(\g/petd ot i o(r)lal ly, tﬁé@t olg:Ir i ncludes a

rigid porprexentsvils sdpatstin eﬁ@nm@—spﬁém@b alorey orp Fiongid partiop doclysies g0 PRHLE:
However , i,s rigid port.i WAt &bl tPBSR, doh@atphe- spl i t
tool is r‘@}lé}f’lhcqn %h} ehtggoelr%?%%d%ﬁﬁItdg%eqﬁ%%%no}ﬁo spi | 'E[ 515;0 that the
graft cangrbiecz&ﬂfmmdve‘drfmm Maen@mmohﬁxmmy tqteimshel kit arglo8e PrNGOR a kit
are one or nore anast.onp r

anast oms@%%?%%m%ﬁéggﬁ% Ie%err?ﬁd a4 gnaStP ?‘g %19 E%L}lsteﬁ‘tﬁésteqo%%a% f’dri:“péﬁs? f er ent
at t achnmeng gne1édoftvita diffedny atdchmehats. tAlmlnwly ot hrhhticzmll}s thrteoladwpdantcd BF 10 a

keyhol e approach. Alternatively or, addi nal | d for
a tranbyaskehale agproachy AURRGLESHPCAAGHSY Cﬁ’at 1%/ rngﬁ t%(? CI;1/rsdotr?a!na Slt tgﬁal ly,
the tool &xsﬁnﬁb’atcoﬁQ SsehnNg an external tool, such as a knife.

Alternatively or additionally, a rip cord is used to sl ool . An
aspect of sonsAlprestissly eraddiinaliyrdha (solof CtRESH Wﬁpleﬁ'ﬁ"?bogﬁ g‘%‘:ﬂta%) 4 gmtrfret hod

of 15 en{q adi ﬁgegrbrgmﬁéﬁﬂ?sdﬁ&ngé@tbsgwpeﬁgwd@@] oynent. In a preferred
enbodi ment of i nvention, the connector |ncludes at_|east Onﬁ"f’g of

(transaxial) téw ekmesi efysonyy plemat opbediments fiche InVeREQD 1A} iy

pref en b' use QR rlchO M tahsreRtre@ dmbodifeht, of ther eby
pi er cit goo 5%%‘%‘%#%%‘?‘%3 g%%d Spi kgs on atﬁg ot hem de of . he
connect or mvédtioﬁ; thatobrrektpr invludasidi lohsh ont (ansaxiad) HigkenEs; H{S{ei' USRS push

t he connegt.or. .f.orwar.ds & @,q&hqrgseﬂﬂ@m@dl ment
of the in %‘ﬁlﬂ?l‘blﬁnmlgﬂﬁp?ﬁer% usela\s\\tﬁqn ﬁ(a%héeéﬁlt?%?défg}r??%% “formed js  elastic,
super el agficingQhe Blobeveske asmpmscedumk@fonttheotbmm de w&%@rwﬁ legmatively
anastonosi s  device is enployed. .Thus h ASLONSsS L 6Bod Gessel. T

di sconnecPedftiogaYs thedcs fu?egg PIY the %ﬂgw ng or calggf%g t%ﬁe ZSFS)? kes to
bend oyt gfy r&‘&r@(ﬁﬁboﬁﬁ&ﬁgﬁ'@ﬂhnﬁmxdm&d goke oAwhdpthetthiskensagnis fsrmedeisr ed

enbodi rrents of the invention relates to net hod , of i n
spi ke- i ncElagicn §UReh SstmPIs PBCTYASF PRV PU5 © g gt ‘Eomec’((frl‘%a%sgﬂésﬁg%grag%é sqtsgp of

everting déJ? 1% Eaio'yed 'Thﬁs,ﬁﬁ@irﬁétbﬁﬁs@ﬂm1ﬂﬁﬁbormfectéd1ﬁomml®piowmﬁﬁt toplebygr af t
is transfi xe

hé spikes in a first co urat i t.he spi kes, while
mai nt ai ni ﬂ@omneomaasmgﬂﬁsalkgafséﬁ%ﬁmtaf ﬁ'lya*ﬂ?@ ghgpment BY 1 tRod

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.



configuration (e.g., uneverted). After the graft is transfli&éd?P tpheg spi ke
configuration is changed, for exanple rotated outwards, so that the spikes
are in a better position to engage a second 30 vessel when the anastonosis
is perforned. Wen the graft is advanced towards the second .vessel, the
graft is preferably everted by the contact. In a preferred enbodi nent of
the invention, the spikes are hooked so as to easi]y penetrate the graft
when they ar e Awispt@cbfabmetmefeyedtmbedigenty of i inyertinh J6iates e 2sBEBH 0gessel
when they are rotated fr : refes red
enbodi mert &8 at%%[’ ilrh\‘}vgl\r%?i)é%engr foigleg gssrg?%{élp 1{r)raé%{ @gﬁgﬁﬁl\?gfﬁf ?%géagﬁgr aft, in
whi ch t hahgEeafitenen d gefentd etbadimbraok theveventiors tiposndi o iheografyingespsdpatent to

the graft_ end. | referr e i nent of b avent | 3gof the
rar ¢ 1's GraeetPad et hE R R F oD yEr el Pkt B iR R
graft § s RegldREribly,drdwRrionbetveatiihe hutichad dredzrift ab allveed. ddweprethecad v,
of Che. gdheBbs SveRg RIGe" PAInE GeBoL it TBTCOR G TS RPEEE iy
the ever s,QRREQGESSotidfectiBeiAM cal and not directly manual. An aspect of
sone preferred enbodi nents of the invention _relates.

to met hod of
everting an ed: aipeg ‘Zfr%?me,PTPf?“%F@HoqlﬁéntﬁQéﬁheeWHerft’QanSIIaafeédo fao?ﬁg?% fover

the graf teveﬁlﬁ}é’%ﬁgﬁd 5P orafOindiiniothe 884 <8l it BBedfonbdrd, dvr the i, eswapdk the _
enbodi ment of “the 1 nvention, the graft is mounted on a tube or inside of it

and the ndsal edof dfe graf Iyrarefered gukadisaent gf bedpvenlicn the &alh g mp ?"Z‘fﬂa%t s,
towards the gl%"llzltSlglF g??tdanﬁztﬁée 06 $ndlok (tjhe!: ok G ﬁt%h%d, kL8 ih RABI GiasinRy t he

near end oOf near end IS engaged and pushed. An_ aspect of
some pr ef ewadd tendisall endruf sheografthRreferabln ratlon thrag| ssaspingtibe eapgrhobthseraly 5

shapi ng ortion of a graft specially an end, but possibly also a mddle
of a gra?‘ﬂ‘gn‘?-@r“'g’?‘g §B¥3§§?gar{adrﬁu 1“er?}iiet hod is used for sinulating the eversion of

a graft withoutn eyettt shg@ntchprefprrad tembbdimenta Sif iige inyentimdrelptestine gekpd of o
thicken. In.a preferred epbodi nent of ,the inventi . tod

mamaty asfl‘ta%‘fl%gp?‘ﬁmﬁ °§? @Fﬁ?ﬁ%&@ﬁﬁﬂ&? HTtPOS?lb]Fﬁ}éSO :anqn\}g%? ?g% ,Eﬁ%th%ﬂe%ggﬁ, is

t hi ckenedmatmdihsd iSRskd Hysinuiatihd the SRRSO gaft tvithowy eedrtingthd graly by eauaibky, the

axial conpression utilizes a forminside 20.the ft, taq.set (iLncrease,
decrease ®f enfphthgi Fytt tt?lémﬁﬁegf{% PR "rmgi ‘35%@@5’?6.“{ %ihec%%‘%é’%‘sfh&#r ?r%)l/segbe
used to forman ﬁ&@.ma?référea%aﬂieﬁuéﬁhe fr@eiilon, Mxigiafols thitlenebayitsendi on
may be constrai'ned " to form ot her shapes, such as a sadd%&@ghgg%bgn%idgatch a

profile oby axidbresmmrsssing the gaf eRdnParieraiiy ey Feale e PrasHog v : _
enbodi,reng . of ol Rl ﬁ?{c%htsé, QBeredsB 6r hkiaARH) knel g Rherldiendératie ddpipedssion rgy by

t he afnast ondsi § conhector assists In maintaining its shape. Alternat idvel y
or addi t i bawaskd §o forhen 25 thhf is Rernerdicules tpstle 268 AELS FORPIESSIARTNHEDS LOnHEINe

ted th d_j a8kl NGohil orREtaR,
P,r—]? isfrg_ ? ol Hl;')nlrll%gler ghai'\)?so sﬁcfh_ atsqesagélgfsﬂape%ﬁla ldGofild of A& f R, B tcAfdrm an

ana MOSi S connectron and/ or an adventizi'a to adventizia
connect i ooblgnetat. Inmapretined empodifteutdf gre ineentien, the trangfeving ofithe gral thitleningd
enbodi me n{ay ‘81]:3 artlahs?omosis 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



invention, the thickened portion is transfixed by spikes ofi (aibE&ngggzonosi s
connector along paths parallel to the graft axis. 30 An aspect of sone
preferred enbodi nents of the invention relates to creating an everted
graft end having an oblique angle to the graft axis. Direct eversion at an
oblique angl'e "may be difficult. In a preferred enbodi nent of the

i nvention, an anastonptic connector has s%ﬁes that. are pre-(i?notutﬁge-t'hat
their tiphe ether vgsschThun gyhen diensreta it paaially eyeried apd e Bkeh e SEFPEES 6™ 1 01

SE P 2003;the, &Ei%ieﬁé@ﬁé%ide of HdSraft3@Rsdid & @nipldting ShelpRersion) |y everted and
t he spi keg are exXtended out, the tips can easHé pjléa@gce tge Si f the

e
graft and assiAstaspest efpepledrsfpred anbodimants of the inypnirpretates g¢ 'O%SB & red

embodi me ' i R thol REFR.Qh 2 Prefiidi@mbbliiedsatitid 1 n
preventi nmdjs'isgiiﬂ %Eb??(‘)eeﬂt;{%)mn% %%%%?%gﬁﬁ%ogdgeplﬂy | ﬁ%ra preferred %gpofi ment

of the Snventientheapikettipas spitkier examplesintogvoror thres ingx (il e AHBNE J8KbL M ¢ hr ee
tines (e.g.,.like uni n r. : ref SR H BN brird, thd epik

i nventi orf’,g p%gﬁgéam Péllﬂeml gf ]E)h:gelgkéeenél B%’y‘%cﬁlegsggig?mt he %i ke pladv_angpese only
until t hexdspickd orllpmat! iterspiteletaion neecamdne aria Qitiooallyt, thy spiltiisfingsia widgatglhes a
wi de angl.e between the tines, to.preyent r i Qn of tissue between the
tines. APCRESEUE WhFs IQPEVHH ‘é‘f‘%ﬁ?@&’%’%%&?ﬁéﬁ%ﬁfﬁ%ﬁ%é invention relates to
a kit for 10 sesdpeEnbngorky padardd onbstimeass ioff the prvenfire relitey nors- kibrfonar y)
vessel, for_ exanple in the leg or.

g t he,abdom nal aorta. _ln_a .pr red
enbod%rerierformipg 8YRasy BFAESIHFFS ﬁBFPP&Wf (nopLeTongE Veés%rfﬁ% %mw%v%ef %% of
anast oDt e NGRARSE b6, TR Y H:Sehat effiman df tkaneationndcina gitiiddudesr gafi di ng
the graft between two anastonpbsis connection |lqcations..ln. r

n ef eryed
enbodi nerfavies ap peasiompdia comgctor mpEnted 3t gach Hherod an a%‘ﬂﬁ?ed%" &F&‘é‘g the grat

Al ternat iyl doBenMitiRid Snfeckib@ictagitsdBr a Hleteic dnbydiignt éfe irbntpa de is
a defl ectabl e guide. An aspect of sone preferred enbodinents of. the

i nvent i orfhe gide eemprisena guidp gdreo Altemalivelis ithegeuigs iapdwi] guifs AtFRAIYVEY-A8% i ¢
devi ce_frQp i.nt...in which renoving an upper constraints allows
the déVi cé“n%egs %gﬁeﬁ%ﬁg%&%’et ach itself from protrusions defined on t?e

| ower  const r aimbspe@GofAnmaspeftredmbotiments of die BFertippdqlats ie ¢ wethphe

invention rel.ates 1o.a self It t S ; eferred
embod mortERETIE Ao o B SHE Seome RDR BERIE  E Lo o G

spi kes t heneafinteslfowsiseddvad to défornaamt defach itsihion hrotsgpheedsfiaedoon &p daged,
they rotate in a plane perpendicular to the vessel axis, everting the
vessel . APt i vel y to engaging the vessel by transfixing it with the
forwapgl spi kesan hdpectCIRoRe tpasferfdlyentndiniches aftiile frivenddn @Btesrtp rpieHevettisgrent s

(5, o ebahec chebsonds) el ST S TRy Rhubl e SR P
to form ag.6a85hsd Rward 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



Necrosis at the end of the vessel may be considered insigni i &htygim sone
enbodi nents of the invention. There is thus provided in accordance with a
preferred enbodi nent of the invention, an 30 anastonotic connector for
connecting .a.graft to a target vessel, conprising: a thin collar. section,
adapted to engage a portion of the graft; and a separate spike section,
adapted to nount on said collar section and conprising a 8' %F%:lit .of
spi kes, eetibn.drefombly, syl Reckingielpmenrt is dormed w81 5aid €oliap PETLQPy T1e Yersé& y, the
connector_,conpri se ; i 2l tidor interlocking said

spi ke seé?clkglﬁr&a%ﬁlg tsrg?t \g%f%ﬁpe gggﬁﬂgg.gmgﬁ%?g%bl y, said | ocking el enent
is formed on Eni grefantel @mbpdimentof thPrieveaticnps3id lecking PRk PFYIEF &7BHIS nat es
with an aperture defined b ' ' Lon. I keskesad ment
of the i ﬁ@é’ﬁ'ﬂv jign aé’:gfl&esll%sc%}aﬁgé lglPtZ@r{en g?‘%%lgie{sleagﬂbsagrﬁqr%?%gcti on, which
acti on r @slesst part 6ff saidi cotaredtionwii a &ircexispendent catthd repgsof|AtoNof sai d spi ke

section and 5 at |east part of .d.callar j it Lar pendent
on the range B¥2®BifFEH © °d§nf)rfteq§zeil”? & e%%@béalﬁ %gsh{kgtr)bf Ct%e%nﬁp\?g%t%g%#gs ai d
spi ke SeGlk@meeARll A§eSatveBUedditdhabt sdd spikerdrapre-bant &y nhodk/sbage, gich
additional ly, said spikes are pre-bent in a hook. sh : taSal d
hook shajfiat %l@d aﬁl@‘pﬁhégp F&d@ﬁahﬁgenﬁ?% Pt V??%ei'sjglfgma%a?l & r‘%?‘?%%rfag?’os? .

addi tionalhy, cis@bf cofPkik@’ a 8l t ofc Q5] d@Bers Phaximili toy saidl thrigeingwss®dl ement s
proxi mal to said targéet vessel. 10 Pref er?bl \ sal(d I&Imantget elagsn&%u%hdefi ne
aper t Wr ePréformblyapaid Slgngecelemenip JeGne PeFRSS gL e “AMPBPnath®ely, ©sai d

fl ange e'ﬁ%ﬁ&h%@,ﬂ&k&lg&%t peBAR iUIIcOR kS0 Bné RpbIES fin MKt pEtmcr, Widie

Spi

enough for one otf’ sal )i kes to be brought in through. In a preferred
enbodi nerenowgh fortrmmeiofisaithsnikns to Babrgught i1 thyouglect i on defines a cylindri cal

volurme. Alter gr?t% :?\F/eg%ryedi L i QPR Mventih, bafiOddiBF s®B64 idOfnes 3 Gilaficed to

form a perpen anastonosi s. ternatively, said collar sectionis
adapt ed tvoling: thitamatily quedditiastin maisi collarTyeetion is pdated oy RegPficular
accordance with.a,preferred. [ - e dbBRue Bstodb@st onot i ¢
connekt oran?%‘?m%sgnﬁ‘g‘ﬁ?%v Eyasadgg@?agf%ggﬁ 1tsgéa Eeétaeﬂ\)/essel . cgurfpri s(i? ng: .a base for
engagi ng sai dTye@fid als@piovidedin dcyorddncs pitk @préfered nztrodimsnt AHths AVEHMatt and
.el enent attached to

engagi ng said target vessel; anpd 20 | eas SRLEAT.-
at | east BAVOBPUCLHPRLCLE; qgélgt}nqﬁﬁ?%%?g%h antﬁrgee‘tvee(rgrée}?itc @ oupfes a connection
bet ween sai d $paksro amad chibpa®; Preferably, said spikes and said base

sai d 3 g chidpa ably, _

forma single elenent. Alternatiyel ,@% S kaes aﬂ;ddtigﬁfveg&ii%nﬁor m t wo

separate el emeiusality Af gpikss dprérangirt et BEE e i nvent i on, “sai d spring

conpriges a f la@%easci Qhd ﬂﬁﬂé'eﬂﬁlent AMabiRd Nkt 1Rt ohe@f sad gpikéspwhichyspringadleinanpr i ng

conprises a leaf spring. "Alternati velq)( Qr addjti oaggl I Yoq %{%s gna('f-sdai(ﬁgasl:eaSt
one spri nguplesrprpmsstica befweestsaidi ks 3p¢ sYL bpss- Bisfarably, said spl

' form a single element. Alternatively, said spikes 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:



In a preferred enbodi nent of the invention, each of said

| east one independent associated spring. Alternatively o?maﬁft ?%%;aﬁlty

sai d connector is configured for performng an oblique anast onosi s. ’
Alternatively or additionally, said connector conprises at |east one tab
associ ated with one spike of said spikes, for noving said spi-*ke'.

Preferably, said 30 tab is adapted for retracting said spike. Al ternatively
olr addi ti pgaldl yit leasti rebotiale-ile eldmptis dadhodefingg amencraressiprfed &Iléésfenﬂgeﬁa@ is

al so provi i n.accordang i badid@nhisof the invention
appar at us & suﬁgfqa\g/ igﬁ% £ %}rﬁ%‘%ht%gﬂ%%&gé\%g@cgﬁgggge corr%?i sing: 8 10 SE P
2003 at Ieasf[thQaétlmbe%ﬁamoredI@mnm}mteéoh atilsast onn gf ad Spherike clemgattled for
inserting said graft such th the graft ' bichta RO [
tUbe- 1§ ke Bhwie Aot FELLtets BEsSpaione Helriah BE RURR-8 dibighis #RSHE 0.1
of said t WaR- Whike sRt SBAtEd it enéphd taid agertiee Pofirghly, chidsailenst esescpIrper

el ements, so the graft ran be reapved thr h a..l i i
sl ot span<OBRNEEsH; F“@F&H‘C&ﬁd;a’éla?ﬂg tﬁ@?&ﬁﬁ)}ggf ﬁﬁ‘ér@g}bl&d&@&sﬁﬁéﬁ% aéévgl'lt ane

separ at or LoD $8PreRdds Which Wilké:e in 6AktngSilt 1 ssiditibe té\fdrmrsadtsiorel y or
additionally, said at |east one separator. conprises a spreader i
s p why

wi dens an exi st agpreferred prbadimgnt Qfpae iRy epiganpythes FRpatefs  CompRSes 40 WE, PRy
_errbodl nentwtg%}l },@geﬁtg\gaattw@fmﬁ]hﬁ,ﬁa@@am&sya GOEIdicEs rafeceidt Altetnatvely whi ch
prevents said tube from S_§| itting unless it is sufficien I%/ tract ed.
Al ternat i vafifiooslly, :0d tibterlike ety are adapepdiie BT ﬁﬂt@@a%%?ﬂe?ﬁ{e% Cﬁﬁé‘”?ﬁ’a ¥od to
carry an anast ti.c I I hel i
accor _dan ce wit ﬁﬁgrepl F éﬁg ﬁ%@%%éﬁ?@eﬁ%ﬁh %E%fe?rr? \t} ?ﬁ???ﬁfﬂg@&h@ tﬁﬁg]gﬁg} *
g;e)lrm;“t ng angh@cz of rdnggvingggraﬂobllvm tonl from en encdesed TR FOMPIEGRDI i si ng:

itting apar id tube,.to foO E ' : nE@! Hgng el enent; d
removing said @Pf} g?wtoﬁﬁghm%ealtod{ oﬁgf I%Jc %&ﬁé}%ﬁ%ﬁ%%ﬁ&& %ﬂtd- 19 ormng o
eldg_n}[e_nt c ?) Irrpr i &a@ﬁ“ﬂiﬁ sfid kniffieroufiasaid Poli Pefaatily seidtstor-foxming plemen SpRrdTes '
addi tiona ,..sai ot-fqQrm | eyrent | S g j
n exi &1 rigbifs paspis i BT S ap AP PRLY. 355 st SRLRE Hehekicphped oS
tng {ret EOd?ﬁﬂémgléﬂtﬁﬁﬁviﬂﬁisraﬁ@iihmsaitixﬂseiﬂsmbe. one tube that encloses said

C bre ] . . .

ol eret, 201 1 ERER? EAPRBEM SR HOTRP AT ATOR SAPE e g e M 1O
conpri ses pnviBg uSRieHc1dedtsaidl @A MgrepbBRAIL rételcand vezes caid it agast atstptf orm
sai-d slot. There I's also provided in accordance with a preferred enbodi nent
of the invimmingrelenzgnt. anast onpsi s connector conprising: a ring shaped base

havi ng 2@” axXlSit a preferred embodiment of the invention, the method comprises moving said slot-

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



25 at |east one plurality of spikes on one side of said riifgSE&ng;mt | east
one transaxi al thickening in at |east one of said spikes, distanced from
said ring. Preferably, the connector conprises a second plurality of

spi kes pointing in an opposite direction fromsaid first set of spikes.

Al ternatively or-additionally, said thickening conprises a point where
said spike splits into tines. Preferably, said tines are shorter .than a

t hi ckness of aont3firanigatonbicudetraes ao fubes, wbid dhickminghsieconsfamed B985 gned.
In a preferred . .enpodinent of .the i t] i al top@ne plurality of
spi kes doa"??gfmt“&%‘g’(%l?agg?‘glpr%qu(g%%&?%ﬁe{a 3\%/%?1525?%{#9%%1;} t?%g’rﬁn gai dri B{g once
depl oyed. Therenbwngdks an puey icde dfisaidawbes denic hatvbehcoangsiat deforag ag i ment
of the invention, a net hoa of .go tasit n]ileyot%@gmrel easi ng an anastonotic
connect or HIGKeAIRE'S §oLqenetaied By s 8%% i 0 SEP 2003 cont ai ni ng sai d
connec{ or bet WegR it WRo brReRd it atcdrdahieckisink prefined rgibodiment of thethvFilom 2 axi al
notion by at | east one protrusian, defined on at |east ..sal d tubes;
and r enovingigodef neHOBRIPE AP FIREIOTPSIE Q‘the?"tﬁ)@?? a%cﬁactﬁrgte ‘éﬁsseg Pfgmg%%%%ct or

deforms. and therinshhGkARnRGisicenielor BRNGE tagoeesdly said at | east one
protrusion. 5 Therée is also provided in accordance with a preferred

enmbodi ment of relagsingral keastioss foryard fpiks ghsait COBRYH By ni ng an anast onosi s bet ween

a graft and a rgl?ﬂf’glzgﬁt; sl SfbotorGREPhbiShidTorwat d\§fctlehfipc ikt camsiand
connector into the Target vessel; rel easing at |east one forward spi ke of

sai d connect orcompletingceidngnasemgsisoRreredy, SBMettzafd ATBSPBPHa BN ke
engages. Saled it aragelgast/%igedai:k\«@:ﬁg s}lg{ecgmaéigt dodfecksr! @ ahbasé GAaS tabaet Resker abl y,
conpl et i nrg? 841 *AnsSt omdst s conprises releasing at |east one backward

spi ke of ARérdativelynectpleting sah gagstonsnsisdoomprigest logking sid spikettarhpef EpYd

conpl eting said apastonosi.s CONPriises.1 qcki Iod s 301 K8stbQods R8mbriek sai d
connect org]q?PT‘Fé‘r‘r Pﬁ%tt%agi & pspggeg) %ﬁ%ﬁlﬁ%ﬁ \h/e I;éﬂﬂwl(’f’or?'ﬁﬁ:)l et ﬂg_ gaj d a%gst onosi s
CONpr i Sesrelda@heeid fukeairdraspioerds ® 7 prrectid cowsetdsothes thangaidsple. sai d
connector other, than said.spi.ke, 15 There i |.S0 | 10 ;Rea@ddance
with dSprefer r"é‘?f“’e'ﬁtﬁ‘lfﬂipﬁ%vﬁ‘?éad? aF‘F?édsaﬁ“ﬁ?/gh i ?ﬁfg}ae% i‘)‘ﬁ“{?g‘r\ﬁ"‘%ggﬂg‘ﬁ iilg%h for

punchi ng gufehfchdhish ot padhvgasele in ablopd veiselgeonprisingr p tip adapted for
puncturing said blood vessel; a shaft Tavi ng said tip at one end thereof;

a first w deni hyies E@rasaptedfar papetprgigsaid plqod yessel;

and 20 a second w deni ng

el ement di staIagﬁﬂ%@,jﬁgggidﬁéawngemimgresf;enent, said first and second
w dening el ements defining a narrow n ,b_e%’geen them which narrowing is
adapt ed to coma &ishwidgnipg slemgntelisty it U wal | ; 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 ‘



a coupling elenent for coupling retraction of said tip wthJaStEl &l3ve
notion of said wdening elenents, which relative notion is used to
contract said narrowing. Preferably, said 25 tip retracts into said first
w dening, thereby pulling said first w dening el enent towards said second
wi dening elenent. Alternatively or additionally, said tip is nounted on a
tip-shaft and said tip is retracted by retracting the tip-shaft and- - -
wher ei n s&ltethatively ohaldditibmllg.opphieg stid esdbfisaid pafttcomprieds avhring ge e over
sufficient, retr?%ti on of said tip shaft, said tip shaft engages said shaft
and - ret AP 0830 There is al so provided in accordance with a preferred
enmbodi ment of Thie ié Slyeplovidad irpaccomtivedvitf a pefertd agbaiigestfdf thewmtion. fg:
grasping sajd graft bet ween an internal nandrel and an outer tube; and
pushi ng &PEAETEH CYHH IS af t back over said graft. Preferably, the method
conprisses repeRtiifideSnt AoRimRiangndofthidrgdft thyread; tinmes to achieve a desired
anount of eversion. 10 10 ''SEP L" 003?4AI t ernat.i vehy @r addi tﬁi pagﬁl 'y, pushing
said end of s&@piyitensdapledfrsiopring FRadvanss of aid Sl epd aYer sUd iy Bt er "t ube.

There is al so,yeuigest éxPa@ﬁ%Oﬁﬁh%{?kPﬁ_sﬁMséd"b@wwn_eiaﬁf e sepoasti santipofaid he
invention, a raft "everter, conprising. 5 a tip adapted for tE{Dunt ng an
end of sdingeryharing anexnsoded statg frayhick they bayragt S dagiels JaRe W % ce of
said graf | e b an AAGkpinddh Yo ih ki@l (hE KRR Med hdGEHRe @ SPOSed
bet ween sataﬂfigﬁg?ragiﬁ{ssa?%%gghh@gi g&tpﬁ) sgi d filngers havirng an expanded

st at eld n enpagehaitllgeafi. have an external dianeter larger than said tip and

| arger than sgid graft and_an ' bifBnt Y80S ndBRIe! 2 does
not suffice t erfgs %rsl%gﬁg%géfndwégggﬁeqﬁﬁleafé:éfegreglgxgg%r_oI\I/i%2% %nn accoar dance
Wi th a prsdtesd eflmeniibgi apatastofmosih eonmevten binomg spikesneith sigs dat et puingf &n
anastormﬁi s connector having spikes.with tips that bend out of a |unen of
sai d conrfdReHP! sapgfoRnegioLqn @ PR nmintaining said at |east sone of
sai d spi kes i Ranthininglseid aclent bghy aftshidrspikecin atthatedtdopSgupition sBelsthutdips pf kes
bend into the |unren; transfixing said graft on said tips; and changing the
confi Gur asﬂdo‘ﬁlkﬁ?b?&i]%folﬂleg‘ém% bend out. Preferably, changing the

configuration u@ﬁﬁgﬁﬂg%@ﬁg?ﬁt&ﬁ&ﬁm?s§§idd spi kes. There is also provided in
accordance with a preferred enbodi nent of the inventf',op, ? %10 net I}gd of
sinul ating evehaiehig dic gonfiearion Rfnpd dipgio bend out. Preicrably, changing the

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:

11



conpressing an end of said graft into a formto provide afbig@arﬂgﬁg of
said end; and transfixing said thickening wiwth at |east one spiKe 0of an
anastonosi s connector. Preferably, said graft conprises a mammary artery.
Alternatively or additionally, said transfixing conprises transfixing
along an axi's of said graft. Alternatively, said transfixing 25 conprises
transfixing oblique to an axis of said graft. Alternatively, said -
transfi xi ng ceifptingesaditsrodins tikofitye greftipendi cul ar to an axis of said graft.
In a preferred, enbodi rent, of the inventj ' : j At itnner
mandrel . Al t 8VAXETS 81 P38 O ‘-‘1%ﬂ%ﬁ?%%’ﬁg%‘P‘z%?%F%ffﬁaﬁﬁg%ﬂ’ %ﬁ&sg“i d graft,
a flat epdngned Arewideded3edagandt hi ckening. Al ternatively, said formdefines,
on said graft, an oblique end.s rf%c? 1tgor a(i’d 30 t hi ckeni ng.

Al ternati vel ybendimed? gt AR 625 9178 PR 'S9FR 2899 t . an non- pl anar end surface
for said thi ¢keaiddso rod&l inSacadrisncp Mot adeefeirel aniowiidanof twiintentiopref er r ed
enbodi ment of the invention, g. method of transfixing a connector on a
graft, cdiksernadiypess propedurg CRMPIBIS003 wi dening a radi us of an end of the

graft; advancimg,ftnd g@ﬁtha@% Shitk8odHd canabdbore avneet o, twoadndb kelkeof,zaslai d
graft, such that it ransfixes sai d w dened ar e&l; .aagta bending at | east an
end of saraf awgiskid comneptorsrrdaptebiok 2 peyIPhpiat yPESS PRICYTRr®¢i ded i n accor dance

with a prefer Qtelgasggmsgﬁcfaéﬁﬂ}‘e Hacitddfo bR O gaft. KeferdbBy, séld bypacSrs are

procedure, conprisin east one graft having anastonpsis connectors
mounted @mbbdded énchid ¢ndepbsaid grei d graft and said connectors adapted for a

per i pher al bygg?srg P4 %C%g"ﬁg%q igllaa'agoé'lﬁéxcé §a8h PG BB diMidnotht ARRRINI & One

end of said g connectors are 10 enbedded in said
ends of sdiighediolf guncilkempridisg:al so provided in accordance with a preferred
enbodi nent of t{;ag_i nvention, an oblique hole punch, conprising: a shaft; a
first non cir@drab edge oblique to said shaft at a first angle; 15 a second
non-circul ar qdgs nekkirike ctige chiilgde whvaifitshaft ata fisseugld angl e; and nmeans for

o acl Dot uaoh sshrobrRLe s ROaS g R Ly ooyt o 1 ssue
Al ternativel ymeasi fir FdRciANG laS bet@ee safieowadees, Soharte cisthedugh vascaled BeeF i n

accordance with a preferred enbodi nent of the.iny i 0 a . -
placed betweenpthem. Preferably, said two angles are Qlefferent. %ngmaawly, 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.

12



20 penetrating punch for punching holes in a blood vessel 1duSERg2gyskeyhol e -
procedure, conprising: a tip for puncturing said vessel; a rigid handle,
adapt ed for keyhole surgery and coupled to said tip, for controlling a
spatial position of said tip; 25 two surfaces for receiving.the walls of
the vessel surrounding said puncture; and neans for bring said surfaces
toget her for punching said hole. Preferably, said tip is snooth. -

Al ternatively, said tipBRIEDOESCRIPFIONQHE THIHBRAWENGEso provi ded in
accordance wth a.preferre I o] 1N f go Bt RAswR
heat-treating 'Elt?f é‘ﬁvgg?%’m“gﬁsgegg%%%gt‘?%%ly I(':%#?%ﬁol(sii %%%gegéﬁﬁt?l ng a cu_tg
connect or déspfition ofptedrretlienibngimsats thermof th doojubesivgl vijtht the figrompaciainddwiefwar ds

spi.kes of said connector into.a desired confi 1.0 idldagat i ng
R e v P e e R R et s
2003 BRI EfyREsGRLR HRueds id WichBAWapsS:, fiehicitvent i on wi || be nore clearly
understood by reference to the follow n descri.ption of e

embodi ment s t HEgedALR Sﬁmﬁﬁlﬁgb’i @HSW%W%M&SP?@J}%&R@‘R %Srt‘glf“ﬁfci (fgﬁfg oL

ST UCt U €§yerlel NiiHodinfht BRIHeSyrédhiCHvatBR Ak idmde-perbfrativoonsl i qutheoughe

| abel ed with the same 5 nuneral in all the figures in which they appear,

in which: vRWgs. 1A-1D schematically illustrate two parts of a two part

anast onoti ¢ deyi,¢ e, ObrachRibal filserbed dFRRtio bf tReddviesaigd. nwetd,ian, in
i sonetric-per spgctl ve and 1 n cut-through views; Figs. 2A-2F schematically

i |1 ustinat eccotiienespeiitad proferiod emh@im@vpéélewemﬁ%. “1A-1D, in 10 accordance
with a prefer rﬁl%s,_%@gﬁ g@g%e @Fﬁ]neiagguté BY @B k@ Partd bOBe adAtdhitflic Hviog 6f Pigan

| ayouts of the Pwo p nastonotic device of Figs. 1A-1D, in
accor danc@Aviil, lin accprdaferwidch mafooed erabrodinggnt phide iYoRIHES on; Fi gs. 4A-4D

illustrate a ngtho Jetractj ' norti t ren anasha0Rs isvicevi ce
of Figs. 1A 1g,FlgF'n‘p‘%§l§d[h&%r geea I\bm&g%@%ﬂﬁg%fnggragg@gﬁggo& drr}gjrlyt of ‘the invention:
15 Fig. 5ofBiga 10-8Dh, ihayauanod with apefopieé embedimettofithsiinveddiice, in accordance

R L N T R R e et
an anast omRsgirfedsibddinionCofdByincentioh; Fig. 5;
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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Fig. 7Ais a schematic illustration of a splayed spike tii@ %ﬁnfzi{}%r ation,
in accordance 20 with a preferred enbodi nent of the invention; g. 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 enbodi rent of the
invention; Fig. BAis a plan layout of an aortic anastonotic-connector in
accordance wwth a preferred enbodi nent of the invention; 25 Fig. 8B-is a
top view of th&igdirieetsdrentic Hiugtra@, of; ascaffpld deqlnyhish splds verigps ofer ol
enl ar gement .show n h ef i 'Ei&%f ; On&ndes of the
connect or ;&uﬁfl%?wgﬁgslém%dgl% é{\}lvatg%)rrg%nééw@ﬁ%gf -Adggnglq?lgl?ﬁ%g,_ show ng’ t he

rel ati ve pl aceifigst 124-12D dlussg k@socEssousing a giajand-obt nubeh, i aseealsivEthdevi ce,

in aresting state: .30 Fi 9A and 9B show a nold suitable for training the
anastomsi@galﬁ?ﬂae&gbo F“ﬁﬂfa@eﬁ’x?ﬁ% in accordance with a preferred

enbodi nent of FRe. 1 IAED ilstratEh grocdsd of ssimg 4 lotating spike lnfle puncheteimsbenrdangs ocess
of keyhol e hypas i n accorda &%.Wth a preferred enbodi nent of the

i nventi on;WiﬂBaHr?fseﬁe‘égpbof%?tﬁ MVENYQN, o schematic illustration of a

scaffol d tool, pyhi 48Nk dRstydé b présesvoh i¥ing A0dnsil hollerpiunghes iby@asisnqeraidedur e,
in accordance with a preferred enbodi mrent of the invention; Figs. 12A-12D

i |1 ust r at erefempdyarhodinggt pithe JvehtiPRab- and- cut punch, in accordance with a

preferred enboginepis 95D ifGehid\uaidld Sibched dEigied td BAinbaiediih khesdcafidle tal pf ocess
of using a rotating spi ke hole puncher, in accordance . with a preferred

enbodi WentFigflif snd iiswseiracenidanes fifh a prefered prbpdipsntofihe VefigRess of using an
anvi| hol e punghgr ;] AanGe W fdkpRetvvedwe bhEth aRAliveRit-opén Vie®,

i nvention; Figs. 1%@%%%(&?%1[]5'[ rate %?I?ﬁol e puncher dgsi gned tQ be inserted
in the scatdpettivelypaeltipetetractipg fioly. punch, inpecordance, with jarprafered gahedimgnttof the

pref erred\}.g\r{%gdi_rrent of the invention; Figs. 16A and 16B illustrate in

perspecti &% and in perspective cut-open view, respectively, a
tip-retracting Hnlle ipaelopen perspedive damod atiptrbtragting kdle punsh, @M&%, aAehyitbf t he
i nventi on;

punch, 1 n actrabiraireneediim BERERREHAUE Ot of'erred embodi ment of the
I nvention; FigFid88sows akassamblediahed dsageabled shiige toleegimoluri igrgcdiddnge
puncher, I&]ﬁt}?ggg%egrggggbocﬁmmgrﬁ o?ﬂ'f%rir?\te%{ign?d embodi ment 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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Fig. 19A is a schematic illustration of an alternative obhng eohgh[% puncher
in accordance with another preferred enbodi nent of the |nvent| o] 20 Fig.
19B shows two views of the tip of the puncher of Fig. 19A; Figs. 20A-20D
illustrate a connector nounting nmethod in accordance with a preferred
enbodi ment of the-invention; Figs. 21A-21E illustrate a graft everter, in
accordance with a preferred enbodi nent of the invention; 25 Fig. 22-is a
schemati ¢ cut Figh2iRigh petsbesive aiteivor Fof 2@1& alternative graft everter, in
accordance w th ef erred rrbo [

illustrate a Eﬁ%g&f’%‘?’s’ r asrlrus1 B4 ar%leg% Eﬂ i\}ﬁosldsgr%% I? \r/l\ns éﬁaﬁ%ds%?@é% of a
connectorspikéglhaceﬁgergda}rmagw%bsea preferred enbodi ment of the invention;

Figs. 24A-24 I rate_a nethod aqf, si atin ) Inyor
a manmary 30 %93 SE)OW? ﬂnlac%rla%{eﬁcgtw m%m%lrogrgj efrafr1 %g‘yﬁg{ﬁbégg#ﬁﬁseﬁ?é)gfcd rrélh

I nventsi Oforirled sliihfhe 18yeR aUnils endifrotisidr3e scaffol d tool of Fi g 11 when a
combi nation graft holder and, co C s |nserte

accordance w FH- A8 précibirgh é’ﬁPB‘bﬂ?ﬁ"e h"B]p ﬁ r‘?@%‘ﬁwgoﬁe %%g%hP 2003
Fi 9. 25B g)igts fpEhs ?&Idf‘l‘“fg Yie¥nQhe Y is ﬁ%tedr'sluﬁicwaﬂyﬁhows the si tuatl on
after a tip the scaffold of Fig. 11 is retracteg sh ovvrn spi ke

engage the t aFigst 23432 illustraty a“??te@ﬁ'é‘(ﬁscc’@ﬂ?cff’rcﬂ? V‘?ré)?@?te%f SR R | natl on

of Fig. %Hﬁ cBor@drRs with b QFdIBEEdEhibbdii@nt dTehd iay@tion;a knife and
pr ot r usi oﬁﬁm aﬁgjéﬁ’ g gut %hrough view of the scaffold of Fi 1g. %r
n the

show rg a peg F@S 300301, wikipl PorrespaTidete Figsa b4-1DnBusteiemn dpastemgsis
| ayer 1s gﬂlq@&'&{ﬂnﬁ&%ﬂg liy accEfdgﬁce va O;ﬁ'gfgrréd rHidfrAde oftiRe inéﬁfoﬁat Ive

connector ¥ Ver em Usi’ng a peg-base litti rég mechani sm
accor dance " wr Flg. ammmmh ccarebsleorﬂe(@h FignlF glows e qom@mfr Aigs BOAR 0% dm@%% 30D,

whi ch Cordfg?sgrgpgdt&gcc%é i 4 Bl Sk 8B eAD ARANATES | S connect or

adapted f et i oh I'n accor ance with a preferred enbodi nent
of the invent iFg;31BFwgich 3drespudiisah F@Qmsmmcmmlﬁpéobmewmmsﬁem

connector of _Fi OA- 30D,, duri.n , In accordance with a
pref ebr e&‘@%ﬂg%ﬁﬁp ST R@IE%P %%9 lﬁyeé'm 1B, which corresponds to Fig.
2D, shows a CQ‘?A' ¢t 2dnOBIB Mckﬁﬂﬁ&h@ﬂﬁ&b@;gsl%aﬁ&ﬁ@h@wddmt wiewhofghe

preferred enb ment _of the inventi on; Figs. 32A and 32B, which correspond
to Figs. <9pnesid oBHesAW38P) ayout view of the

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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connector of Figs 30A-30D, Figs. 33A and 33B illustrate a {mgt Hod gf{}?
nounting an oblique connector on a graft, in accordance wth a preferred
enbodi ment of the invention; 20 Figs. 34A-34F illustrate a self everting
connector and a nmet hod of deploying such a connector, in accordance with a
preferred enbodi nent of the invention. Fig. 35 illustrates a graft’ having
an anastonosi s connector enbedded therein, in _accordance W ih g referred
enbodi ment, ofb) Aidhd enertlicamocedwi, Mdgn syae pmbeimpnis.dar wbpaRH3YE P SBB’Fi t eal

bypass procedur L N aCear b L@ RS Rfaflsls€e 2l Soedidpogie et adf tHehe
i nvent i oH?“E%ﬁﬁll%B%?E‘g%&l’gﬁﬁ%%&gP%PREFEﬁREDSENBEC’I%l = e ng an
anast onososn@gnnecti on with a coronary vessel may be a first or a second

step of perf 0@%@% Sgaeg%é a{sl?s"t (%g'tﬁee&a?‘ﬂﬂe %ﬂﬁs?o@n&@dcohﬂ&to\f%slgﬁvé]f)fn it 2By be a

singl e anast onger process, for exanple en connecting a
LI MA @r a@idninMbn}, es amdfmaldneabedy sl desisidde- t 0- end anast onpbsi s connecti on.

one o more. of Dt EEBTABET e ZERL R b5 OrpE vESTE (Rl E thabrRaaaPe !
ﬁs pgf:i al Il%ﬂeq;ts@gt@gﬁg 11(1123?5 g@ﬁg igcéaxﬁhgomaklosd wm&igfsa:aiflﬁﬂ. are dijf ficul tdt-_o
andl e and stretch. end o e procedure, and in
some emWQMTWSMSJﬁQﬁ@&Q‘h{%PwFﬁE procedure, the tools used
for performn ng;gt hes apaASKAIBELS iBidafltho phitstawbhrnghatdmativdicvive 10CCaT onary.
(c) It is generally not desirable that the, anastonotic. connect or be.l ong

(in an anipeors enbadinemsaf hepsesantinyrofel I ORSTISRASPAFEF S 1 S FuePeq. ~(a)
1S 9enerl ki G5 Lieth ifuctFR s oRidaRDhRRGIP ks of 8 aRbE alehpat he
as |

coronari es, e as possible.” It is thus useful if cl m'ng ‘ff t he
FERYY

bl ood ved§&|Gptiosally ephiedity Thapemyeel LA rmrEsh 41 ¢ 1A-1D

schemati cal.l.y il ustr 0. RASHS Rnkteucelery ke is100 of
to o pr ePar S s, ddfeck BidyhcClonted BEe BH oGS
i Sonet r i amamediyppet.i Thas ahe tital ameunt ¢f foreign matpriakdn ti kpdy ig prefmdly sdpsedyst rat e
aring portion,1 referahly forpe | I stically,

Opt i ohal I(éf':“oﬁﬁb'l’ 8?2%1%%6’%?“??8% aﬁrrgas?gﬁ%(pg‘!rl&e%r ;&P %ﬁﬁi ﬁF{%ﬁ%m;g%% ar &l enent .
Al t er nat igylioali9) supadieasticaiyadr wingt shepe-mbubrar Aebtberepassintyyadyentpgsr ¢feingf2 a mesh
or another constructio

O ot LB Y B O Bl
el ement  LQ4s&8Bedmddivahl YataRaaeort oep tink afot exafrpie i€kmvpselsphlagei cal |y,
' 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



el astically, super-elastically or using shape-nenory. Anqtgn?gppﬁ@i bly
advantage of using a nesh elenent is that the anastonosis devi S nore

fl exi ble and can acconmpdate variations in tissue geonetry and can even
deformover time, for exanple if the vessels enlarge A plurality of flange
el ements 108 are preferably provided around the circunference of 20

tubul ar elenent 104. Preferably, each of these flange tﬁl %ents h%ﬁiﬁin‘ :
aper t ur eprdefiedader example raaking the erikes agtalipelpgic fWih E5PIEL 'UPR AURE SFRFSSE bed

bel ow) . tﬁ%a‘?‘%\#ﬂ"i ;g%%rleggo dditionally, these flange elenents function as a
fl ange over 'ch a bl oo

) vessel is everted and/or, other 'sedgt E}aﬁg%ed to.
ptional |y, thwmehtinigeking derdernt is poTferebls achisieri by RBPURBA T PROMEIE BS to
engage ap, everLe St tehRat 104 oweterafidithdr Gdolinentsfer f | ange
el ement s° %%?Q/Sedjtsgﬂ g?%ﬁﬁgggf%eﬁttﬁ%@ E:25_ element so that it does negt .col I apse
radi a | yexaipiesif thééockingfdlermentseiigaepbtes iycladebipriaes of SFeRmPLss of 4 BHE cases,
the engagenent i ontact , 1€ ¥an &0 WRHiiBEhilly Sthe
provi ded* atFB'TL:L glfi?f%{n@,e ?‘F’elngsﬁac‘ynl?en%egllt ﬁgh%“agreﬁ"é%gﬁh@‘& enen 1041,1 us?{n(fzj gl ue,
or as a loglEH teledfenBvEan Hiean covear thbdlafigeafogethen rqsbansafartaxample] Bdlei Alel enent s
106 are preferably provided on tubular elenent 104, for 30 exanple on an
opposi t em8HRfEISEdiElt he f1ange el enents, to |ock the spike el enent s in place
when anast onosibs 1deMmia® ilifratsa i@yt 120nprafepbif frmetio fonieli 22eWVingf t he

invention, the |ocking elenents are_elongate, so tha ' t

pr ovittlesa pbelitalofspikes T34 alfached é?ﬁ@cg“ f‘(?r‘%%ée% ?I%%q(d? %n& #Eﬁés ?nvérg{r%g’ 1!rﬂgl ative

elastic bRP oPhetrRe i Piideas ghiat: the thabahbnlaeblenent 1(4sitio astedheveveyen

after locking. Alternatively, other types of a iﬁl notion alb Wi .n ke

nmechani sthet m?mberefq!@dl?ﬁ(b’oé}mﬂtz@é@eﬁ?‘%ﬁ‘ﬂ’e‘&eofzé?t & HRS PRI K %aldtsﬁle spi kes

axiall'y g},@gﬁ 480 &}Q&m@%ﬁgﬁﬁm&%tatpfefér&a%ﬁfoo@imp@ﬁﬁe inentiohspieaetion0si
n). An el asti ckin

connecti ‘ % device is preferabl% achieved bg 'E‘r’cbp/i di ng
or placi #20 tsheountdidnring mirémeHEdydnssrtig seeibph PHes A P4 rEehe 1080 PSP enent
104. Ho r,.in. other | 04. B Sx@RIb&nichiatibgs, hagsicigneatsement s
t hemgdl \\,/\ggf?”%‘é? ﬂb‘@n %Irl% ?gﬁg&%?ﬂg’?téﬁ?gﬁi ses of qur? elea;ti C rragtcégri al, the

| ocki ng eb®areppen enelyd, baherdizan cldsed, &5 shoyy@. or even on the fl ange.

Addi tional ly, _the locking elenen oAl ven NGALoBEs fdedRge100b0fs Ot her
reasons, for Bx&nPie ?”e#iferﬂ%oedé %gt%fith%arr%tv?glﬁﬁ’l s*Gesired. Flgs. 1C and 1D

i | ustrabgembRR) ke ppikes e 1RGhedptiebeghaltiey apeturesd off clasedi Hange2glepatitng 10

a plurality of spikes 124 attached thereto. 1n . e himgpt  of
t he i nvedyieBRtivelhathe §pikas ey b(?fsq he | °H§h '8 & g’lzﬂg%t ng)P{eeg? Ien‘rgg?ﬁlgn’ t hat of
t ubul r %Pﬁﬂﬁ%@taré-%_thcl sidek of BtfRephelv@ves and dpilat partiors Uifeis praisd oat ring

S. 0

nmbodi th t , h of ring.porti '
port1 on egioariS2rimaristhy tes pekaprer 17 oot VR B e GriRke”
i nventi oy 38 ok On _ _

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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120 is nounted on ring portion 102 by inserting each of ?Ei5§§ %@? t hr ough
a flange el ement 15 108 while sliding ring 122 over tube el enent 104. In
sone i npl enentations, flange elenents 108 are open ended, rather than

cl osed, as shown. In a preferred enbodi nent of the invention, when
anastonosi s device 100 is assenbled, the spikes are pushed through the

apertures of closed flange elenents. Alternatively, the SE' kea. Qar% be slid
i n t hr ougtecass. Hpwencncelastin plase [sBapeapasenty Aachpther Heehopea baes t;%‘m P& T6¥ t he

si des of 108 Bl SRt kEhPRKEARA. 120 is nmounted onto ring
portion f&ggﬁya?@%gt@ lgggﬁﬁiénslpi ke&gortion 150 so that  the, sqw_gg? enter the
| >

flange el emenFigs. 2425 sdhlsmpticallp fhwirsig the ORFWB'OT&Q@DP%OIB?%?WB 4t Fvel y
rigid. Howeyer ss%sgctﬁogﬁ%subﬂg' S0 s, MAGES0LiE Bicel R defr RS nioRfkd bed t o

mai nt ai n %YE SR%pe, but hai n y assist i1n retracting spikes 124, the ring
25 may berafathy, smhethéd exiikd 824 transEirsidl phrtiadlyneyeded potden A3hef o 2 4fa(F-&e open,

however, it i r.ef er ahl closed ring. Prefer . | s 106
(Fias. LaveeajeS sandelip B gulbizer P FoSrE st my WA ML fodl SRS
them | n;aRuadhéErd@oivhen BRDIBIREspikes bleRFaigRZnddbyshewngirayiec] 02ypreferablye

spi kes connected to jE)arts of the sine di stgl fromthe flan e.SSTt} et When
the ri ng bydlanseaements 108; Affer thest He sEighiened opgurgg; %%raigglzfnf?&ﬁ%"g St wany

di fferent, desiHng préfuly QfansfixBd By BHE N BY bEke GpiRediAmRALatiedly, o BowmineFigi on,

the spikes are curved Ihwards towards _their ends and hﬂ,‘;@ a g@n%l entd 126,
with @ $Hathp spikptinpgansiin vessphd 32 eis8 BEfoEhibe sPIESRETIICNY O SIOPHEEE  bel ow,

spi kes 124, TB¥ed %{U%ﬁt s oM, Shr FRBIE ULV Rikh fHRCoRinkemd/s r ofhervld y
super - el ast i , 1IN hat® the spi kes are pre-forned to be bend and are

mai nt ai nedometriallytmalil ¢etconmsdtiorohervesnitiaa tlond \estelsng at | east part of the
depl oyment 171 i 7 & softle 28tbbGimeRis @t leiivés hape
menory and ot &3? e&%‘gﬁgﬁg%@%%‘gégg %Zﬁaléﬁgééﬁ%’ay_soal SO _bemgr g??i ced in

pr ef er r edn@vaaditheniscahedidrepartnve sbine embpdigents 2hisxpotionHapidss dgracfion of

illustrate the operation gf .anastonnsi s Vi X ' LN
crossbse g‘? %ﬂq‘ﬁs r@?té‘(ﬁto I"—Lfséa 15% ‘? ﬁeorg\i\%rtrlg% ’aﬂs??gprlr%%%gel@%ﬁa?gg\{wo% Hg?‘dt%rs rcnibit;‘l is
mount ed QPacd relati @ taiessdlAB2 osereh afinateda spi ke 124 transfixes a partially
~everted portion 134 of the aft. (e.q. vert €sSs: ) this
enbodi nent, t A<M %@%ﬂéﬂgﬁ%@&%ﬁﬁ%a hmt‘ﬁ@?h \Lﬂ?es lk%'p%gg n%ggen)ﬁ P}s&a?ds'
retract eday §sen$lpOM¥B ih PheFthuget vobisel lag be piidedsd durtngsthe aisghive néthelspikesher thé ng
portion 102," preferably by flange el enents.108 er t .
st r ai ght esmikgs oyay 8 PERJIVHES, éc‘%rreéi“g]’ilfgﬁiaﬂﬁnﬂ?%@}ge'?tﬁ%{f&% ‘%glogg%ed%%elpe 132 is
pr ef e%oabl %8&%%{}?{3&6%@ R34, bdrRRarkg8 Ring! thRicaAbIces or BY teipeadhiry eeyting shapeshown

in Fi e spike tips transfix_vesse| 132 even befor h I kes
ar e unbemmemony fommed sgi%m; dsiltﬁ@gqi\gz}y, bent end 126 may be élharp enough to transf?x tlﬁe ?argeP

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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the spikes flare out as well, for exanple to w den the opﬁr@i ggpag{g,gor to
otherwi se geonetrically nmold the connection between the bl'odd vES%els. The
ef fect of strengthening the spikes is achieved, in sonme enbodi nents by
relative notion of the two connector parts. In sonme enbodi ments, this
notion includes retraction of 15 the spikes relative to vessel . 132.
Alternatively, the spikes are maintained in a fixed position in, space -

rel ative dxposedsoairevtBlthem w@tchingauvethwenkartmi, gissup @d dpgaging ite 4 Hf3% nat i ve
to Fig. 2A, i,n whi t he | Kk I ' N f@sel @6 1N
the tar gettRPgERsafs %ﬂ Wge@m%aéﬁléﬁgﬁ%r@% dtg ﬁgh‘?&n%ﬁ%@%ﬂh%fé&t‘ﬁ%&spi kes or the
spi kes mayanbikebehé piereirad the viessel maxpbqphmuply oihmenbs past Wegy-t ube. Ot her net hods
of bending the_ 20 spikes. may also.be use f X g, t Worg!
forces, or by Ft‘%nﬂgrlataulpéant B ‘ﬁ%”§‘ﬁa%oé—-gdnrréerr%r{31;1 ?%grakc%ﬂ(:ésfgﬁl eg.]ﬁéﬁh

Al t er nat | d@loimdaest themdentidh. may be sharp enough to transfix the target

vessel when the spikes are advanced. ti.onally. ti 1.S4.C d
agai nst spi ke F1243B d¢ 2 Bl l2¥eHy oFo@ie, Ogogfgh i aﬁr%%%?%.va}hn(g?}%@%?ﬁrred
enbodi ”Eflcfmﬂaﬁiﬁéﬁ?oftﬁyﬁﬂéﬂtﬁﬂJA RSARY oflopRiohdd opifey $24larebbowrenaimgll@2.usi ng 25

bl ood, saline solution, possibly through its. |lunep an ossi bl y. thr.ough
openi ng 136, JSdes AAt4D Hikerajmt F’§¥h(9f1 W?é@%‘lngl@?lga?%“%ﬂgt}’g%ﬁo g e‘rq?%g 122

is retr actgﬁq%s.s EI\II'IE FI?EUC!)M&H(JC%M Nt RheMBRbciREH opiRfigveatiby, sonpagsichle ring
| Kes

and/ or the's , locking themin place. Fig. 2D shows .a final state in
whi chits pi shewhiipesrticR8toolc bt arefersly engdisUPHe bt PaTRbE e

el ements or..intg,the fl el.emgnt B9 bl BedOncdh @Vsengadel Bdnirik atx®, i n-
whi ch spi]f?é“?nl plg'41 %Sﬁé%g]lg h@Fchgagg nst tehgnsi de ogag:f I agd e el egents.
Possi bl y, Alitieativpivker tddisonabiy,t tieg cogagingcporiion 1FHbdRAAGRSAIS tTEN &2 QR ES

el ements. It | oted that by. c g Lag { hRUERdver) i0f pleft@red
anastorms'i“%deﬁlé@i Ig[ényamal?ﬁg onglrgseggér‘?‘F%sﬂﬁﬁ 1t4?§§ecl%%§81_bchn be haq% to pierce
or to notembcAiBent OFaht eavepod, i cnpagkB44bfcogprses 21 glurality toff Singhrst Wigeh ¥agn nay

transfix even everted porti 134, in.a, pref.er ' t

i nventt onf,e“fi‘it?i%a"iaé’ﬁc‘é‘? gesﬁ?}tlg’%&%p“?l e ﬁE aﬁ%&%et&%%s‘gg,g%ag?g{/@%f fit?lge(:amm
cat ching a{gagﬁs@?émngsqay,hymatﬂhs}sp;emadnﬂmagfmmﬁng thhdeg 12 sone

enbodi nents of the invention, jncludi n}% t hose de %ri bl%ci;iglﬁv{tglgrﬁ hggei n,
when a vessel Yhen fipgFeiiestelf2 isHeirasicd: OF § € PhEVESSel S may tﬁr_ough or
it may be%ﬂ?@stlzli‘@%-alsgir&ract%& WherbthPtebctlon YOsuicdnt King g2 Brengaged P2 Jockng
accordance wth a preferred 5 enbodinent of thﬁé({wention. Flg . 3Buks a

pl an | ayodemertt 196 Retigrally.aextepgon 143 gL E8FHH 8 Rrexenty gegryed

enbodigen | ' i Mhatbaclel, Mlowdiat dog@adonogfamiong® 4 pRfared shown
inri rzlge1%§gk%ite{gé§1.ehﬁk-ﬁﬁ%ﬂh?:aftﬁétu?!altgé@% met hovdvg%E_ retracti ng,a T n% pQrt I on
of the anasbatimsitof deinvation, locking element 106, when 1t engages ring 2, disengaves 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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of Figs. 1A-iD, in accordance with a preferred enbodi nen nqc:)f(‘.— hg nventi on.
A schematically 10 shown insertion tool 140 preferably intl¥r J ring
retractor 142 having a ring engagi ng portion 144. Ring engaging portion 144
may be designed to engage openings 129. Alternatively or additionally,
ring engaging-portion 144 may engage ring 122 fromits underside.- I\/any
variations on ring engagi ng portion 144 are possible, however, in

pr ef er r edool éiAbpthironzhtwitth theetopheasnhs wmovesh fagethe B4, d@ﬁ?)ﬂ?es@é“‘éfn?ﬁ‘%fsal ity

of fingers h when 15 retracted away fromvessel 132, pull ring 122

al ong wi tcﬁmP An advant age of these fingers engages openings 129, is

't hat the)Lqm:m/NGe a rret hod of advancing the ring 122. Wen ring retractor
142 is retracted, for | e A shown : kes 124
are also retr te@fefw n‘ﬁ%‘e’t Q? ‘ire(I)ltr#“?st,]&:el s]g‘fl?]ﬁb?cgéftl Bglro‘%laggla&g?ns@gr?gaged
by a lsockismigst rRigermens sildhfly f@ibleortahllqw some sheplengl trvatidBorsfinilavgleanelodly t ool

140 prevents engagenent , of _the 20 | ockin nis
retract ednd gceRing 86 %Fﬁ’txl%tOBf"ﬂ'ﬁ’ﬁrpﬁsgge Pﬂ%ge% g%%éégoh%rﬁr%&%ﬁ ?#Edoof t he
i nventi Oy s th@fﬁﬁbteﬂloﬁk efn%% Inlgﬁseﬁéﬂé@ Bmlra]ctdtmaga:@ﬂ:& mvamgoﬂ,:mq ﬂdmtsmmgsa@eb t he
engager or exanpl e ushi_ng the en e [
A T o ot ity desind SeNEF oL IPSHE G5 5EES TXORITG U BRI 15 F Rl by
prevent i s i £46b Eau%ggés% 3?&' osis. REGRMHRG trmedﬁteﬂdtgethrwexmmyudmmﬂm@ 'n

and/ or advanci ng the 25 spi kes

| ocking e Ehent s so. that  they
i nwar ths. tPuststiohs/in Hleod wssebdiskness 2pgng;plppd vessde pmpng paticgisapd(pr ‘Pr?éﬂ’éggﬁi kes

retract fnom el AfusSAONM; %21}5"& prc%{ﬁed'lﬂ @i Wal € b ek aRplROBY SfNYr nedre bhe

i nvention, en retractor beck further enhgager %4 i.s bent

out of thﬂakwlob}ymg efenenis U6 dilex{bis, bwnnaiq@thglﬁr elempeqst 104 %fa‘llbl‘i
retractin 324122 lly efgecgwlngn&/&e df%ﬁtnm}% éreg'%ls(‘& tﬁ@qpﬁ(m&hm fn&er ti on

tool 30 1EH singl e snboth action. Fig. 4D shows the
conpl et edexamgﬁhoaamlsddsmﬁfrtme splkmmcltlﬂeom strongl pottir®, ffay qﬁ@ﬁﬁ‘?e’é S pEvaHdBFT spi ke

124 typically, .Qut not necessari by
havi nzfpl kase, 5&%’&“5 FPFIRB &t Haltyr% ’lebnghlg% r?(?ﬁ&/ th%]glsgaﬁ%e??ttérg?%gé g%b@gg{ﬁent of
the i nvenlt,blgﬁgeungg{toitﬂﬂg tmes not surround the graft vessel fromall sides,

for exanple enclosing only 270 thereof Thus the side
of 19 1 0 S Epapyigsd %Od%wl{]ﬁ ‘(’i’uﬁt‘rﬁloﬁtﬁpg{ﬁs gﬁ?ecca% }%P%IH ved from

the graft6e@wiih® RI'aRl08R5d Seské 132,30 Hae thetk is p@@ﬁamgsno contact petwbay thed
enbodi nent of the iInvention, the | ockr n actr n I(é')% ! ockgn% el eng{é&sfog% 5
agai nst rspigs Bng thesblepd g Jlopewst; e @res ‘?zQPI Fret BIGNTORY regh!

vari abj ong | ?elag criBQPB0Y, (dvasARedsal | y to avoid applying too much
pressire on e bl'ood vessél portions conpressed
COLLARLENGTH

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

1t 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.

20



. by the anastonosis device. In a preferred enbodi nent of tlp% BEVEZ@ on, the
flexibility is set to nmatch a desired range of pressures, for e r%pl e, not
so low that blood will |eak and not so high as to cause tissue necrosis.
Alternatively or additionally, this flexibility allows adaptation 10 to
variati'ons in blood vessel thickness anong bl ood vessels, anong patients
and/or in a single blood vessel. This flexibility may be provided in nmany
ways, foONKRHICE ANASTOMONMS BINECE  maki ng | ocking el enents 106 flexible,

by making t abﬁ:gag yig %&%‘ﬁ%y%%fﬁ'oﬁé ggk@ andRnlHBK idRdice 360, ke Sccb2thnaxival by

flexible and/© ent area 126 of the spjkes flexi&de. In _an
exenpl ar pre@edcinvdiment bigths pivketion; Acturberine sfemp gplF {9 Bat ok lgs. éf@aﬁ‘?'gl e an S
curve at eir 15 bas i i ' V&6 Yeidks! Snadtvanthg dofodi fy
the di st éhg’és% entuﬁée%ﬁgglil%gﬂf%S?I?%Arg?}gb&?%écit?ﬁgﬁe ement or i ng 122@, In a

pr ef exr ed caepiecs mmarbmodis tdveceiinthemeduction erpiikation af apeedda SRIKTOR e yeIftHE
bending area 126 burrow jnto the "sigde" icceS @ i Hgertbhere is
pract i caPFgRIFHPEOd ¥ RRIECT A ImBHVEY & aés%ll né@’;&%gwi/ﬁggﬁpgég&ﬁ 1 ovy.1 Hoy\lfever, t he
Pr essur e gpp bieisSiBiskkelySio [Eeefosy iahhy patients! iklgdAlsb,oms onbOomexieqs| i Pesidgéscr i bed

above, toO prevent necraosis. L LENGTH. _Tuybul ar el 104 S as a
col | ar mﬂ@%%nﬂ%@?rﬁ?ﬁ’sbed‘g%eggalgg‘ i#8 CTE?JIF%§§ kb4 %g%@%egs%s d éit%{%ﬁl ength
of this l%ﬁﬂirlg@rzzﬁf%\{d B85, & e Ck@hplhry chibOdisieht shbivhj dpyingd 225hee ased Sorchowiig.

a

devi ce. preferred enbodi nent_of the inventi. t col | | S de as
shor t10as rggrstorhppthe pikss, tapd SEERSF A2y PrEYeesyn F}Eﬁﬂg’l Wﬂgiesggagéttﬁeo? ; for

exanpl e af L&l 3f}}§tré'?:{~1@1? IR 'Kgﬁ"iéal AV hEMe lafastoh@Rlsieeide, d dpildddl ifl abbencrdttyd t hat
an oblique connector (as de

escri bed bel ow) can have a general | | ower
profile medssing ve is@stokiated| bR 27e¥den the fiudif raleﬁséﬂn@?isg%“?éﬁsa%a&?/%ﬁf’ﬁ%f t he
| nvent i ot B B sSHE TRALAR rhifucledBY &z find iV pod 220 ngRereBpapiRe bat by

spring. nastonosis Is conpléted, the elenent is rel eased and the
col l ar canitlenirg. Optionally, the contraction of the collar provides the

ok elD T hoct ok Hlemefl SRR fnhlin 1t SRAPRATo St DR IMODhplasille

bet webn the t er structures Ich axially contract, for
exanpl e ajefdried, siagehanagticllgdefoenedssed. 20 10 SEP 2003 ONE Pl ECE

ANASTOMOSI S DEVICE Fig.. 5 is a plan |ayout o ' RASIBORSIyS
devi ce 200, - i nA‘hé’E'é%‘r]ﬂgﬂ’&gels\ﬁo'irﬁq‘gre%& ar eeré%c ({ee 8’3?%%€?@g]?vtﬁhe iﬁrﬂliven]tyi on. A
nunber i NG, $&e PR videdtd BEvenoiht BpikesdfontéxgendirgAoa fid on@BhdyaRerd edmctedbed to

5 2 'one i ece Fiah LYY Sredus FEGTIUEE HAP LRI R B Ly s a2 07 o
to copjrole pteﬂﬁmﬁﬁé &t hsStomosis 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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orientation of two pieces. Alternatively or additionally, ﬁs %@%ﬁﬁ is only
one piece, it is easier to grasp and is less likely to d% § S % t he
patient's body. Also, as only one piece is provided, |ocking flanges may
be di spensed with and spring action nmay be provided by dedicated springs
223 and 225: In the exenplary enbodi nent shown, springs 225-are used for
the main 10 retraction of the spikes, and springs_223 provide sope -
flexibility Wig.WA sspehmatio fustrationaafts sphhipiket tDoOnABYTRERD 600D BFOTEEE 1 ¢
use of the anastonosi ' e il ana6dishyefo@blgsédron its
gh apr en'fg%%{b%\%ﬁjrﬁw cﬁfghe fhveRldkeTrHiS dpiks cadhe By g

associ at & en t stud 1s rel eased, the springs. r % Ct}n t he
spi ke.  @phérdoaypey andstoeotipickandctor,f for caspmpleyasy daseriked dg %T/g%é‘g’ 48 t at
poi nt 229, where.the .spi ke has | C | & SHbReRE, alid abf \éFike
enbodi mefifclosie P Ficty Az ]%ﬁprl%%ﬁaetgq \;\lx%gglplrsfnwgegbgef% and 273 | sqﬁ%asti cally
def or yredeonfigirafon hbabe wkd Siriodat byasdebte pemectors Antarsefgred webddiegent of Hvt

required in a one-piece vice, i e.. | | e istop is
provi dedmf’ﬁmﬁpé'\?éﬁg‘“ e Qgﬁ isogd f?é@%@%@?ﬁgypggg}mg%@t(t)dngg{eh@%’ kflaef exalvvgli e
retract eg. nfob&s- diSbcting 6B 1@t efos ieslerting tprésoure Ugithei nawreds of axHy aliest Bfosi s

area, showng a nethod 20 of performn n anast onpsi [ 0g anast onosi s
devi ce Zﬂﬁﬁfomﬁtl‘é%ﬂﬂnﬁfé"rsélgﬁlapf’ﬂﬁnL{‘%%"Iﬁ‘@%raz?,excﬁ 15:?‘5?%%:1 gés‘@%rg very sinilar
to that of Figs, mfbedtin pRHO8B]a dhat2526aas MHOSicsimde254s Srdebly she toenposed of
only one piece and no locking is perforned., |n, thesg bFi g(fd otf fr%‘@ﬁ? ;208 i's
showno belong kmekehue peneiatsota B &g, (orother pEAaD nfFsies PHtS SRal™™hdvever , it
may, for ,ex 1r i+t Ress tRAHBS & tEREMNAEH hPone ¢arihiegglostibly ti ps
25 228 o#ﬁfﬁ%&’@c%%%ﬁs?%ﬁﬁ?m e to nearhy F dy Istructures and/ or
al | ow pi nahiplageromay elas be pravidedl sEugkepips 3@3 OF s Epieh P g’&f@ 5% 648 S9Bi kes

. he : . : !
Into t eﬁ%ﬁ%‘i‘{’.ﬂ‘%eﬁs 1?)}6;1165\1}3?%9@1’ vy gplké R BPAS BR0SHS ARYhAi0sly Lo QddnichalPhs a

degree o respect to the relative positions aof the spikes
i s pref enabtiyedabtlowedhe duckdmsg ris bled atsdves an rAngRPT cRERD o4 PAUBHERS Ment, the
freedom al | owed. i,s .be V\eeg q 1 ‘%gd 2 mm for exanple about 0.5 mm or 30
about!d 1. BEaSIAMORdSGRLINPE SFP'P¥88Gom typi cal |y depends, on the parameters of
t he anast onosimss préfeaeahbamingent ofitie irdientipr, the tnpewey ekidth 3d/%s Bd@FeWsel

geonetries_ and the nmber qf spikes. used t : [ .
ANASTONCEPS BEvRtee Ukt SHE Bl eiiooh s B Sot BRETErEEMIRs
illustration pf, apsp htsi®&Pikahiough &ienf ofjur adrinerio? 8BJuding eerdgratae 0w th a

preferred enbodi nent of the invention., This spik onfi t:] 3|
pr ef er abldgplpesddinfagy aorta 258,041t CEOTERAGE wéﬁa%?@%‘tegc?"@S%ﬁr{e%’t gf@gflg‘%ﬂtelgrgﬁ%l e as

descrjobedy i, Bed 39492 OR28er rivBQortallayers Qs8iasdt 260 (it intérmediatedaysor ianeld
her ei n byhre erence. However, this type of spike
SNOwWI.

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



5 configuration may be used for other anastomptic connectppsgep n%@
preferred enbodi nent of the invention, configuration 260 i s use ?or
hol di ng the pierced bl ood vessel together, for exanple to prevent

di ssection, and not for exerting pressure either towards or away fromthe-
anastonotic connector. alternatively, the spike nmay al so éxert such radi al
pressure. At a thickening point 253, a _spike 252 splits into.stti\ﬁ\o Dtfiﬂpees 254.
Pr ef er abl aghieha, tfomersmaleeby Sitemiien Gtobige d@8CR SHURgn PV IS Y PREPASF 2 (or
other "side") ,ve Rlesd £ARSErbes-skdtionalAohBuration\ie khat thiehyeyvido
transfix Slpﬁ(.e' ﬁn&ﬁ?a%a! gﬁ?ts%rgﬁ‘ggr Sof _pti nés, Ssuc_h"as one . or, tg%eed' o{)ssi bly
non- pl ananaximay stesgihbie P dostied etirectiun, orlsi prgvidmg Rexiihy By YPEHIBFU e split
serves as, a stop - whi v, 0enetd Abh BkePictin® BObiked vesdland ewip t he
aort a. AI%@%V el d‘%&%@ﬁi@?%ﬁgﬂoﬁeiﬁé as g’desf:crligbled bel ow, the thickening,
is al S0 used tiesblasd AoehAlso Pkt spikershaes iaputxredtertor 4eese less demags Bhdrst devi ce
during deploynent. In.a preferred,e imant of the invention, the tines
vary in vﬁOHFﬁaﬁﬁcﬂf&erhl?ﬂdcﬁfﬁsggghﬁ Benqgglg‘%r{sgtﬁ' retraction of the tines. Such
geonet ri cpXAMItARYEMBOPDAMENDe provided on the spikes. Fig. 7B is a side

cut-through view of a connector jincluding configurat] Oragdeplamed in an
aorta 256, inHgcHt d%ﬁdéa"\/\faﬂ’ﬂmao#p?“e?(gﬁ? égasﬁc%"é‘ai rcr’enﬁ‘%c'mgp ntzﬁeﬂrf1 nvention. As
20 shown, 4 LiNEesRBshiheH: df theaskhen. t wo aorta |ayers 258 and 260 (third,

i nter msdi%tg Ia&er ~is not shown, Al tefanatSi Vﬁ"llﬁy r aggei tionally, a benefit
of a fiork shagds Sk Réopener PSP ROTREIPLALTRg Brothd Y "S5& een t he spi kes on
Pamed L1 b, G P oo ¢ nes 1y be. Lsed

Al ternati theicgymmctOQS additional ly, ihe tines (or spike i tsei f) are barbed,
to prevent retgacl %} Bbw S usiPlidees - 400t Figngh,| howink ke RRitike plaseniear bltile al ong
its length, to provide a ratchet nechaniSm in which the spike can only
advance osskesdyom tiisiles afthp aupsiothesia dewdes 3 GHNEHIAy anast onoti ¢ connecti on,
especially i nﬁ%e?q%aﬁ?gltg'agﬁreﬂ#tﬁeﬁgﬁgﬁﬁgedaﬁﬁ e sgdu-fie bu Rye shdulRtnon bk ow

sone reélative Ween | the anastonotic conpector. 30
The spi ke cérsidefed Sietiinigoom ths cqmedter fabdtrerendodiotents. Birroprretrr soreirraPE gl e.
However, other, cross-sectipns may be u & FikNOAGHOSS- secti on
may be tr P%H%Pjaﬁnd(lé.trﬁl.“?ﬂoftg%feﬂtbng)ai’\?géo%é%%mlg@gs tﬂ‘gﬁ{)en&éi n the s E’i ke),
circul ar oval pfay SehpREUnatuf{eurie, methdéd) attitieck laser cut é phosinde Fig $heT Bend) .

Alternatively, the cross-secti.on of -the. spi ke i 0 | J | hg bend
di r ect i onPlafenisagiianf ghen f‘”ﬁ@e& Ao L %ﬁ%ﬁ% Sg%%%gén %vlgf%? )e%l té‘ér']hr% h of the

spi ke, ThicSuricaBr. P&e t8Bu1AOcoRRedtor2l (e mbiyemenhted on semandstle2@y petfanbly n

etching, laser cutting, cold working or tw stin f the .. spi
advant age exfandabiemeayidr Qqﬁ}éﬁé engagryle 8‘?"6‘%“519"3%‘8%1%#%??63%81}’1 %}legS B gﬁ%ﬁe f@ﬂ%%cgt t he

provide 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



maxi mum strength in a desired direction, while providing.,f IPpiLity in
other -directions. Alternatively or additionally, the c?o@gﬁgg@w?bn may
better dig into the blood vessel and away 5 fromthe blood flow Al so, sone
spi ke shapes are expected to cause | ess damage to at |east sone |ayers of
t he bl ood vessel, while being inserted. EXEMPLARY EMBODI MENT Fig. 8Ais a
pl an | ayout of an aortic anastonotic connector, in_accordance wth a5
pr ef er r eccoendoad inmyrite fofmadmd tive e mare different mgtgripls, for £XF0 ‘?’é‘\?ﬁ’oﬁ‘ec?%eo 2

connect or ggzrﬁlg:iergdten%ﬁ)r évgn QSE[“SQS%EEEQI ot hdd Srmor%%agé.rﬁ_ls!:i g. 8Cis an enl argenent

show ng tcﬁ Ing of two spi 5 from opposing sides of the conne%or.

Fig. 8Dis a \Alewmatilpugh donmeston-s fertefi ag legBin eadwiony 2HeEal OF IFFEE

pl acenent of .th spi kes .fr q]% ..khe anastonosis device, in a

resting s?‘%f?‘éaﬁs‘?gr&ﬁ%rﬁ?%/ﬁr?e&é%%tmnt sO?g]Pe provi ded on the figures, but
t hey shoul d nateReft ic presiratdy adallograt fongramiple hmagolReEtess o perighard vein.

enbodi nents. The copnector is. preferabl e bl | Kl ned
to the reltsmRiivpys? ?rogfafgm?\{ﬁﬁlags]inﬁl&dltnﬁéq’%ﬁ %Sang% EE{I\IBLSD %Qggmgtﬁlgﬁé%% n an
exenpl ar yi,gen uha0lcistd) On #BhB @hes, ahd tonedter ik axanted uh tas gefionisiderhebeyly, 8A (or
a plate is cut and then welded into a tube after being, shaped on a
mandr el ) BaESiPlyiR? feote BEaO8nnect or. The tubul ar connector is preferably
mount ed opgpr RATERT GIPANANTRIMO3E CONNEGPORBEVECHERNdr el that engages the

connector snugly. Thereafter, the spikes of th nnect.or are round
a ringonol d 26e.dfds suflomshartietiagxeaPlaRn PIIETSE 38@9@??@10%%’#’555h%vﬁ°§°§9%‘3?t s 266

and 268. DERIRY of thet GMrBh.ANRSY ivaEiQican oBVRA ptozedues hanbe
treated a‘-rjl; ta@ﬁgﬁg?gﬁigr ag{ey auer?ched, for g};(anpl ein t

er, Then,. the
ext ernal parfodneds forermupld thangraft mey beprayided thyengh & holeindhe chsshhioy: ?Bltooge]xarrpl e
by bendi ng. back §GaSBIET: dld ResP G 1R RO LriiRAE, @hhoutRert ilessento on,
HPR et Ve han i ni i

only a si t 1s used for training the entire connector. In
an exenpl esnyiectiono mar genevaliys rapied fordby brrass.tave o Mol PEMCOTOTRIEOTETEY “lised

for the spikes.is between Q. 07 : (3 IR FthdrOati 6t whtiARBiee to Of
t hr ead? coﬁ%iﬁ'ﬁ“?fd @8??0?’\%" 9%‘?‘5%%%1%?r8‘r5ﬁ1’ﬁ35a‘ﬁ£%%r. el'enent 104 ma% Fh;e
t hi cker, fiercoaXeaxph alistd). Bornitthe khaneargy onehpS thesconBections reays b ehiginate ECTOR

MATERI AL In a_preferred enbodi nent,_of the i ' : eQkafl 8
formed of SXGEPIGE PR MAMEYETY ‘S&?@@?}Efrewea?%ﬁn%%hggmﬁge ,a??gira ﬁexgra | e

stai nl ess,gheed fRlcomneBRby (BRY, wistnahe esmectorpk agtdhed)ohis prepapdish £&1 brdwe al .
Possi bly, in%idglt}?e: gc? yl; gi_(‘j ianbz|1 ?iifgre?lts tcclm%trly,s inua.S %9.5 eﬁlit%mseoeqceam%%gefhe ﬁﬂ]g 1iné3f the
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.
| 24



it 0 SE P 2003 connector may be formed of two or nore dif{f@renp pmperials,
for exanple, each section of a different material or even a sane section
of two or nore materials. Alternatively, the connector is fornmed at |east
in part fromallograft or xenograft materials. For exanple, ring 122 may
be forned of sinew. 5 The graft is preferably an allograft, for exanple a

manmary artery or a peripheral vein. A ternatively,. her_ qr erials,
i ncl udi ng syrdblsep (%0 hhobﬂwcheﬁﬂ’égleéﬁg%‘é’givﬁ‘fse]kh%’%%ﬁ%%heti%g%é# %Sq%%ay be

used. In. L0RASCESQ theSun®HéAthed. on the graft outside the
body, plggt@e:‘%ﬁl%/%ﬁ’ﬁa’aenﬂﬁ%t & |g€%ti orf?) DEPL_OYNE!\{[C ggﬁg@smvosg ‘}%i ONNECTOR
DEVIi CE 10 Fi ¢Thelfaft with tlfe comnesiards ben msersdan et PO E KEyhol e
bypass, jn accordance, r&f Slotad 1§ ubRdh Bt piridibeddpesitunthon, Many
vari ati ong QP Oélsbp%ggl u?%‘o%ée% %e ®derformed, for exanple, the graft may
be provibigereiohafardtis msérdde in t he chest, through a blood vessel or be

harvested in ,\t:he Ch%?iéﬂi% ier?%adggé@géﬁﬁabwgmbﬁpleﬁé hRUGoraingd 6amE two

connecti ons a@‘bogﬁ requir e ‘bypass, one or both of the
connect i gesceBt il Sorhd cipbsdiments byguiingcopiging the deviey Aacurrastey °b1ocki@Eng open

surgery. Further, at |east. w t.h respeci. J E ickrom t he
cor onar ythegisgicgin thesneey AopfieiagpR °hg] c@em%??’# ﬂ%%eg‘%?&?%%hﬁgigﬁpﬁe?ﬁv%c a

rran}ntar_y @{e;tggr)étew%m?ggma@xra@tim_llybypmvﬂkd.vari atiton is the time attvvhi ﬁhdg he
graft is prepared for connec e. d. e e ached) .
Thi s 1pr epar at Thtoehis then wHI98° bﬁ& gtés‘%ﬂée e%"ﬁ%‘?“}‘e‘%?’ Tlﬁér)\wazf?g'lslﬁué@s;gté ééount ry,
in a b TR AIHE, EXRHBY &Stron] BR oftieFEnd bfitRe ghftt Aieradivelyothe sel isdishanged.

f1 exi bl e, depending on the types of materjals. and technique rocess
500" 15" aitsrmitsil o 19 EriaRi AFTISBHELbS 15} it SR e iR e 0

taken of ﬁﬁ@&a&?@fh@tﬁal ey i@t ARad tigt frorh BB siays, padsitpriacedure is started
(302). This usual’l'y 1nvolves opening one or nore keﬁholes i.n e_chest

Nt

and/ or ot her Ghepioneys of making anrsapectiohds 1agAd ety ! STSRE Sk BPSed 25
and the vessel to bg b QL4 MBy=inot be bl ocked. A graft is
provi'ded °%S§63§S.° s%ﬁsefogﬁ’ g@%33g§mgg%\?es% ed from the patient ﬁ(sz ? .a leg
vein) or prowifeednd oohoth qoaeskhes. arT madenmyich @f (SHEYLAFBIECH KA P1} % he
procedure proper has st.arted. j Seakk B€y/@ 18 atsuteShat the

seni -conﬁ@%‘?“g@y8?1'?‘31“85’3‘3gﬁhcgé}%eeéé)gnn%(ran%sr@gglrggégﬁ?&\Meﬂ ch _nay be q%;vest ed
and/ or preRRERE ibpesietly tdeslokeal Hol esmpBly sheskriaediede spe ifgall EOWUSF 2B00) i s

For anas PEARSSY PN GRBTEerily BEBVBFL &F THBBTL Dot o et a e AT tor
{mmgn?ron?rg%ge}ﬁ%%ﬁﬁ%%ﬁpg%%g' glf\ﬁ,\m;egﬁcz or. Deaendi gg on the type of bypass, one,
The procedure is then completeg ?32%5,%@., c?orgmg 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



the patient's vascular systemare required. Steps 310-3161qﬁ%gpi lzgrﬁﬁne such
connection. 24 UL- | SEP 2003 In step (3 10) a hole is punched in the
target bl ood vessel. Preferably, the puncher is len in the hole to prevent
bl ood | eakage fromthe punched hole. The graft with the connector is then
inserted in the hole (312). In some enbodi nents, the connector is '

partially deforned or allowed to deforminto a parti . depl.o i.tyation,
5 bef or ¢ aom Atserves & 4 H0p RPN CNFHBLBFh BBTTGH Of E"’%@m%aagéé“’%(@%#
pref er abl y, b¥a ERTR Sl A Yideb hafl 8ea 140516 afbw i indled aols tbupliiapars ambiree

, Dy pu

enbodi nmen Ing or pushing the device. An_extra step of | ocking
the devi cam ehelogeli graficandessribéchelon.i(Bherspnfiguratigns ¢HGSIREYSUnnecessary porti ons
of the device. ..(nejthe RRtnaals ¥pdige Froay sedffold 400, The
tool is then Fé“fr%@é 4§ p(réfi%%&qﬁ%&gégvrr@aén odisrrent S, tshept ool surr unds{ht he
graft.s Te it adttacted\frdne itr @haids tinmniot lvmowe Hiesr toals o tWf’hémér"éf unng the
Alternatively, th ool is dis d eLnabk el Yererhhl® dr@eht dtfitisgl it
apart. Al "ceéioﬁ'ﬁf’?tv%l 47? apﬁéorgogbsl &%géééﬁt Hgm“/g%/érf Flgm the bl %rod?\?éssel o

Al t er nat i peglry thetHoel phing operatiat (as whichuiit fihie pysiefl tint tenpenchedsha@dmihhi | e

it is in use. The process of nekin nect. .l ted as many tines
as requi rai@r SO & GHatne ofler EaP. ‘?fe&?@%‘?%‘{%g‘g%“{?btﬁ?‘g%%“g}ﬁﬁ% 308 are repeated
as vel|. Aft ersonadiag ooy srefendbl incindesalignmen slotsanettsbpwot toQuenerly ylign

Assurance (QA) 318 iS preferably performed, in which the connections are
i nspett ediodls inspreagldatodhd/ or to assure that the connectors are properly

depl oyed. An eXenpd Al HefeRBG naR DI PRsEQ HoReverfit alay beds pf kel dite reprbper | y
depl oyed and pierce the veSsels_ they ar efmsuppo ed E}&D I{?)e t%etdi%gsdgrey be,
for 20 etalmDds profesabiy fopnedrafgighiplaghsi 3. W%‘“pt?‘?)&% LA S s et ed
(320), e. i thenisel iRl Bssed 8 baupld @algSstéizatparhahedskgowt eps  of
t he abovegg?%%igggf R??]ag’gogcsgb?lggﬁ%e vm'tﬁ preferred enbodi nents of the

i nventi oninthe &t.now descri bed. EXEMPLARY TOOL SET 25 Fig. 11 is a schematic
illustration of a scaffol VMG (N HRicl akel ifdeRediniescaffbldalos
durind’ a bypag%l aﬁ’r’%g%e u?%b%dgrﬁ&gggglrg ance W th a oref erred er]@ﬁdi ment . of the
i nvent i onare mkahinichQP splitabet sbky theparerdaacted, Hathey encloee theriplh [oRS ke 8k
extending fromthe handle. A part] f f midhbSic RbRdhd B tobs a

sl ot 404 ‘é%@t@rfﬁlinﬂbeda%d?l es}ﬁ%sg‘eln.%tgﬁléiys&taﬁgﬁgﬁlﬁe mscatfol d 400, whi ch

al | ows subsf 8okt aidhys dnifeeossiile ynewbicie firtns o paofpcaffeld ¢8Q erf hedPiEU N, as

g?s '? :ls C'[ : %ﬁg fu?slee{’?gdwtt?)%f is ! gfefeg%iyh %igeq Wb Wit ?ﬁtofort KoY CoPEEREM réthovahe

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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of the tool is preferably forned so that it can fit insid@gaggplgm@unched
in a blood vessel during the anastonpbsis connection. An area 406, " at the
end of tool 400 preferably has high sides (e.g., it has a nearly conplete
circunference, except for a graft renoval slot), to aid in maintaining the
configuration of tools inserted inside scaffold 400, as will bé. explained
below. In addition, 25 10 'SEP 2003 area 406.serves as a stop which- - .
prevents unIKﬁmm@@gmmﬁéﬁwﬁémﬂ%fm¥%8?%%G§mgﬁf%ﬂﬁmglood vessel ." An area 410
has | ower si?gﬁ%kgﬁgég &g?égﬁofﬁﬁb&bh&%ﬁ&ﬂﬁhhhﬁ@ﬁﬁémdLtooIs to split apart

and free an ose raft as described bel ow. Q. her confi i can
al so be used.InTigefa6®! snsbodinesme phibE ynveRiAT: ¥ BeHoR PGS %%5&8%%?%%@
separate.fr caf f ol ARG 4y hRkibR6E B61 4000 This, midimividg the §sk | me to
remove t eanﬁjcg’]fi??s;eﬁlgﬁfltségjg%\?egﬁ? or duri ng1 the deploynment of the

anast 9nosti dukle pastirng (a)Hoderde risk piinaygriens dgrageddabl y present starting
before the hol j peration (at which point it is pushed into the
punched ﬁ&A&Aﬂﬁwa some or all the other tools are r m)i/@d and t he
anast onosi s cQWRk 8ipedf pnchihf eleskentys showin in s ph24F B4 188 § DPIS PRURPES Hs‘fgnrrent
slots (not shown), to properly ali 1 0 I %r&eggném@ dst -with » 408 is
pr ef er abMifh gl athgs mﬁisagﬁisi’ ,ed%\lﬁé?/e}g)?e P%r%%%ry@bozmlﬁggje of nmetal. The rest of
t 00l 400, fro 11651 20@R: Yorfuss apsktak-aldrgitebl ghasme embedimruid ahibe HIVEHEa#T Tool

400 Do di ble. At ively. it terili d, f
eranny Gehnls o svebd el 40D Pt e st Ty Bl foiod 3k fith kiR, 1 or

embodi e 1 BE SLEReMhd10 B prewat Bkt el/@ne giidsartipetdsi nt o scaffol d 400
are nech%%}a?aslnlﬁgl g‘ﬁﬁﬁt a artpyvhen they are retracte ox%rﬁlg'l%}'ﬂ%@ ase the
graft. Thus, Hble pynetfer 42¢ sempstses & HRre 3VGRR eplEs {5 t'ernat | ve“l%: or

addi tiong| | chankicabe Sk bk By bk BSlit! Aelesve 426)is provided sadhettwignkni f e,
possi bl e% %és\ﬁ/%?'c‘ﬁ?epgh?‘%@h fp:)art]r of scgffo d 400 or of the inserted tool.
The i nsentbed?23 Bottrictedpthe fosgagslate Ysoueht GESHET: with a slit (or two) to
facilitate repoval,, 20 ALt ernatinel ¥2o 0skadl vike foagles) sy ppaimg dzeinstexanpl e
formed |ike aﬂgé E 12vl\t/}’t ogﬁﬂ%y&ga rei ng at th%dﬁti p to enclose the bl ood
vessel . Therekedl may be damaged by the renoval process so that it can only
be used once._ Alternativel (| Vot A8 iddGRE ¥k gllspa botiah HY8 of
def orned, so {’f;&'éfﬁ {ﬁ’%ﬁﬁuengésre%ﬁ%é%ggﬁ Tnto shape, éteri I?zed ﬁlnd. reused.
HOLE PUNGHERS4222 Brifabiypunstoimg tanghes! 424 hava bt gdgssiormed 8t dveai "P¥syes
arise, sone or all of which ane Qtreferably addressed by preferred

embodi me agacs; meEed FAARFRBHCIFSCURIGi di ng” a doubl e puncture, in which the
opposjt e si deppfiot e, udeaes isi fertlipt Peadacted dherebyle)itting onthoréeT 4%&8dver t ent danmge

to the blood vesSel caused b e noyenent. o _
The resulting vessel 42 w}t a puncheéTque is sﬁow% Fig. 12D.
| s that by suitably setting the

An advantage of some embodiments of this hole puncher i
er can avoid engaging both sides of the blood

aperture defined by tongues 424, the punch:
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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punch. 30 (c) Avoiding loss of blood through the punched: hobepP £}
Definite renoval of the excised portion. In a preferred enbodi nent of the
i nvention, a punching operation consists generally of two steps: 26 10 SL
P 2003 (i) making a puncture in the target vessel using a tool; and (ii)
punching a portion out of the blood vessel wall using thetool. In a

preferred enbodi nent of the invention, the potion of .the pynchi ol.,. for
step (i yncarvesselr422ys craaspst, @rasping slegen £¢dd shghity Selractssy ‘8|a"§‘§t‘?agﬁé}%f‘ﬁfoo|

400. Thu i niJd Z4 0g: j tHdeuRliefopdact uri ng (a) and/or the risk
of inadv%if“il‘rmrlniét a&niﬁggld%%?ﬁ%%ﬁézahgé NG

AND CUT PUNCH A firs pe .of punching
el ement is sHowfig.i I3Cricgsing Blemenp B4 spdyansed ?“BEH‘?C‘W@%BE ﬂ%'soéat S&ﬁlﬁ? %@% he

gt hg (r: a1E ?gflf ﬂ% tr%jtgsg. _rg}%ggﬁgg{h?%{r}meﬂpiﬁ, 2HRA36 Lurd 2 QouiB Yo leen dasdigordpiker3bse with

use as a stand-alone tool. _In eig : ﬁ{n‘q(odi ment s
of the i myesterabiy straiflitend sGlighty longes of the pamrciprsih i walbef Y& %‘6 105
(typically forcefull LOVEer ortian. pLangh Hi6ar ik@RieAgtion) t he
punched F‘@atf‘ff?ypf’g\?'\é\z‘wk lg‘ré%gsg(gr %etﬁgl)gg}rgggnggggiud.e inapﬁ; 42(‘)r81_.ﬁ@HoI e puncher
420 corrpi;iiﬁ@zssaas sitltle sHhpal andiic msepidiitte vesseld22 weing arotatigpdlynatiolr i ng out
t ongues

24. Alternatively, e.entire.tub split. A sleeve 426 is
provi ded so tﬂét13\91%’(?“’5'3’?%%1422?‘@3@%?‘%%“&@8%%{#2@1ongues are brought
t oget her ApdaLlPUNCH. 12A, a portion of a vessel 422 is engaged by the
t ongues, by pressing against the vessel. In Fig. 1 3 ddSn
retrdéted a sﬁ@ﬁl”ﬁ‘n’cﬁgﬂl“&ﬁ@ # REPEBIR H@Egﬁ?ﬁgﬁi %’%8%%%%@2?%?0 Vessel
422_ Pr e%aagjlréfm@smgﬁgmtggﬁgul%n%QA have a cutting edge formed on their
i nner surtace,

mount ed on a perpendicul ar section. 20.1n:Fiq..: . tube
423 is furtheassepyiotfig, [4pmaddpyie 4B 4 aah‘fdgség?fso‘f?eﬁg’a?"ﬁh%ﬁle‘})rz@s‘& ting
vessel 42233@4?5 a punched hole is shown in Fig. 12D. An advantage of sone
enbodi nents o i

this hol e puncher is that bé sui t abl y, set L ng Eﬂﬁavx erture
defined by toAguesvidFig.tI4E, pryilciods Punsher 46 P?fn%‘ﬁﬁ%@%r’i‘@erb RSO t he
bl ood = vessel. S g LR l1yg hRidditieRGagsNg0 dreprd atis
cutting A& %gafg%egglgf% &ggsmgéhtgg%g?g?ée@éu%terl gztﬁlqtﬁ@shgiv?n‘% rr%a% be psed to
cut the epgagksnaioelyicrddifiSnalROHATNGERAESHOF; the anvibmay s PREFSF AP o

process %Lttllrjlg ieggese}ne{yolgea&sieg'.gfmsv%i A{S% .ipmsgrte@{ﬂﬁ)meﬁls%p@i fhrough hole 444. Then, as
shown in Fig. 14D, the anvil is retracted until vessel 422 is cut between anvil 452 and cutters
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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accordance with a preferred embodi nent of the inventioni (PGAEH?ZEB0
preferably conprises an inner grasping elenent 432, preferably a vacuum
tube and an external cutting el enent 434, 30 preferably including at |east
one spike 436. Fig. 13B is a perspective view of external cutting elenent
434. As shown in Fig 13A, grasping element 432 is brought in contact with
vessel 422 and gngs it, for exanple using vacuum or using an internal

gr asper WGEAEW PERUNGH y, 27 1 0 SEP 2003 once vessel 422 is

engaged, gr a%ﬁ)% NG5 £/16PBNst4B2 héle Plncpbit 460 designeadtoch ms@tea\xmls@fﬁowa@vler tently
damagi ng t he

her side of vessel t he hol e ig
13C, cut4nip ascadanse wiga P@fearaééﬁ’ééé Wétjtgg IRYEEET) PQ&% éhg’n‘% %‘lgspa.er 436
penetr azégﬁ '4@2 h ng %%%dt:ﬂ%n& QRrBk e ARMe 46&4for$>ﬁb1’dﬁng4tﬁ6pmﬂlan¢aﬁhm ndethol e i n

vessel is preferably straig

[y |
t he s&arreenﬂemghfhp atp 46aefonaiercing thyddend) vease tg &€ tPHF‘g’ﬁg 117331 ttagbﬁ ?Ig vﬁé Rﬂ%te Le?r

S ke i Ehde b d bRod veaEl isCillidd, |fc|srpéxemp1etm| on,
spi ke 4 %Pss & ﬁg‘gggﬁapegﬁan D féi€ed bio sCll

Is inserted into vessel 2{21? I
r ot at i ongishin@tip @66 fd?wgrd dﬂ@ fsh@k@ngleélsélshm %tlﬂﬁﬁéh@s%g ﬁ'{j%p‘%ﬁc hed
hole. ANVIL P 4 r Ssovade 6 hedh anvi |

ance rred enbodl ment of the

i nventi mgoms@hmmdplﬁblgtoMS&@@C&HM@#@}D 1413, a sharp edge 442 is used
to forma slit 444 in

hatie
punch&r 440 cmtpgﬁ@cﬁrl? ?H’?F?Zerd & % i‘ﬂ%’ﬁt‘n ?1%61’%&\}1 rﬁgbgslrg&%%da%%ﬁé t252 1f or med
at its enm, ﬁeﬁbﬁpmﬁﬁﬁlgraheieemtbwhd&emm ng cutting edges 450 formed at its

end. Al ternatl ve addi tiopal | t he t hog edges and the anvil may
trade pl aces He- 1§ SPOW%EHnPhﬁéj]‘QB%éQ %Lid Qed Anvil 452 -is inserted
into vessel ‘iﬂg sy @u&lsnmgbzﬁex%ﬂtheihﬁmM&ad oSiimwh 460 ifseged in4afoldélanvi | i s
retracted until vessel 42 ,0. Fig.

is cut between an 452 .and
14E showwherhibe pashilis preeatest foh BEE foprsl bty G\fﬁel\]lﬂa Y BHEes fﬁ‘&@%ﬁr PER
VARI ATI V, d o0, t@breeaitt ths binghtdibeod Nesselsfenwn, but
coul d;r %is%zfg@g&:g&&%%eﬁgaéglbsﬁl rﬁsl?ertect:i ?rnt thep ldnched hoI anl'lgg
t serted

encl osi nglippingefpthefpancbiAp inelineds prfogbly arrow@% m gyl 4O RASHRHAR BT
0 e s B R el o, 1o o s vt
addi ti onal | y, Fighd 6AAuiné .1 6Balusiretede pmuvm‘ﬂgwtaﬁ@nh@qt-@peq HFWET)?gPr%tIW&lybﬁ
defini ngtlg-rétrgrc’gnagdhﬁg p;[nt]c% iSBbﬁ'l fccgﬁdgﬁ'e%th 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 ridge 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 inserted 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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Al'ternatively or additionally, blood |oss may be avoi di niglb§tpemfysi ng
vessel 422 with saline solution instead of or in addition to allow ng
bl ood flow. This preferably serves a purpose of preventing vessel 422 from
collapsing, if.it is weak or serves a purpose of clearing 30 away bl ood.
Such saline flow nay al so be provided through the hol e punchér-itself. An
addi ti onal advantage of perfusing vessel 422 is that the side tho[%h f s -bei ng
wor ked omd( rdepdndeny, Algmativaly.c BenBee ingiiPns anavhpe ARt ant éd SPESnTHe" ot her

si de of e vessel, r i it 508 35RAR thomblieh Sdheft si de
of the vé‘i{%rg?t?"eg’sﬂ?e% ?pgtﬁgggé’ggbg‘éﬂgﬁ%@%aﬁé% PUNCH F]ingsl. 15A- 15D

i |1 ustrase @ thoheiguichladenB0 wdbr gnelflfo be inserted in scaffold tool

400, in j ferred enbodi nent of the invention. puncher '

460 com&@é@ﬁ%%ﬂgg ving at a distal end thereof a handle_464, for

operagi ng t hepipurg ks askbving bhien asdembleB andd, t2kenstparipoblinge 1es pRahehPEb i ng

t he bl ood_vessel to be punched. Distal tip.4 : ' 8

nar r owi niyhicBgan e ysgd W@thoﬂeé%ﬁlﬁ Eilﬁn%lldéag ‘g"gE?QF"ﬁf"z’ﬁ%&‘? %‘glg,&i l1yé(35$'§’elxanpl e

by p:Js h%&grdtaﬁd% #06 of pemaed ,enibbdimenﬁ?baﬁkinmmgbm Theoformhefiihy hote My ba66.

Distal of narrowing 468, is an anvil_ 470 tipnal | vi | an

ext er nal ciEwarecllipiéeal 65 oder sharad\ Ty PPH’&OEﬂ}n‘i%SEEH%P%ﬁ%S \?/tgag é & Ifﬁegp{r%ﬁ'? he

punch t Oi[%}g@ntgtpﬁmeﬂér D0abimtisks4QRirallyl O Whebtet e f28dhaving ofrewatieditings shown
,

in Fig. ip 466 is retracted relative ta anvjl 70 re nchi ng
a holie i pdgehen bnerolenens §4. 2 Eirapting 67 525 Sk fiSURTYF W8 {{m@%%aﬁé@g%gcaf fold

400. Fi g, tré&g%gﬁr (Q%}llgﬁl RGILBBH adle, 1hE 2 RGN PRte £I80which pamrerbetddi), inherser t ed

in scaffol n the punch is operated. In a pre r nbodi nent of
t he i nverlkinom, 524 dgpingdhelfoanardepiting egdee, ispush ail@ledpdwsa{egi%g'g&g%ﬁ“ ‘?r}? | 470
and tip 466, to prevent, the: nYesSRkirhdmagtiteRiiRg redkttighe
punch. Al eidililg}nigneggefssang&%?%S’gg%}?%‘raga\#ggggti n anvil 470, to as??st in
advanci ngip 5ohés ptionkieth v peeted eniboditept ofgBe Bivensions #e|HpnE Poingd; RYsCIUEA and

16B il lustrate in perspective Vi ' . [ £ BSRGSIRAREY., A
tip-riét r BEEY iy KgP aﬁ%ﬁ&? th%%fw?gwg@ggﬁ%%h%g%uvé t ﬁ&gygrg\g%agr rﬁed enbodi ’)r/rent of
the i nvenh bhlar d%8r&ie0 6Nbeh@Enconnd i Semdpraféralilp bt fatstprowdadi Porasgnplan anvi |

490, a narrow ng 488 defined between tip 486 and.anvil 49 nd .
cyl i ndri dera 458 punchnths SFWEE: HEES etiseplsliées&aﬂ&?tﬁﬁ P%W?{gelle"lfé‘ s2f\ghd chiting |
Fig. 16A . the,punchin jo Ol Qd cltind HLde0kifReh inhét ofBfent sudaher abl y
using a ?Wﬁ??‘?é;?asggﬁ?ée g@ ?ﬂ%egé%£ﬂ%6ﬁl oW 4I£19é;1ﬁf ormed in cylindrical portion
487. Wienilbwpioh@P dost machining of the cutting edge and puncturing tip. Alternatively 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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25 further retracted, cylinder 487 is pulled back agai nst q]m\g'q:p ﬁ@g
cutting the blood vessel in narrow ng 488 between them uli ng a ridge 496
defined on cylinder 487 and/or anvil 490. In a preferred enbodi ment of the
invention, scaffold 400 and/or tip 408 include a.seal, for exanple aniris
~or leaflet seal, through which the punch can be inserted and retracted,
while preventing | eakage of blood as long as tip 408 is in the punched

hol e. 30pAMTRRING TVEE ROTACTI DR ONR KERAFINI SM Fig. 17 is a cut-open view of
atip retracting hole punch 5 i.h accordanc it 0 ; al Rakdfy @n
preferred enmb¥yFRbarthees ﬁ‘l‘?ea"?‘g‘g’é?'n% rdﬂ‘?unﬁnng ?ﬁi %aég&nl%% i Hrreev#\(i% Jllteﬁe%trret racting
of a ti pmaﬁryﬁfﬁ% AbSialchis AR rBeE fersiaf theukevichmodn the oytsidaof iheagrafpaid tien 507

to cut vessel 422 against a cutting._e 512 of i tion
of tip Seeftdns a@ﬁmmuorwseqmﬁqunb%l%&%3’}99?1&68%ﬁfe%ﬁété&’g%g%miﬁﬁm@
i ”dePglndSﬁ&%ﬁ ?ﬁlotdﬁﬁéh% in%?c'dfthetdzeicé Rutkieithegafrayd theawatogees bymngctdingl e

: er Y,

contr native a peg or other neans af .the dist shaft
502 coupl es tInea prsfinsd cobodiment of g inyegtien, dbggrftdh €¥F e(d:y V?Jn%g;}% Znd/ or

anvil 510 | LJE i i tlBrekiSofahs bainkaigr isfunden cagishiiieed and
a taken 5?)%%’%3%%1&93%3{?%%@3%% 520, v?,hi ch can_ be uged to [E?ek@ hol es
a

havi ng aclesERpotiatofitse paft. Pier persiincuiabe potial BiEo8OW S9N, MR &or dance

with a preferred enbodi ment of the.inventig Ak &/BGicRkReiray be
ci rcul ar abaut|180Di Havewr. WhKeiesErafed RIH %%ﬁo;/%d}g%tia{ E dependi r?g(y(r)n t he

shape, jof .t he: ek, n&! BaERke tRUNehes sippbrycatal emd gemmty alanipulaions oyt er

t ube ]'328 aving a forward cutting 10 eﬁ‘%gg ?a}g i nne[oa?%lt%frgﬂérti&%%m@ha

retracti mdditionnl pRilexhistthstithe; snikes Ry § PG A £ and can be

retracted aé{&fmo%%hggﬁeﬁtﬁﬂfa Li bed above, and a cutting piece 526, which
d'p el emen

IS retracf"ir y I nner 524 against the.faorward cutfing e.cto
punch a hol e Marivesssditions For F¥eesior et $5FrLSH hefe}’féoxéu?aﬁl%gﬂr’e %sdgsg% Phe

anvils can he varied i .enbodi nents. Additionally, retracting tip
522 is opsP}“Bﬂ%ﬁa.regwe%hgpfe%%%?érdéd enbodi ment _of the inventjon the nlane
defingd by cutd)iMguibopmecensasisicd) evetsiqpant e spit.tdiecARALHF Ty FiR g
edge, althou it,. my b de ll1el. Rather, an angular difference of
bet ween ﬁr%ger}‘i@d&ﬁ’?fz‘brragtfg&‘gﬁe?gé%out 5 is provided. For e,xam)l%,%t {)or a 45
punch, the foryarghsGuingionthegdeby the dGmeaor, nehiphidR agfpalieNeraien & SETERE 05 04)
and cutting piece 526 has nal f: gparation of cutting piece
526 frommmla@mdeglﬁﬁﬂfﬁz‘g}%yg@%wﬁ‘%@%?&:@’&ﬁ’ machi nj ng of the cutting
edge and punct Ez,t,' Aﬂﬂdjﬁ% Perfolinirglanatérvieh yltagether2 possthiyl by Braletyg thpGverdt- aci ng
cutting edge é 6, different an(?éﬁil‘: f punching can be achi eved. ALTERNATI VE
OBLI QUE HONE PAREGONNEGTORN hematic illustration of an alternative
oblique hol e pyAChEA.28BGkskrates a transfixing-based eversion method (b), in accordance with a

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

preferred embodiment of
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.
| 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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accordance wth another preferred enbodi ment of the inven%iOOS PP ncher 530
utilizes a solid tip elenment 532 having a-forward tip 536 a g alBick
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 show ng
of tip elenment 532, in two views. The enbodi nent shown heré - i ncludes a
plurality of groves 542 forned in the tip. These groves are not essenti.al,
however,  t hay Fappe@rcoinectoedeks avmcer dipraby cpesingt ®1eh e ¢ 1ogTaRATY B° fitthct ur i ng
the bl ood, vessel . An opening 540 for a pin to attach the tip to a shaft is
al so pr e?feﬁfgbﬁ/l'pr ovi ded. Back cutting face 538 30 preferably i.ncludes an

i nclined por trx, 548, @8 endrest Athorel, yn Whigh a patie QyArsEREs aqht?vagé‘i 13 potp

hol di ng the bl ood vessel.. i onal | r.ot atj e D1 efgancher is
provi dedthalspies 536 %etrﬂsast% ??0 i ‘%‘?‘Sagée@t%eﬁ q@gfl%ﬁgﬁiﬁdﬁﬁr

Al t ﬁlrl‘f'at bd4@lng &fjg{%@esrgg ahilOMORYR bSL. The virthes exprndes hyd tiglplderpmarpowhe 03

MOUNTI NG TH ECTOR ON A GRAFT Several nethods are avail able for

mount i ngrentegedainast onosi s device on the graft. In many of the enbodi nents
descri bed hergiitigideMib6@micht, 2 shilies Beiinsirte anin augle tg thafwallafthezf. graft
has an intima-to-intima connection with the blood vessel. h’é"%ﬁﬁrﬁ tinely, in -
some of theeb§ woridngentpottishanyession o’ tthe Brath SR MATEGut'si de the graft

and t he anasto i e s T nnebefieed enbodi nent of the invention,
the graft® ?@\%ﬂ%& osergﬁ]{e ::ngr?ggg?or,gﬁsuch that the spikes extend from
t he gpaf TveOdARE GREET BVERIER onnect or i s under or distal the everted
portion of the gr kD s] t in@lacdodafice wAkOW pBABrredr

- conpl ete (e.gﬁ,gg' g%ﬁgglgﬁ%ﬁébé aefg?%gl?(ﬁerg_ﬁ{iegrees of e ersion can al so be
util i zed embb@menessShe inveniae Graft 351 tis bisertadsin as graft| Beldes %é%%f?l Q’i Y8y he

graft is slippery and small and resj ' LOK. Hoer 54 Ghdyivemald
pr obl em F%"“F‘%gttheﬁ?& aEﬁqgg’?oﬁﬁﬁo%‘ga%g{ggﬁg%gﬁh%hggﬁ abl 6 for insertion
through a, o iahl adi dveReHs70 ausiote: hamdadlictaativgly, ongear betignaydie Repdraound

eversion are described herein. In rticul ar ao1def 56450l uti ons
are géneraad/picoypled éh?aélél‘.’f?‘i“sc(’ua‘)ec E%a@oisg?@nn%%m\egﬁ%&??ed) eversi on of

the graft. (‘tlj';]g_,i,_gr%@ @f@@@@qpﬂwfamﬁi@ms(ﬂj ?(711; helud%gaﬁﬁtﬁeﬁ%}@d@!heﬂmkgw ai‘;e er the
~eversion. ransfixing of the graft t he.conn 1,

actual eversi éndqtal ‘éﬁ‘l'feé‘&g"é?dlstf?" 15131%/ P ?)?4(’)%) ﬁeg&%@glr%dé_la%ﬁd/ I%r. by
per form ng .t he, @lP%ﬁa OPDaRSS51 (ool béRiktedgn e Ahexpdnder 19, baansi phradity @fget her,
possi bly by sitmulati ng”the eversi on. 20@%& I%ART@%@%@OWME&@ gs.
20A- 20D i firlgerst578 iseused ot exapnsk thy Bed-HPadelfs bEIgH- A _“in-accor dance

with %J is preferably provided to control the advance of graft 551 over tip 574 and fingers 578.

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 to 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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preferred enbodi nent of the invention. A benefit of the pﬁ theyl ar

enbodi nent shown in Figs. 20A-20Dis that the eversion d \Ql ge’ i &98ear | y
conpletely outside the graft, so that one end of the graft nay already be
connected to the patlent 25 In Fig. 20A, a graft 551 is inserted inside a
vessel hol der 552.° A connector 554 having a plurality of forward: spi kes
556 is mounted on a connector hol der 564. One- or npre tip .maintainers 562
are preferabl Ip anadandlad: ampokioept, stopHinscrs 5 peluduTRdlPBEs @512191?"}1’6 t"ﬁl‘g@ﬁdi ng

back to t e'r | aRl WCuker @linmtd 6f glavi ces) .
The end 8f° I%%Ee"trlllgageg%&ggﬂw %F%% ﬁ%le(?%sf | i ps Seéo whi chﬂare

~coupl ed &g az{hs&Xtﬁaltd@Jfﬁr@&B (nBO evantitty fngeRDB) e‘@xtp@ﬁaéirft o5 gf ﬁ%ge&%‘ﬁna@a

t her eby |ncrea3|n ts ra ius_ang ¢ I slibeniopeni ng
of graf t MpHeN BpmIq éhfhg’ta@i? Pﬁoa?{esst%eev%ﬁﬁ%ggn%é%ce CEISF} L tﬁé %g tr;r ef gr ably
the S3Me cfacell Séh Be inflan AllRmativdlg ther gaafi issngrzed poth ésneeede wiiem SRS,

mechani sns t o cause || heir inner radius nmay be used.

31 1 0 SAREEERMNATIVET ﬁaﬁfﬁﬁ%ﬁﬁ%@@ s advanced, thereby causing

spi kes 556 t Opfgl angf hxcicRfutie Rok-th@ugl ilRfstratlondoflan dltr&rrﬁnga g@ﬂl}vertdné%,nm resul t
is shown, in whiich a partial eversion is achi spi kes
556, oncecoordzpesswiih pPERTTEdSmbRAiNER] Hfdhe mgeﬁmg'éﬁa eﬁe(rf? {) ‘ofa aﬁqs TntgggédS

prevent g @Q“é%’aﬂ& %Bdﬁ%zh@s oD AferBARKlyl B engieat 0P lthe Tgmvtﬁpr I(asum éwpander s
and tip h ers may now be” renoved. |In an aItern |ve e aFl ment., .t he

spi ke armbpdisent dFigs. 2A-HF) An cEpAHEE iR $5%0 Prefeie ngrml‘fe s Bgy0t e

providin fitie Qe 651 FRY B B matg)etrhan@“daft in
t he congl %h?ﬁpge%ér%ﬂéﬂéﬁgﬁb@%ﬁil {g&rﬁet%(rj?nlgeapart of %,he aSrﬂaft end. ﬂe]ao TWO

PART GRAREidEVERTERoRy§64. PidferatilFs tin 3 aa expandige sTlicons, iy t@lchsl?ﬁxpai“

accordan ¢ wWth a trb@RwhidH When peésded S

i nsert ed lyr"i‘péesé?rgfgmﬁ%géergggé%%&gggﬂ*m9ué%/elmr?gi mr;%lr}nr?ed thereonlﬁan

anast omDshts £ Gilib@C tipriP4aitdeansesyit ite sleforp. pitomptingbs . othgs | HRIMABE 40T EPSHRE hel d
in one hand_ and everter 70 in another hand. Alternatively, one or both may
be belch MashHtides M0 or coupl ed to each other. Connector 554 (not
shown) may be gpatighidngheldarcomplite ﬁ@ﬁﬁ&m p&&@dﬁowﬁhﬁ%@@aamﬁﬁﬁ%? ft%dy 571,

including a swiitch 580 and a_head.57

Fig. 21B.When3 fingsy 298 pradvancat P4 gﬁlégf %‘Fsot\}}?hnb&agg %@1 at the end of
graft 55l.6aHe AR St Nedvation ina %Aa bszum@réeﬂv@ze pf tha\finpeys. aklmaﬂmﬂvwclbf
fingers 578 |s used to ex and t

]graft Fg};lgfﬂ as descri bed bel ow. A
pl ural i t ysugh adyeesrelisfhe g @?@‘Wﬂ o ¥ or ovi ded to control the
advange ofprgiiip EONTRGL tip 574 and fingers 578.

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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Optionally, but not necessarily, the relative |ocation OfT ﬁt@; E&igﬁgers 576
and tip 574 can be controlled, for exanple to control e~ anourt of
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 nounted 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 wit h gWISTISG BASED TRANSHIKING i nsi de fingers 578. Possibly, the

advancing the gra J.ncl udes i - MRS QREEEL or,
thereby tr ans@?&%%‘égﬁéhbsgrﬁ%ta.mﬁtﬁ‘gei&/exi e%lﬁaggg%ﬁ%i@éngﬁn&y 11Ege@cont rol | ed,
i f requir@snedid ires@oTdhfce Wivh 3Qrefhecd esbiimmt of dfe mientignafig. 1A shows a
stop-fingers 576, Wen pin.582 ig retracted.. fin [ e and
the ever sPRRSGY Q08 Mt £qnbe SKP @rtﬂileicﬂ?ﬁey%’r 8? 1;113%529%{5@3ﬁ%§8%%§¥ (F ﬂ\g@t ube
encl osj ngshoq%?%d&ﬁt 7@t i 604t (uhlg dak showerpos imsrathesthe ot Commerton 600
expansi on of tingers 578, _ trappi t he raft bet6 en the fingers and the
t ube. WhePreferbly (IS %W&ﬁ%‘%‘ﬂ?gglc “@\f’btflﬂgartsﬁ%m&%t off of fingers 758.
?ﬁ I'n ?_n al te&ggfeg‘ye%@rq@%ggfmy,pr@gm-tsipﬁg&nan&?ssrtémg‘aﬁldiéliFﬁgl P3Bprdes at
eir tips an

are al so"expanded by pin 582, thus agi ng. th raft from
the i nsi descidonthlly trhesiixing\aanien 6% Ipiarpreismed ermbraie L1od U5 g‘ﬁi‘-"‘ﬂi"ﬁg@?%‘*“%ﬁ%w
everting fi aﬁ%n bPuRVatis })Dtearglrtﬁéf 2@ fefvis@l 1 i fafint BiTed. in Ehis Positiat byom
m mcs the nual process of everti’ng using a forceps exa{ggt ghat i)he
graft 10s tristymSinehgad®d. Hovwverhehis isinge cssaptiabr Roft PXABIRJ. PHES J0417pay &°

engaged bol b LEPILOFLAE A0S QTSR o HIEROGT IS HO oA T

EVERTER FP§: Ic cut-through illustration of an alternative
graft evepsssiblead,in super elegtioddenesefonexample yr ekeratd@nenbodi ment of the

invention. In ﬁé?@f’égﬁgéé\tg? %&fiht&tﬁegrg%?}?@%ﬂ . LiB&cQugrter,

additionally 0 ‘éngagi n e graft tip (as in the 10
enbodi nent of hiFg 232 ecRd B8 isAemevep atidiving confpetorcen eafiSoABIdRFdIHt ed at

the end of a body 592, t abl r.as f f ic NS G aft
551 mdy or rrayInn%)é' n%%i?é 18 ﬁr?%ﬁ%gabf%}?sgé(? %rb? e?neglgg’]. éTlgfr%esfsgtr‘ﬂa Ii/e_,d tip
594 is an f&&&lﬂm& Bt ighdfiG@er khdlor sifeiché, ifer e&xrpplagleidg aliigvige prob s ghavTsiBUr 'Cet
596. An exe ar ressure source c rises ro I: Al into
a sili conFigrSTB'Z%@i?IPqﬂler E5anle cPRneplsT g@%ﬁ?ﬁ“ﬁ?t %Orgﬂglly;,\vl{’\}gfégl,] H\% eaﬁ{agioglg%di ng
or graspi Bfher aﬁ[ﬁﬁf_é%ﬂ;h&ﬁ?mﬁ&é/ gllaﬂ_Sgﬁ,Qﬁipre’%lﬁitklfrﬂﬁbﬂ ahdafe cblhtrtgﬁresra(lsfrxm_-

corrp! ete ring) 598 Is prow_ded, Wi th an_en%agl_gg ?aco’g,e 5&]“&.tw %\%er})r&igéfnger
598 i s advancelh Fignifdyiangpréengbstemart gslyands TR &PIKT BT 7 B oVE8Y IMACK,
there% %’at?trstsilrf?shto .ﬂ{iggt%%ml)fr‘ﬁs@y@ﬁéfoﬁﬂedﬁ@ﬁér,laﬁmbybaoniitﬁagl e advance of the

) Y,

finge ernative such advance rolls the grafs b ck an .
addi ti onal smald FigntiFptwist 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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20 SPIKE TIP CONTROL I n sonme enbodi nents of the inventionq @Qﬁﬁﬁe?&gs of
the connector which transfix the everted vessel are in a bén stg during
the transfixing. However, in sone preferred enbodinents of the invention,
the spikes are bent after the transfixing. Since the graft need not be
living material- of even in the body (or at least not in contact 25 with
~body structures) at the tinme of transfixing, shape nenory naterials,-such
as those that gjhen pankesat ecetiodyf leudssieglan Fisesidre ewperg iy 2 BETFEH

exanple, in anbient air of a roomaor .. b S an electric current
t hr ough t%@fY@Wé@le?“ﬁgé‘fpé‘?fr%%ﬁm Sﬁ’lnileﬁ(ﬁgﬁetlflg&g?ﬂt he spike is shape
menory, so thakg AR sh&®d orefwdlhe asiinieeary srtery G2@ Teimnotgh thabothe tynes ef ble

through the graft. AIternativeI‘é, a sgleld, for exanple a tube with one
finger fovesehchdgpmificaaterals BrpRs Ha4s%e over the connector while it is

advancgd, to HRig ghﬁ LD BRIl @1d 6PB adna Ressd feagaghts extambal damswiorkni2] are
Alternatively or additionally, the spikes ma¥’bbe bent %%Et?ra ?y‘?%x&n‘i sfix,
for exanpbrevidsd, pi engagerarigns G0mihg BESRGTEIS RAY PRAMSHIRE TS"Weat - tredt ed at

E:gﬁf ?gﬂga{) %SE& ﬁ&&&& sfafth %‘fbiffx i2883t 2\6/\1 sh ﬁfc;t iBAtS(I%D' | lgég?%i%z NG, E:ng . 23A- 23G

illustrate a ratio2hGiframewndsa2tiinadvanesdse dhal s sag o RYPSE PR o
connector, .in accqord €.\ : kd1®tibn of thk Reomamesftmadd. Fi g.
23A shows? %hap‘&‘é’r?ﬂg@f%r%gggotd}%az? a@%ﬁf: eg'?mﬁffg?gtbp t he coh%;:t or of Figs. 2,
exceply t hat2, siipk@spobith q3riny eatvmab framewntk 03k.che sine aabiyPh ot IFICHLEEA O onl v
.one shown) pojinf in, rather th kRk€h by ican@yi ses a
spi ke Sechngﬁlleggppgﬂwﬁl& ?ﬂﬁ?ﬁ“&?géfe}%’ﬁ"gﬁﬁq‘%gﬁ %resrﬁéég%et‘pmg i Z@%r of er ably

provi ded gm, pUIGbaE a PRrpendieniretolr iafsho®s lan( stilgue 288 of 2oRPldabe! YRAVEF| y
transfixing on ti

604. | referred e i i nvention, the
resting &hﬁn?ﬁ"B‘El?rgltqféﬁe%ﬁa?’iafﬁ‘gexé’ﬁﬁfei@o33?&%@%&%?{’:;@?9%?g&tﬁ wisted in and
mai ntai ned in jhiis MOSinkigekehdd artldd attey 00 itransfiied by 260Be 2PHARAORIAN| s i s

not essential. For exanple, spikes,k6 may, b I ' Skedaafit er
graft 1551626 for gampieusas m%th%dﬁ &ﬁ?cabifgg‘ﬁ%}{‘-e%"@h‘?f? ’%%a%?‘?‘éé g%c%egﬁ; ration is
possi bl e I pelixedastic devices, for exanple by over-rotation. In
Fig. 23B, ag%gﬂ%% ?Ig inserted into_the %raft hgl der UQ‘i’%’}n, { ¥R R08. In

Fig. 23C sl eelneanco@mplary embrdiaentat FOGAHE CeBresset 2p BB &R ' 575 Séﬂgnd
tips 604. 15, L0, ki Fafotint2Rd arddShd s@vasizixedrisly 620psn SSatbe dontx

nmet hod, gf‘gﬁgfllﬂ?%@ei%rsld%gﬁ%g) feérrlward out of the graft hol der and/or

st r et ched by hmild 6amgfemewbrkf2d. devi ce such as shown in Figs. 21. In

anot her exanpl ﬁ& g ‘gi ggjﬁ%ﬁg%ﬁ a?pgﬁehﬁﬁ,&@&ﬁ%ﬁmt P RERh B donitdeidr&32,nbt etaimpiy a

bal | ool or ot € elenment inside 8raft 551, 1o prevent dis
Mot i on andh ebriodthfictor ttkasfiveaaghickineg portion 630 of artery 620. A ring portion

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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In Fig. 23E, an optional step of advancing the spike relaf) ¢e€Pt gyoghe
everted portion of 20 graft 551 is shown. This step nmay al so be perforned
| ater, or may be omtted. In Fig, 23F, tw st maintainer 606 is renoved (or
the spikes twsted) so that the spikes tw st and tips 604 point out. Fig.
23G shows the conpl eted transfixing process, after an opti-onal step of
retracting the graft over the spikes. 25 It should be noted that rotation
of spi keshéwinaGhi@vectan Feasissr ista pasfectivengiennd/ He. 28veHeliemno4anresialy be
practiced in staple enbodi ments ere.th kS f thn USI NQ
a plural iGLOVIPB‘FBSit‘EBEWF’é?uan mé‘f’rglﬁ?’dég, SR B fe%%%oqﬁa?\&@gaﬁ%rﬁg%tesg&gﬁound its
| ong axi Syg suFhddish@bh YulePlaybresaawiladh ahists pi inser6ii2tha stewbointn thepmta (aTetber

EVERSI ON 30 Manmary_arteries, in general re.relatjvel y..thi

di 111 cul ttame vepeh pad m&sbﬁctf'&%?"§“e‘1fg% SPLREN AT ,at‘s"rﬁfryﬁ’? f‘é‘?@%ﬂaﬁ(’ 1%%21?% he
MBMAry §Llistvc GRHRSHITBRfRWaabe o (he shise Tha everbd patt iof graé\oil iepretrdl

wi t hout actually everting the arter,{ an%g\&u | e %ERI i r@ a ég ati vely | ow
amount ofbetween dayer Gidrand tig APBhpwerr, 1§ may R |/‘B>é?s AR illustrate a
method of si ’th_'ﬁ?éridlﬂ i r10dks pRSREIAAL %rasf;:ﬂt!he ROMROWRbY thiekehieg wn if n

accordance w a preferred enbodinent of the invention. Fig. A . Shows one
wal | of oFigafMdioy exanse,yth6poes afiihs epikrstof &g HagandeHaratqd P f’g‘?a %ﬁ%o"éi‘ge

vessel s alnd q,rg%{etthgg%c%r J3LS SRYchSs S Erd Gloctdhe RydrNA fring. of péddmsiam 646t er nal

nmol d 622 & 4 Vessel Jengaging external framework 621 are provi geev(%lcfe to
Vi¥r

engagen arpreveyt aflon JFhie: @ngexprnd simkensonfigyraben earype RFRVA Pl 2tHa PEf

exanple a frictiqgn.sucface;or , 1 d18de wtnes b inmpees Klidw2l i s
advanced %hg%getscr?q;g 1%5?&?‘2‘? Inasrutcgrggbgﬁgﬁl’rls%%%lﬂi e éageai st a shapi ng portion
623 of nofheb&ER Zpikedo BE BansawaRys. sui t abl e sel ection of the geonetry of nold

10 622 shapi ng, por L1 00cE23 2N, SYLELAH o FOURMPIIG Y, ol Mschbg Bela0ty LD

of distortion nal wor k 621 and/or nold 622
are ridgeggoreldeagause a ripple in artery 620. Although a perpendicular nold

is shown, an oblique nold or a npld that atherw.se €
arterys 620, fdp opgateneither i A0% BJaretedy gersnééilzs i %@%‘%H’Fﬁogﬁgzﬁ%, t he

t hi ckened,,Dar Lo 18k Loftict $2@ ahSrch 6816 ihk @tksidy ofiaggrice. 228 of a connect or
15 626, for exanple using methods describ d.her(tei n. I\/blcngaZDtheH@)ch@&hude
apertures so tlrer 644 is treefeth SEchbiRf TR wpikes OF the,porneciol LI NNry

“embodi menga, @ ML i GRIPEERSBE) 18aciBAGE (RS te Kefl spiltes ehgugh cargre vessel 422

(not shown). _
20 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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noted that the end |l ocation of the intim and the adventji{zigpofzg%t ery 620
can al so be controlled by nold 622 and framework 621. 20 Fig.

illustrates an alternative enbodi nent in which a connector 632, for exanple
an aortic connector transfixes a thickened portion 630 of artery 620. A
ring portion 6347s outside the thickening. By proper shaping of~nold 622,
there can be a portion of intinma also at a |ocation 640 outside the- - .

t hi ckeni ng 63Ritcrahd@W, 0@ caimettot inapbe mounitd wrabecioHeeing MIAICTPos S| bl y,

di ssection of artery 620 and intainin hi i 630 is by the
transfixing b{® an¢ Ef%%ﬁqﬁ’ méssf%’f%ﬁ%%é“%?}‘%%ﬁ&ngﬁa@‘?eesz. In an alternative
enbodi nent of @ hendtmed ivbabe @ bidughdover the @handrel, gp slfat thegotrhgpeagepgne of

conpressing it 'to have thickenings (not only at its end) and inserting one
or nore #siteelssnikes of theSARSEPDr t hrough the thickening, to maintain the

shapi rf;g ef f ecje THNGERIING HsFotEebNGGAR3 @nfayed stiketogreataptuied betwser 8¢ and
transfi xed by t)he connector, the caonnect g}rﬁogtnld raft are to be attached to
target vesedlbetsnd thd mandr, ipasetsigtiptly) g gff8"%onnection is conpl et ed,

the tools nmu eded foPM tHRGpiEaf t . Fig. 25A is a cut-through
cl ose-up of S@é?e&(%ﬁ?%éé: 208 when % conbi nati on gr ft holder and

connect or hol @Lagt®44 i tirengbt evsrthe mepdichandd MGG YI°58f t 551 schematically,

but not 35 1 R o2 ' £ 11@buchFl dotcidiBedns. Thepaitdpeatd ve
view of Fig. %&jﬁe%?’g“ggréﬂg\?%?%feg?%g@?g corrlpi)gri ses two | ayer s, an_i nner
| ayer 1064 2igiwaisohhaptief forvednd spikeslasne affenterdcest be c?n?o?h%mim% ConpEeor iy f ace

and an outer |ayer. 644 which assi.s in J Il ideNRid axyee @44 Nk Bick e aorta
(or ot herthe Py %“dvéssgoé?r)resﬁ%ddg%@()etJ';eo?:'g’s&t?fgtsgvﬁetér'E}gh part %% graft 551.

Al t er nat i JM@inéedio catditle agbof the comgetor. 644 5 mai ntai ns the straight
configuration of the spikes. The everte r NaEtnanwly, s REREQIADI Y
bet ween | ayer (@413"‘3%?1“1?"1[‘&rﬁﬁg,e%?é%cféj@ﬁ%%ﬁpg %é@%e et ween | ayers 642

and 644. (L.aygsy 642 preferably includes protrusions to grasp the connector

by thickening on it Fig. 7). For exanple, the tines of the spikes of Fig.
7 canlbe WGWH%TQE)QFQ 650 of the layer, while the body of the

connector s g PddiBAdenbidherdmael, fd s pefeblpstivby bnifofskfdases

prevent notion of tthe connector. A simlar configurati C efe t O
hol d a twet2pEhus, theyicawr be rempypd h%feﬂ'@%téﬂni‘ﬁ‘gt?uf ﬂmﬁg&g gﬁﬁgl'su%ﬁ& gv%{g’se‘? | ayer

642 may ipgl Nef: Al ridhSvel iBfg b Bedbd RMe whith shieatip 408 keorlayebéddbent
i nwar ds. 13\%5%%?%{}%‘5%}(}’2 654ri s pref e% a I%I) provid w rip gﬁg%r E-,loLe yer 644,
as descr i Aritbuge kaifie 654 is shome sqweehat distad frop tB?)%’idafEit SVISEHEP OF F5°408 i s
retragted or lI«a1¥.ezr7ssh9$52 ot thy 842 AN ARG SHE 2 pre-fohiéd dlien 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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target vessel is in contact with an area 652 ' 7

: on the out s{ @e¢
t:ﬁgr ggjf;zlgetaggt?d, fuch that the forward spi kes of zﬁesggn§§§52r6ﬁgh

. S or layer 642) is then preferably retr :
SFPLangﬁesznga?e tigget vessel 422 (not shown). 2% Fig aggeghgastPﬁé the

fer tip Is retracted, show ng spikes 124¢fhat

Earg?t vessel 422. Further retraction of |ayer 244 rel eases thgn?ZgEaL
onstraint _ongiheobagkws Rhljemagkint 165 widnaeousctor 409 oRking otthéhi't 5Pp8nd out

of area 650 (Fig. 25A) and clo on vessel. 42 [ [
th
642 can linell.@\éﬂigéllde%ﬁhﬂ?WWH@@%&%%%EFS@%&%SH@Q'pr:afserlrog:jntenglc);orrleﬁ%/egf

the inventiong r i LA _
D16, P g s bl s oy A
2 lng}:Eel\él %lglerlelppn@aém HoARHBL: BerEnd oA %@e?n-f%é %d&iﬁl‘:‘%‘rrgi AR R B TVeRy
(S .
r%ﬁgceﬁhgges g&gé/r-tgﬁe %wsﬁugg Q@h%fej;ﬁﬂem binoBA@kagritheangh thepplit.

exanpl-e, Hg© the rel axe '
back.the Alnsktispceaidreiintie g A SPGB A PR,
Cool | A LR Upyine s ST St o D O e e f o1 o
xls![ ggrgngj[ qui fJ FiE. t298 gHimstraee devied hfpltlg; 586 @ﬁ%ég‘ggqe%?[@!‘{S%%I%%O%ﬁg,aﬂ%gsygégnpl ©
The  connehards 706 g fIGHpET SR bl hRol Bk B 2o lPS (A not ch
?\é:r bgdé::()e i jsleiQ.lIQPtis oy hrotigh view df bk hagide ﬂ%@fsﬂﬁ@%ﬂg‘@gﬂg‘gﬁgﬁsg%hgﬁgﬁgghEd
he ba tfsqglr es  of trge cgtnrge%t ger 55&926 IE% chedaies b6z, Thel Quezig, is

s g tive reiRglrReROERIY D n?::%t red Between the over tube and the
mandrel’, oS taasic 214 1 aatraif glitercTiTf Wiran slidesy 17 eenromicd LY el

repeated tor all fhe spikes. Laver. 644 i . _
the not chstfactiiplder Iqﬁ)anftﬁ@g%‘fé@%t‘a? BfiEe °H‘%}$“§B£I§$§B{)Tu}??/§gr a‘%@%t%ﬁmgel e

not ched c @ggmg}p?eyeé&bﬁé 760 © enkfheahé greetbloal vdsedl. dohethedrapiPdIERES S ar e

not affec he cone. Th C i
;grrpr esz eehgaged; helyonagezing §0% ‘?P&gg‘?% itg{r?%agg‘ﬁg%ggga% Hré? ! a;,g%&%ﬁ@ 19%?%%n|ds >
vance %&g?dﬁé) %E%gﬁgg%gw%ﬁtQt@ssél*ﬂl@ing%mm@@:rd.spikgs) The mandrel is removed and

repl aced ay ternativel i
, the
As the squeezing of handles 702 con%inues, rod%q qsr I%Eaclztgd and causes holder 706

to be split, thereby splitting the outer layers and allowing the graft to be removed.
OBLIQUE ANASTOMOSIS CONNECTOR
20 Figs. 30A-30D, which correspond to Figs. 1A-1D illustrate an anastomosis connector
800 adapted for oblique connections, in accordance with a preferred embodiment of the
invention. the element numbers correspond to those of figs. 1A-1D, except that they are all
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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| ayer 642. 15 REMOVING THE TOOLS Wen tip 408 and | ayer @44 Sirte 203 ract ed,
they are preferably slit by krAfe 654 of |ayer 642. Thus, they can be
renoved by retraction without damagi ng graft 551. Alternatively, the

| ayers may be pre-split and renoved using a peg or cone which splits tip
408 and/ or "l ayer 644. Al though knife 654 is shown sonmewhat ‘distal fromthe
end of the device, it can be closer. 20 Fig. 27 shows only | ayer 642, .

enphasi zing a ﬁfi}ﬁ,ﬁ%ﬁ)ﬁ@&@r;ﬁiyi dibiiigr dohectoryseshowk ivhbgedbktrien dT OPETRPWSTIShS 646.
Fig. 28 is a cut-through view of tools 400 and 640, showi ng a peg or a cone
656 Whi chare gpsivided imgshertoreferyesk enshpdigRis PL ey R8> i s retracted sufficiently.

In alternativ difBhie REE is 62frdBYmbre difiesie thanoevchingt 4 pegofar ST f ol d
400 and/or it n‘%&t}%eé m)vaqglleegqi ntmogposi tion, when 25 required, ALLTERNATI VE

SPLI TTI NGGMEFHIDOR: gjde 0DBA 2Lk af the rdpraangle-at 1 SOURFERT Femers FaER: B Gl i very
system 70‘3’8562%%%%’13‘?% Witside . 703,a0ds Rsslasiby@veriad 711, in accordance with
| n

a pref(rérr of the invention, System 700 also inclu esr@Sbody
701 and a handfies. 732 280 3BBGIuSOR A varatngt It e GYEHEICN SNEh&ATE" & 88azi ne

705, a co ctor, hol.deg,. 706 koL tol i & sgbefiht eratt. ned 707.
When rod g’g&“ﬁ@ ‘f‘gf’W&%%%od?n ?)%%’%é hé%%:tl{:tsgbggta@%ﬂiﬂh%ga%yers it |@T i

contact Wikdwn hFig e3BYRI Iolde| 46 rwiidbisamavidadga zioie cormsctonfqle PFF&?I?@% Ia{}O or
additionally, .a retracting knife. b - e 50 .usig@C
shows onl yemﬁaf?%@%“ﬁﬁ?rgu%%%ﬁ%%tS%rﬂaigga%gléf%eggi (1)_ut gﬁglgl?s t|g|c;lS 1%

hol | 0wy 715,286in8 tsdhhiqudsl€eséribied pRgvel Ofeftrablpyevtatsenaf<@ is fhewh cusofsbme, I g.

29D shows an over-tube 704, usgdldt gealntp hole in the target vessel
after the examnleby eonpesierfoM when ?.er%é tE%™S1 ot and a slit for peg 708 to

operate ager FINVERTINGUOSNECTOR preferably engages over-tube 704 snugly

enough to prevent bl ood | eakage through the slit. Alter I :
addi tional |y, Fige 3$A-34Failesiraed sebiofyping SoRegPr siae “r‘f’g‘ﬂ"?a DYy Rk such

Al ter nat i yelyoc it i#ddbldaRRAl Y s pichred inbocsiien ofty inemndaaiFes 3eishows diexi bl o
mat eri al, “such as rubber B

. Fig. 29E illustrates _device | der 7 -ﬁpf%device
709, iisl ustgnadnk u@:oan®tdrt35&ri@%aii%g pbodygectigp Sofe 2 b?é%ﬁpiﬁogg% ?*E’%‘i“ arfgg?‘ ng S
protrusion based. copne engagi ng elenent 718. 10 Fig. 29F is a
cut-throu%gempgﬁg?%%ﬁﬁg%dl e area of system 100, show Qiﬂ a mec@e?ni sm for
retracting por iisehsvioh Rif 348y stnmeotnS59duimesricd dnta 2 y&1sel 492 MAFIPULLPI 2 The

S79E221 10 1 ! ST o B e 2o el o sl (e
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 atlowing 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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retract holder 706 and magazine 705, via a pair of coupling $imsypgd0. This
retraction causes the forward spi kes of device 709 to engage the target

bl ood vessel. once the target bl ood vessel is 15 engaged, only magazi ne 705
continues its retraction. As magazine 705 retracts, device 709 is freed
and engages the target vessel using its backward spi kes As the squeezi ng of
handl es 702 continues, rod 707 is retracted and causes holder 706 to .be

split, thereby;.SpE dhbivhecdhigic@itomayier s and al | owing the graft to be
renoved. OBLIS%SE ANASTOMOSI S CONNECTOR 20 Figs. 30A-30D, which correspond

to Fi gs. PERIP ERAIEdTat e an anast onpsis connector 800 adapted for_ oblique
connecti ons, ifl, EEAPERANSEHWIabEvapltahes aad devibadiave beero fireted espepiEdliit i on.
the el enent numbers correspond to those of figs. . 1A-1D, excent:thabethey
are all 168G conentehPassREPreAureh eweiBory %%Wg?@meﬁﬁaﬁg §n obl i que

connegt or J&%b%ﬁ%ﬁ% BShcad] SR W] @S aWdinGh of Bt dxeemitics, fosapuplet Ran a
per pendi &arar geonefry or exanple to 25 accommmdat e Ih%g%?q(l) 69 grrival

of a gr afperformamentrivodrl Bynseseiaihe bypRsEss & ¥essply FET PRSHC ter b{]‘god f1 ow.

The connecti o b | b bé A dared Soofhe tolter 1ogatiyms. vessel
or itst ‘Eh’%ﬂ‘%?n%afr%g%mjéodﬂgﬁﬁx%% gdr%%%g%%icglge angles in Iu%ﬁz, bet ween 10
and 80, rmsferablyraphrexiabiely tretspike pe3OMPIHMPET i§MEPVIdE aﬁh‘@x@%ﬁ\o devistdsai ment
about 45. Fig. 31A, which corresponds to Fig. 2F shows connector 800 during
depl oyrreﬂ’ta‘.’efi%l‘"a‘.s’p‘ 31B, which corresponds to Fig. 2D, shows a conpl et ed
obl i que anast gaBshsapphtaions, %A iaprividaB ncludinge gaftr ofgwhly. the CEIGEOS SR and 3B

show a [ ayout view of cqnnector 800 of., Figs.: - : i Rd@sond?2 and
Figs. 3, wweouptedop Hewde e tﬁ’é%gﬁlo?%dér(b&t%'ﬁﬁﬂ&to %E%dtg\%{ké%pshom, ¥

faor
exanpl e hawhings GpNisf. Fye 35 Bhdesa prafiméd rkting hf mogwsingraatongectaif ap ad@fihect or

i s shown, "oval geonetries or ofher.geo i.£s e.pr ol 11

pr ef er r ecB7@nto a9 s R 2o BpRETR 'ﬁgﬁ?ﬁﬁwﬁéﬁﬁeﬁg{%H‘gégﬁegﬁg”ﬁ%g?‘%&i s

general | i ofiuld bt for EDARICRRIG! ifgnaul2ge ar by raérting ieaivercapfiy, thone
e g t ot

side of t raft, a e wider angle _of the copnector, | kdy
evert ed, graft vhdomplatéer Pepferably. b ISt of the ggalh Y nﬁﬁ‘gﬁ %@écéaﬁgeg%aﬁggg Iy

evert ed. bFoingS\%r 1B g»ﬂg; 3&%&! kd Whichaik iR béaditaeied 0Thé Nehmdenfaths gt BeXi ces
fi s i Td icu

to assist I n ty. A device 800 on.a graft 551 ha i 0. 839 at
t he nar r owptianglyebesingte:fasturechis Tt gpuse cpagulatipp ifirit i‘srfﬂlfi"af.a“s%%} “8"‘?1 ﬁég{#&%m

which is provided to h 195 808ce Rghrfidh Mihahgoan behdmnedtqy 1839
i nward ustRg' &° ?rgt?%lg%ﬂmg%%o that it ca§{rl1 nore easily transfix graft

551, USi Ngota, Asiilef eniteading oianbepafrmed fF p BEE HISGORECBFof er abl y, prot rusi on
842 189 0end OUls ObssiePesy O SRATHLE shif 5 890N AMs9[45600,360907.1aj08eL2BA0 1 s
;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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Figs. 34A-34F illustrate a self-everting connector 850 andjaShretingy of

depl oyi ng such a connector, in accordance with a preferred enbodi nent of
the invention. Fig. 34A shows one 15 segnent of connector 850, including a
body section 858, a back spike 854, a forward spi ke 856 and a mani pul ati on
tab 858. As shown in Fig. 34B, connector 850 is inserted into a vessel 422
and is mounted on a graft 551, such that forward spi kes 856 are rotated
into the ugihahuluTBnan dltitivnemiodindnt, (hranastomapeandelagisaiien begyegs (iec™gr

shape- menory connect or osition is pref I L i a tab 20
hol der 8@)211'1%/%5?“8%@88%‘30%@3}“ S ?%‘éﬁgﬁgg t Qelsﬁ ﬁgltv il%%ltgl@gg#%sti c
def or mati on MatdAEES bakepreGaed thaShe kese Sfethodrsenddeiasrsail e laptod 8T iupe o

assi st insertion into vessel 422, however this_ j i over
t ube 860 MaRY hinds S SHIEFTY FU\FHBRIS FULVFTE> Spnsaseyle? kigile {nﬁﬂdéimég&%% ',nlnover

tube 860 \Eiaﬁic{?lﬁﬁﬁtei'é%ﬁkéd @GV @B GReipulBiop WS blosdseedelsd@@ grafly nfay b fehfermadevi ce
and allo

space for the eversion. The.ev i na | sp.be perforned deeper
into 25 complstsly inpige fie bepn der XPPRIGEYCTIRE ﬁ@%g%ﬂﬂg}ﬁﬁ%‘eﬁﬂé}le‘%Z is retracted,
rel easi ng taby iy AnghRd O iACHERbERSISGbE! ndiids of vbaak bagtheiay el axed
position, thereby everting graft 551. In Fig. 34%5 over tube. 86 i1i15$1de
r et r act edarial inowinygvayedisdiding zhangingshe erder ALStsRS T 886 2 REEPVRETAT of

devi ce 830 fransfi g/ Sk RYIGEP HLHa8BBosid B&hectiMEthd tidler 860 i s
30 retragf’)eeéO uﬂdh‘éﬁ?h}é?%lg?’n%éééeﬁeg 864Qto eggaggSlvessel 422 fron%t he

ot her1csi deeps Asidefantnatiastotbss, hgexactaateriady uss fofiheguastopighe CEBECRE P HE
i npeded by .spi kes .854...1.n _.one i t S8 Ly "o Wat o@fn SRAESsIdS
provi ded %@éﬁ%@ﬁédﬁér S@ﬁbgg%%ﬁgﬁggﬁg%gle@ g%Zs?éo alTow for spike 854.
Al t er nat i aediymos Falthe) intie magiarieal debodiments, thedveation ¢hearBBOSCHIHRANDE spi kes
854 to be re] eased by axially rotatiys r 360y SRt thySviiSorGeInect or
850. 39 1S“Bt°EedEWF$E%G}3/“ﬁ%S t@i&”*s"l@b\%‘f‘]%l°§‘\g§bﬁ°£eét!!e%g‘pahas‘t orrl%tsi s.  PER PHERAL
KIT The dgfkidabé Rrhoholtpendibgevioesend duitcsngihe nuhingcdemantaier BEROHRS ect ed
especially towards coronary bypass.pro ures, .k SesPsgacedur es
may b peqlw%‘dh‘?fﬁfeé%t?(ﬁmt@nﬁﬁ quareds @ﬁ@g%&ﬁulﬁwggwt Ee{fs Ra ,SP‘E he
brain, t h@f&?@&ﬁﬁﬁ Flictihg ¥ bRRidticaBed. ftahowlt dopheecisted thet differmisfatures
aorto-fenoral bypass or other bypasses .o vestsglLﬁ_ﬁt %}at epgrs%gm%bmeogld to the
| ower | i mriys be Fhubiisdvie difberenti W DnB¥HdHH: PY eCEOIT TN be nodi T ed
for the Oﬁa?&éulir%ﬁl%ghi ¢ are RE&EGQRAR e)&eb?&ﬂﬁ@ﬂpﬂﬁkﬁddy&mim lothp dmvention.
perimeter 1S provided. Thus, a fenoral device. may pave{hs&yen Se,p'tks&%e to In
many appl Futier, casinaticisof the apee\FAIeEs 2F AP GRMSHGTH 1Y PRI EFRREGIY t he
Conne% Orgre%{frgd embodiments of the invention. In addition, some of the features of the invention
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 beused.
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", "ncludes”, “including” or the like means

"including but not limited to".
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pre-nmounted on the graft, at one or both ends (possibly n%ﬁeSE? 2043 graft
has additional openings or splits). Fig. 35 shows a preferred nethod of
nounting a connector 874 on a graft 872, to provide a ready to use
graft-conbination 870. Preferably, the connector is enbedded in the wall

of the graft, for exanpl e during its manufacture or by i nserting the device
after the 15 graft is conpleted. Preferably, at |east part of the graft.
overl ayi ng thg wlinegpakiated Boapirec tdiledbionbe welthat the predshio@yenyian de oty o

which it [l b ttached.. T f th f
malnﬁf alct &’Vﬁ\fé@d tbde‘ﬁ]%tt bgglﬁtglé f5o %ﬂldgf‘%g Edl%a %hg Sl% %c%fntggﬁes‘@q\nﬁ?%ﬁgﬁéodod The

nor e d|q&ﬁkdgﬁ@qum§mnaym§emﬁmﬂufactured to enhance coagul ation. Although
an end- connect or shown, a simlar enbedding may be perfornmed for a

si de-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 nethods of manufacturing themthat nmay
be used in some preferred enbodi nents of the invention. In an exenplary
enbodi ment, a kit for perform ng a bypass procedure includes a graft 25
and a guide wire or other guide for guiding the graft between the
anastonosis locations. Fig. 36 illustrates an exenplary fenoral -popliteal
bypass procedure, in accordance with a preferred enbodi nent of the

i nvention. A bypass using graft 870 is to be perforned between a point 886
on a superficial fenoral artery 876 and a point 888 on a popliteal artery
878. Preferably, keyhole openings 882 and 884 are nmde over points 886 and
888. Device 874 on 30 one end of graft 870 is attached at point 886, for
exanpl e as described above. Then a guide wre 880 is used to pull graft
870 through the body to the area of keyhole 884. In a preferred enbodi nent
of the invention, guide wire 880 is rigid or includes a rigid guide nenber
to nore easily navigate between the two keyholes. Guide wire 880 is
preferably attached to graft 880 40 1 0 SEP 2003 using a suture. In an

al ternative enbodi nent, the anastonpsis and navi gati on between the two
points is perforned endoscopiely, or transvascularly (at |east providing
the graft). It should be appreciated that the above nethod sand device scan
be adapted for use in many kinds of surgery, for exanple endoscopic,
transvascul ar keyhol e and open surgery. In 5 particular it is noted that

t he mani pul ation of blood vessels and grafts may be perforned conpletely

i nside the body, for exanple everting a LIMA through a keyhole. It will be
appreci ated that the above described nethods of vascul ar surgery may be
varied in many ways, including, changing the order of steps, which steps
are perforned inside the body and which outside, the order of naking the
anast onosi s connections, the order of
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10 steps inside each anastonosis, the exact materials used 1f@r5EtH1€g&%3
anastornotic. connectors and/or which vessel is a "side" side and ch
- vessel (or graft) is an "end" side of an end-to-side anastonosis. Further,
in the nechani cal enbodi ments, the | ocation of various elenents nay be
swi tched, w thout exceeding the spri ELE{%\JIQE di scl osure, for exanple,
switching the anvil for the cutting edge 1n the hol e-punching devices and
switching the noving el enments for non-noving 15 el enents where rel ative
notion is required, In addition, a nultiplicity of various features, both
of met hott and“BRUARRISCORBRROIARFPIIESNS ddtt 19 & tasgas vbaseh comprisiez:i at ed t hat
di fferent feafu : Tana)] I I ... Ln particul ar, not
©8ol1aFBaEBE, a‘a%gtﬁﬂ g?gl&'g?c% ?E&fti%ﬁ %e %ﬁﬁﬁéﬁlﬁ

all the features shown above ul ar are necessary in

every sini| ara penafase spidte et rdated fo tdveni oM eald ellar sketfonhald caRFRNIRALI Ons
of the ﬁ&v fﬁat res aLe al so onsidercfd to he wthin the scope of sone 20
preferr odi sCa5P of 158id; Spires erated fonlrangiiseidogratt sadperstratensaid tagair es
of the ivedgpti on described herein may be adapted for use with prior art
devices, in accordance with other preferred enbodi ments of the invention.
The particul ar geonmetric fornms used to illustrate the invention should not

be consigfered, | imting_the.invention in its broadest aspect to only those
f or ns, f%r eanrrép eé,“"tvﬁ'é‘?ce@r%fn%itf’c\f}fl’é? ]:’u‘fﬂi;‘?'}“?sé“gsﬁb&ﬁ’ﬂ“ iofe Jorkepe erlerBentnvt s
an onal ihtefBeking Saidrepiked Sectish dnd Hi§ Coltr kititidnt he scope of the invention are
surgical kits ich include sets of nedical devices suitable for making a

single or a small nunber of anastonpbsis connections. Section headers are

provi ded, onl y, t [.St. LD i i ng the.appl.icat.ion,and shqul d not h
construg}d asAr?gIélg%?gr &9%% ?%téﬂ?hévthfﬁl?féﬁpslo %ﬁlmtil?l%%“Eérqnaﬁﬁg
sect i on,coller gdtdn.secti on. Measurenents 30 are provided to serve only as
exenpl ary neasurenents for particul ar cases, the exact neasurenents
applied will vary depending on the application. Wen used in the follow ng
claiys, £he t ; L AT Il S1:nQ"... - Lhacl udes” , "including” or the
i ke moans. .t cameefoR ARERRAS o clpif SR o gcfie MEBRne el it G erge
appr eci akfidedby mipspikoseckinl | ed in the art that the present invention is
not limted by what has thus far been described. Rather, the scope of the
present inventionis Ilimted only by the following clains. 42 10 SEP 2003
CLAI M5 An i n ] F £t to a target
vessel , ]§éqrrpr@g%?@%ﬁrﬁﬁgg‘ﬁﬁgfegg@%?%gg’ggltglaa eéﬁ fig&cg(ﬁ%gaggmgmp%??ﬁ%%aof
the grafspringradtion, which action resists relative motion axial between at least part of said spike

20 section and at least part of said collar section, with a force dependent on the range of motion.

6. 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
S a separate spi ke section, adapted to nount on said coll ar’ ge‘é‘f’i oag}g%\nd
conprising a plurality of spikes, each of said spikes adapted to transfix
» said graft and penetrate said target vessel. 2. A connector according to
claim1l, conprising at |east one |ocking element for 10 interl ocking said
spi ke sedy] onAajansadOa 1 i @n = ALG ording t | ai m 2,
wherei n said | ocking .elcg@nxglﬁgoz&%%é %ghgrﬁuﬁsaﬁﬁgmgg% ?%P%%%rlbﬁqg%gaﬁ %as TR
connect ofPeAEEAR dhaiparinagdraivideZnougleforione sfdaitl $pdlodsittBe BRI Th thiehgs W th an
aperture defined by said spike section. 5. A connector according to any of
clainms 2-4, wherein said | ocking elenent provides a spring-action, which
action resi stA doah&dby Rl auty af cRehy8eld abhek GRS ‘dp&ﬁl;a: %Ecﬁ%ﬁ' cﬂ:ﬁ?lgs' ke 20
section and at |least part of said collar section, With a force ependent on
t he r5ang‘§’h§ﬂﬂ??éﬁpb‘me-b. A connector according to any of clainms 1-5, wherein
sai d spi ke section conprises a super-elastic material. 25 7. A connector
according to any of clains 1-6, wherein said spikes are pre-bent in a hook
shape, slth tAzbmseict abaedinghapsy bfclatant-9d, %Her@f%%ﬂlec&l@?sécﬁf)ﬂ% ac}é@&ﬁ%' 8.
A connegbtgor accord_llgjl% to any of clains 1-7, wherein said collar elenment
conpr i seSTE & RsTRspdicikeyansstomositge el ements proximal to said target vessel .
30 9. A connector according to claim@8, wherein said flange el enents define
apertures for said spike elements to pass through. 45 1u vC 2003 10, A
connidct of3. ac cArdinrgtdr acalrdinmid anybee1ging Bk dwhdraiRGaided HIRE MeSioh ‘3’3%%9’&:&3:
| east ong %ﬁeghnl? in their perineter, w de enough for one of said spikes
to be br8UGAE OPRIHAEHGMOSE | . A connector according to any of clains
1-10, wherein said collar section defines a 5 cylindrical volunme. 12. A
connector according to any of clains 1-11, wherein said collar section is
adapt ed ¥o  fAn anastopmtio@ntiertdrdor emasdtngosiaft tolDtaddt vésselpBaBSiMHg: accor di ng
to any of clains ?-12 wherein said collar section is adapted to form an
obl i que anas t*otise fU engaginggai tonoti c connector for connecting a graft to
a tamget ves 1mgg;rm~r' Wl W s Ot I .S Al [ .15

plurality of S&?i kes fg?&'f??ﬁﬁﬁf?%gf%%?%:%?ghggr%ﬁ nag%%f%féu’gséf’ld“?%r get
vessel ; and at least one spring element attached to at least one of said spikes, which spring clement

couples a connection beiween said spike and said base and allows resilient motion of said

spike along an axis of said base.

20 15, A conmector according to claim 14, wherein said spikes and said base form a single

element.

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.



at least one spring elenent attached to at |east one of1§]ai85?s_@ﬁ]{]§es, whtch -
spring clement couples a connection between said spike and said base and
~allows resilient notion of said spike along an axis of said base. 20 15. A
connector according to claim14, wherein said spikes and said base forma
single element. 16. A connector according to claim 14, wherein said spikes
and sai d_base formtwo separate elenents, 25 17. A connector according to
any of cP&i msAlpnretondternding toanyl of phinng 1 4OPIhGES, ach lofkai€ Spikes Bilat Mgt 18-
A conneclor: aceor ding to any .of clainms 14-16, wherein said spring conprises
a | eaf é‘gélélprlfe S?ﬂtfgs.oc HB&t or according to any of clains 14-18,
wherein said at |east one spring conprises at |east two springs in series.
44 1 0 SEP 2003 20. A connector according to any of clains 14-19, wherein,
each df 4hi d AprRressraccerdingdagny oﬁda‘rﬂsnuammdﬁhfeﬁn 8 oo g@ﬂiﬁhﬁ?ﬁfd_@%@l.

onnec 0 ' to any of clains 14-20, erein said connector i
éo(r:]fi gur%ﬁfofr%?&g%pgé‘?%aﬂﬁp bl i que anastonosis. 22. A connector
according to any of clainms 1421, conprising at |east one tab associated
with one, spi ke of said spikes, for noving said spike 10 23. A connector
accor di ntft o ClRPRATPYr acgpreing te anyiof OﬂEEMSilé%idaﬁpdsmglat I@Ztr?mhm@gs@giaﬁged
spi ke. : gﬁg@ HCQr i 0o claim?22, erein sai ab is ada
fgr advg%l;cﬁllﬁgg al d&%%%?ﬁ%égkg%ﬁn&psﬁ Sé’tlr?ffs for delivering a graft to an
anastot nosi s, conprising: at |east two tube-like coaxial elenents, each
definin n aperture adapted for inserting said graft such that t.he g'raft
exits t %’TﬁughRaFOPF?Cé?r ¥iarding daichin i -Wherdn eiaishtabt is; adaptedtfot eetsicting @aid
separ at afpj@l ement nmounted on at |east one of said tube-like elenents for
splitting the other of said tube |ike elenents, so the. graft can be _
removed through a resulting slot, which sl gtS s\mns said fhrst Fggsﬁmgnzal d

i i erein said a

223;? At & 3 g;ﬁfﬁ%gﬂ g acepng 0 it 22" WFervin aaid Tk s 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. Apparzitus 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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25 which cuts said slot. 27. Apparatus according to clai m28 9P 2083 m 26,
wherein said at. | east one separator conprises a spreader which w dens an
~existing slit in said tube to formsaid slot. 30 28. Apparatus according to
any of clains 25-27, conprising an outer tube which prevents said tube

Aopar ot Un e PSS ckordls !, O ¥l 523 bt S3¢ ubRATEE efens Biven s
are ada%‘%aggeﬁﬁgc%@?ﬂmﬁﬁtom%ﬁjﬁf‘gs‘?;t“@é‘&ﬂ't?’él-bet ween them 30. A method of

detaching a graft delivery tool froman enclosed graft, conprising: 5

splitting, apayt [ ol,.to forma slot, using a slot-form ng el enent;
and rem)gq'ng ‘éﬂ%ﬁﬁcf%#‘{éwtch’rn@ aég]F]él"eﬁ ool frgm angnglesecheraBoemmising: t o cl ai m

30, wherein S?ﬁ%%fsﬁﬂ%&gto%ﬂﬂ%@1ot’c%&r s?@éfoﬁg ?giﬂcem w&];hal%tg splits said

tool. 10 32. 0d, according to_an clarns erein said

sl ot - f or mi ng "EMEVgsaid gl fireush sidgleleader that wi dens an existing slit in
said tool. 33. A nethod according to any of clains 30-32, conprising: 15
retracti at ,1 east; one tube that, encloses said graft. 34. A nmethod
accor di nt o %l"é‘%ﬁﬁds%‘i"%%ﬁ%%  cfaign 30, Whereln syid slotiPreias slemeot goaprsa ridifea
slot f spljtseisitent . 20 35. A nethod according to any of clains 30-34,
conmpfg sing noving said slot-formng elenent relative to said tool, to form

said slot. 36, An anastonpsis connector conprising- a ring shaped base
havi ng att-axid;mpthodaccemling ¢menp| of elaing 361315 pitiessin ospid isiotdomieing dleaitd

ring whegomiphsePd hrédiiek Bt Hidn@SRbhiskhe 49 1\Qlq Rt rate a graft on which
said connector is nounted prior to being attached to a target vessel; and

at | east one transaxial thickening in at |east one of said spikes,
di st ancesd. f r omsdticd acbordingd0 ady of Aa@BIESE, QbmPsHSAEdI Ng to clai m 36,

co ising a al i spikes inting Tn an opposite direction

frgﬁl{ssai d fi r%?gcg@gag*ﬁ sﬁnﬁéﬁe%g.egﬂoﬁﬁﬁﬁ@(ﬁr *according to claim 36,

wherein said thickening conprises a point where said spike splits into

tines. 38, 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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39. A connector according to claim38, wherein said tinesidy &ffhongser than
a thickness of a target blood 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 spikes do not apply radial pressure towards

or away 40,0m Adjofinédtdtdaccang Weplyedaintlae o NEidad Al ﬁqgés@‘oﬂé %ﬂ):ﬁ&g_of
keni ng, conpri sing:

rel easi ng.an anastonoti ¢ connect or having a thickel

cont ai ni ékegéi?"dm& B PrRsYRE By ardioon avr dtom said ring, aaee deplgyadei ng
constrained from axial notion by at |east one protrusion defined on at

| east ong of said tcﬂb$5; and renoving at an outer one of said tubes, such
that t he*conn@dbgthodief epnizinigpandireleasing ar anasiomotic ewmedionbaving pdbicksnisgi d
at | east, is?:{ggtrusi on. 10 42. A method of perform ng an anastonosis

bet ween a&gjr%a t and a target vessel, conprising: inserting an anastonosis

connect or i nt@ntdieng asideonyesardictwesnefweamibig saill thRR&tn® Beink QLUAFShcAkdg Of
sai d connegtor; 5art$e;t§racti ng said, connector such that said forward spi ke
t

engages Bidnqtion gl prefrmgiondshiped on Aeastpue ofraid whexiend 43. A net hod
according to L4423, in.C - et h.d t Si.S_ CQRprise
rel easi \r/]tgi;at Iﬁlélgg{ﬁ]go%e%%glgra %@%&g’s%ﬁ @%ﬂﬁiec? cFIgr él%u%rfé'@ agii the

t ar get fething Bhof donshraived bpdaid at lerdiong ptansioni m 42, wherei n conpl eting
sai doanastom)si s conprises locking said spike to a part of said connector
ot her” than said spike. 45. A nethod according to claim42, wherein

conpl et sapd thﬂi,’é' I . I.n ind i retract
t owar ds 4’?(% aaz?)a?lt% ﬂ!gfa sai dffg%%%gg%%ﬁgsttﬂégm% ﬁﬂgﬁ@%&zﬁ g g%hkgﬁ (E)Afg%ﬁgtpl}’ﬁé:sﬁﬂ
mechani swafwisingunchi ng a hole in a bl ood vessel, conprising: a sharp tip
adapted for puncturing said blood vessel: a shaft having said tip at one

end t her eof ; StF4Rg 1 DpSMes cARPesiot A dhefamsehyessd: said tip ; and a second

wi deni ng el erfeRbsiflk ekt bt AP pISlrkidEGE! ement, said first and
second widening el ements defining a narrow ng between them which

nar ridwi ng i s reidamingdaidsonmtarisnch tapraitfoowand spikeedgages s€tl tavadtlvessahdnd 7

. 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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1 0 SEP 2003 a coupling elenent for coupling retraction of 1dhiSdPtippggnith a
relative notiorr of said w dening elenents, which relative notion is used
to contract said narrowi ng. 47. A punch mechani sm according to claim 46,
wherein said tip retracts into said first 5 w dening, thereby pulling said

first wideningcelpiimgnilethawaofsoging weatd of HRNPHi! £78HMve ABtiof oPLagh
mechani sm according to claimA46, wherein said tip is m)untec? on a tip-shaft
and sai deq%Bm% ants, wihish mslptive motien isttged Heconbpetshl tarmmingsher ei n said tip
shaft is coupled to said shaft, such that after sufficient retraction of
said tip shaft, said tip shaft engages said shaft and 10 retracts it.

49,
A et hotddf  eseninich gnevhamisdt acco@iiy foStlatn 48] 8RR sSdith Mhakd i%tyﬁ&'ﬁr%n
i nt er nal n.dretlhl aBd %T‘ outer_tube, .and pushing an end of said graft back
over “sai WagRipe therery Balling spid fisg videning elemgnitowatdgisaidsecond vipering elgment.
repeating said pushing a plurality of tinmes to achieve a desired anount of
eversion, 51. A nethod according to claim49, wherein pushing said end of

sai d grat® cofpunsemeciiisay ectordigg tdelaimn 46 onBsreinahlll @y isSholiBon B 2p-Magdr af t
everter,an(go L Si ng: aﬁt' p adapted for npunting an end of said graft

t her eon; 534%;1‘?1? IJERet fé)bf‘f@@‘m&ﬁ tigrsbaki gnd whareimsrie tipshafbiscoypletlito eaid
over saighaftl fich 34 afer &AL i3 ) 0f cex j | 1S AALsposed. bet wee
said graft stop and saiél %1?1%@%%%:?&39 Off ?ﬁg?ﬁghﬁgﬁaﬁ%ﬁgﬁﬁ%ﬁ%%ﬁe@f%qunﬁ
whi cH t elradiaite an external diameter larger than said tip and larger than

said graft and an unexpanded state in which the dianeter does not suffice
to engage said graft. 30 53. A nethod of nounting an anastonosi s connector

havi ng s, kesa Wdiod diRSefingl papdoRptisingf @ |umen of said connector, on, a
graft, conprising: maintaining said at Teast sone of said spikes in a

twi st ed configyespis wid stafbetwesn aniigemaf maghelchndpnloatr hirdaidit o t he | unen;
483 1 0 SEP 20(1)15 .transL%x' ng sa%gﬁgﬁaft oig saji\d tips; and changing the
configurati o of 84§ Pt)%aq%r BUE 5484 et hod according to claim53,
whergi n changi ng the configuration conprises 5 releasing said spikes.

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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55." A method of sinulating eversion of a graft, conprising: ldbmifeg8ihg an-
end of said graft into a formto provide a thickening of said end; and

- transfixing said thickening with at | east one spi ke of an anastonosis
connector. 10 56. A nethod according to claim55, wherein said graft
-conprises a neamsfixiyg 84 @Faft olbaid fipsiahod according to claim 55, wherein
said transfixing conprises transfixing alon an axis of said graft. 15 58.
A met hod accot@rgins ths conBgwrtion ofaish tiwstobandiowty ansfi xi ng conpri ses
transfixing oblique to an axis of said graft. 59. A nethod according to

cl aim55, wherein said transfixing conprises transfixing 20 perpendicul ar
to an axdds ofAsaelodrabérdinfiOto Alamt FDdwasen! dhm%iﬁg) i Yo guedtRinMBomprif?.
wherein said formconprises an inner nmandrel. 25 61. A method according to
any of ﬁgﬁﬁ%g%dﬂﬂ#e%erei n said formdefines, on said graft, a flat end
surface for said thickening. 62. A nethod according to any of clainms 55-60,
wherein said formdefines, on said graft, an oblique end surface for said
t hi ckenidfy. 38 nEthodAdfivirtiiiatihgeessicl op grafipsmpsing: ai ms 55- 60, wherein said
formdefines, on sajd graft, a_ ngn planar end surface for said thickening.
49 1 0 S E P °oBwessing ah cpdphed srfiinornsiors;te groyideorthiskewng efhsaid gpdipnd
conprising; 4 L I US: _ r af Lt.hout, everting
the graft; a&tﬂﬁgﬁﬂg%é&'{g t@gaégltq{%aletg étp]?%é%@?spg%? %0%3%8#8% c% “GFel to said
grafto, such that it transfixes said radius increased end; and 5 bendi ng at

| east an.end pof said spike to forma hook. 65. A kit for a bypass
procedur®: c d%ﬁﬁ%%?gréi“gl tg glafm SR eWhergin sakkerafl GOBBEESS GIBRRBARHIEEEL or S
nounted on two ends thereof, said graft and said connectors adapted for a
peri pheral bypass procedure; and 10 at | east one guide wire attached to one
end of s¥id ghafathodo@conling to daimofiwigrdin saidaransiiting whepdies teabikitgalagt or s

are enbedded | ai égift-ends of said graft.
an ax1s o1 said gr

15

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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] 5 67. An oblique hole punch, conprising: a shaft; a firstqpo E.ﬁ'i@g | ar—~
edge oblique to said shaft at a first angle; a second non-circular Se
oblique to sald shaft at a second angle; and neans for reducing a gap

bet ween said two edges, so as to cut through vascular tissue 20 placed

bet ween 64flemAfiﬁethd&cﬁﬂmbﬁﬁﬁgabdﬁﬁt@tdr@n@gﬂfﬁpc@ﬁn?ﬂ‘ﬂ&ﬁ{ ein sai ddt;/vo angl e
) erern sal WO angl es

are different. 69, A ach .accordi to claimb67,.

are the sa_ma.m‘é@asmg.a%@ﬁé@&?ﬁﬁﬁa’gmﬂtﬁ?mﬂ%lﬁgﬁ@ gieftes in a bl ood

vessel duri Ngadvakaynat Gedel OREUPIKE, of GRIRGLSICRY: gérahélptof Sid %ﬁt fch R @
co

vessel ; a rigid handl e, adapted for keyhole surgery and dto sai
tip, forTEEHETSORIGHaius mosemsedyend; ard position of said tip;, two surfaces for

receisvi ng t hepatyaluoSit QhettA@nMSP Al SilE fPEg ai d puncture; and neans for
bring said surfacegs t oget hgr for Bﬁ#chi%&qsag?{?ﬁhol e. 50 1 0 SE P 2003 71. A

punch according to claim70, wherein said tip is snmooth. 72. A punch

accordi to in7 wherein said tip is axially grooved. 5 73. A nethod
of heat - r'eat[i({\rllf‘gfgﬂa a?gst%rﬁﬁ%c{]%e’(?%ﬁgﬁ'g%r, conprising: fitting a cut

connect or i Nt 1gastohélgrdf Kivisk aRisEbniddcd e HBRImBRLHEd foﬂrt%rgﬁls d.agisyar ds

spi kes of said connector into a desired configuration; and heat-treé&ating
sai d fi x&@ft eashfpdd eommectorradapipd fors pririphetiat bypassmiodednomndjur at i on. 10 51

ABSTRACT VAS SURGERY An_anastonpti c .caonnectar for connecting a graft
to aﬁf\ar get \c/&éjl‘srés%g?nec%l erﬂ?ﬁtgﬂ*’ge‘i |9’|’ec?81ilogﬁalg ion (104) adapted to
engage a portion of the graft; and a separate spi ke section (124) adapted
to nmount_on said collar section, and conprising a plurality of spikes (126)
each of 96saj d* &piarearding 3o ¥laim #pt wherein saidaesheotors arekrjpesiled inPvaif endabf yaidt he
connect gf gonprises at |east

15 67.  Anobligue hole puach, 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.

30



one | ocking el ement for interlocking sai d spi ke section (124)( Sbid 268d d
collar section (104). Preferably the | ocking el enment provides a spring
action between the two sections. (Figure 2F)

71. A punch according to claim 70, wherein said tip is smooth.
72. A punch according to claim 70, wherein said tip is axially grooved.

5 73.  Amethod of heat-treating an anastomosis connector, comprising:
fitting a cut connector into a mold;
fixing said mold to bend both forwards and backwards spikes of said connector into a
desired configuration; and
heat-treating said fixed connector, thereby training it to said configuration.
10

il





