L€ Egj g$X6TjftLr :~*'~ . DESCRI PTI ON DEVI CE FOR CORONARY ARTERY BYPASS
GRAFTI NG ON THE BEATI NG HEART 5 TECHNI CAL. FI ELD The present invention
relates to a devi ceelmmmu“mwmm form ng the anastonosis of a bypass graft
to the coronary art ating heart. 10 BACKGROUND AT, hpzroggent
years, intervention treadgmnts, such as percutaneous translum na
angi opl asty or stent placenent for coronary stenosis, have been w dely
applied for patient suffer fromischemc heart disease such as
nyocardi al infarcti H”MWM,”MMLl onal treatments provide shorter
post-treated hospit atients because nethods of these 15
treatments are | ess invgelrRe to patients. However, patients must receive
observations over a long tine after hos léltal stays because restenosis often
occurs. Meanwhile, coronary artery N | ng (herei nafter abbreviated

to CABG has been applied for patients. CABG procedures conpri se exposing
the heart, and perform ng the anastonosis of the bypass graft to the distal

portion of the cor oREYIGE & CORGNARY/ ABTERY BYJST GBAKIING st al
coronary artery. This method of to patients in ternms of
potential for no restenosis in ef%m‘%g%?%@gggl od. CABG is applicable
to many of patients who have sone risk factors to the interventional
treatment. Ri sk fact re, for exanple, restenosis in the post-treated
period of ||41Feﬁ:§@ﬁ&i“g‘réﬂ]ﬂt eatnents, serious heart failure, occlusions or
stenosis in a 25Tk ‘ﬂfe%édttlf{ve‘ﬁfm&&'lé@ébablé R icB uk&BSfor pevrérhiinE Bk 1aQRktd hos@sSsrendi ng
aorta, chronic diaeases in brain, kidney, respl ratory system and/or the

Li ke, and aMypaseirad tadke orongat artery en theheatigihedst. t hese risk factors to
interventional treatnments are also risk factors to CAQGGwith
cardi opul monary bypass. Cardi opul nonary bypass has allowed all surgeons to
performltOheBzﬁéK@ﬂlQidNﬁiARTgood patency rate but del eteri ous chfects of
car di opul nonary gi to 30. atl Y\/not g)o>e ri t ? s are wel |
documented. In t recef‘ﬁ&'s?%rspé ‘O" Ve hE ﬁgﬁc nai‘)rf’ee&cuz"ne?ub Iranslumigaly gy
2002 -2 |f aﬂgﬁsﬁlhﬂﬁbﬁst&ﬁtd}lmﬂbr&lfoxsdo%n‘aqt aeaosB/ kavalbeen widleBeapphed FoEﬁatte@tst hose
patients nenti o%&g gbove CAqugrgﬁedures woul d be Ferformed on the beating
heart withotho T 600 MSREIRY B9 aleash, s asamyecardiplowfarctign; o Interuentiopdlasi ve
techni que i gefitlch@bréVide SHorbr FABGAOLIRbRATISE tRPilcAdIRERGe MR HBhe@nd
becom ng increasingly popular in 5 terns of a neans for saving such an
abandondd pHEMBIKALS aThiESHINEAASH PRUCEY  HonEevisy padentymystireseive nbsdrytinng ougider
tenporary P9 c%rmh e AThBI0i Al ShAlbe e SLARICIIch BLGRL coronary artery 1o
provi de a b ess o eratl ve tield. Further, the least invasive technique
cal l ed mini mal I yMeﬁv\a weomnarwrterdchymaw;afma @espirgftprabbrayfadd to KEABG) has
(hereinafte b i o
procedures ([3&[%% ﬁé!({ %tllé(?gsel\%@ ert gt}r%ﬁ“o& gel% Cﬁﬂltg tﬁ]ﬂ&nheargergwwc’l ef t
or right antteranostoxsnm bf uhhby;arss)gnaftyo thedlistd pogdnall tlﬂ@rmt)ostmomlsmopdoeldease

of CABG p g{ S oto ai ni osure t he coranary,
artery, ‘ﬁlat lé’mt? WP i§ fod%‘% 8 esr?'aaihfs mﬁtgg% i Yy Z@%’t&%g%ﬁ PHSAEH or
more and sutd‘rmﬁedpdtémml ﬁﬂS\b@d‘WﬂﬁilS ineth@péstopetativé periodase of
CABG is applicable to many of patients who have some risk factors to the
interventional treatment. Risk factors are, for example, restenosis in the post-treated

period of interventional treatments, serious heart failure, occlusions or stenosis in a

(]
i

plurality of coronary arteries, calcification in ascending aorta, chronic diseases in brain,
kidney, respiratory system and/or the like, and advancing age of patients. But all of these
risk factors to interventional treatments are also risk factors to CABG with
cardiopulmonary bypass. Cardiopulmonary bypass has allowed all surgeons to perform
the operation with good patency rate, but deleterious cffects of cardiopulmonary bypass to
30 patients who have those risk factors are well documented. In fact, those patients have been

abandoned.



MPDCAB with anterior small thoracotony) however, patients would take no
pain and have 1 ~ good recovery so that they are able to take a nmeal on the
next day after the operation. Thus, M DCAB of fers nmany advantages to
patients in ternms of shorter postoperative hospital stays, ggq@afggb@gs,
and superior postoperative appearance resulting fromdecreasing trauma. In
OPCAB and M DCAB procedures, it is difficult to performconpletely the 20
anastonosis of the bypass graft with good patency rate to the target
coronary artery in a short time because the heart is beating. In order to
resolve the problem two types of devices for target area stabilization are
devel oped and are in use. One is a conpression type stabilizer, and the
other is a suctign type.tissue &t bilizer. Th lconpressio type stabilizer
conpri ses, as de c?'?%@ﬁs‘? "¢ Bf ‘%@5 ogmy) Breaatig o ke gppliegtop those, pflents

f or k- shapedmewiode@ ghodd,t @& BEUpratedub Wé 00 he RefoMhied HE (R BRatiAl Siesh ARG oaNd
the nunber of |egs are not restricted thereto. While the armis fixed to a

st er num r et FaeaEMonpY byRysy sk cerdinpragsst ¢ hRistleysgavasiycetschimarer sstafled ottt he
motion of t Ko, IVOORE thitbhahd BV iatdithDBCABY hRbeBRS HRELE855, e
result of dPr&gct venghi V{/?—u _caorrpr :aaési on w | I)Jr_eduei:ced ns E‘gigs§%6%%ﬁgmls@cti on
type tisSueteshabf himeans ferssaviog snéth el abandofedr pagigeinplhe, ang8Pmpsiy 27 {89 pass
imobi lizes the target are rovi di ker. to the surface of the
target ar eagraﬁ i pggg%%f%ﬂ%@?og ﬁya%ﬂ)ﬁﬁ]élﬁfﬂ ﬁdg&s%r“fqggcectht‘%oq ﬂtreraﬁi‘glfgﬁ"f‘argnd

pul I'i ng t heardig keprowide  bldodleks gmumiveffictdre heart. However, internal bleeding
has been observed in the tissue of %‘3‘5' heart urface after operation as the
result of syctioﬁ“rﬁ’lﬂ’tﬁhgs]ﬁ@t AtVaiye t il G3H Sipigagy 1BERSte diech comparyg.
Since the sjggyq 55@%rzﬁﬂ%ﬁeréi%ﬂe@%ﬁ&evib@@ tQWAPY)eisfdpfiiQi REGRRRS. 119R
small to perform5 |Vl B procedure with anterior snmall thoracotomy. In
OPCAB prl8ceproeedurastofithis igsheiggapsy Regforntdaeretiv Hetgdicprttv tholsflair niggbaderior
exposure of sntlﬂﬁ theth @fm U@ Yo Sidhmotb the, Ga5CaQl PRGN REEPST
exposure of the left coronary artery by medi a sternotony, it I's necessary
t hat the hestemofosyrfot abteudintgeexpbsrpat thegptopanyiagiaty, patings were abligad tostay in

eneral ly conducted by. inserting a v4 ad.at th osteri.or surface .of
Phe 10 hoar EPHGVECaERY pRREMG B rRCORE R0 P BeRARLE BRIt sftR o
excel | ent expDsuBewl afitbdortsafaf ehoraat@naripwardrepayiche daukEakegs S6n oid Kdve
rotation_is not controlled. Furthernore, sudden reduction |n blood pressure
may occuP WEROY TEFRYEEN Y HBh theyi 4R ablRdoHeke 3 Med' ke next fax atterghe joparaliqn. ng
the gauze pagls, MIDXHR fRRA nithPGARMIRE @8 Waltdnts 1) erfld" re@idrtPidBodicheR@ikE Or M

t he anastonpsis 15 in the time for which the blood flow of the target
coronary arlespijalc sayhecast cHPEES: A4 SHRFTIOF nRPSHREIPHYS GRPEFancherepiiipgtirom
coronary ar§&rdsih@tralilg anastonosi s gives the patient extremely dangerous

conditions such as ventricular fibrillation or the like. Therefore, the
surgeon tries tonp@PESBnhMIRRAS prassduwes. it & diferut toj pasformhgamplé¢tdyetber |
may nmakg,un . b S 1105 A VA Siin Q. Y, .graft
o cor ol y AP RSk df RRTAEE Buudo e PR S el R BRRDPA
henost asi s sifortt tiree becausathe kmattas peftore. t eordeawt wedwd thehmeblemt émo alpsepfed in
t he postoperativ eriod. | rder LNk er ni he hlo f.l ow of the
target corofar§® g?tltottgrrgflap?rﬁats agmé‘ggoél Lirg dﬁgetlo r?gs‘:' %r%s'él oo Eg‘ef%f"l%v"\ﬁpﬁe sion

t echni que hgge belEilizgeaerthd dtjierlis eductivo typcaiseatabilizer € ar ound t he coronary

arter roxi mal and/or distal to.the site.of the apastoposis; pass. each end
o The Busar ot e e St e B, o M6 BPeh” Be o Baea dlon

whi | e pukl i 53U aacihdeok-ghpddnevodedstitiacted st the Grohh@dpoiitaral ThesRptasd S.
the number of legs are not restricted thereto. While the arm is fixed to a sternum retractor,
the two legs compress the target area and restrict the motion of the myocardium. [n fact,
cardiac output has decreased as the result of direct venlticuku compression with reduced
stroke.

30 The suction type tissue stabilizer, as described in, for example, USP 5,727,569,

immobilizes the target area by providing a sucker to the surfuce of the target area,



Howgver, >Jndo et. al. report in The Japanese Journal of Thoracic Surgery,
Vol. 51, No, b, page 704 that the post operative occlusion was observed at
t he point of henobstasis of the coronary artery because the coronary artery
woul d be damaged by receiving overload force to conpress the agqj ngggz
artery. In fact, the force to conpress thc; coronary artery isS no abl e
to be under control according to this technique. For such a case, in sone
proposals a flexible and elastic suture nade of ., 30 May 2002

pol yuret hane or porous Tefron was used wi tf1 the purpose of reducing the
force applied to the coronary artery, or a Silastic tape was used for w de
contact area with the surface of the coronary artery to conpress the

coronary arter ently. verthel ess, as g.fact, the stenosis or qcclusion
in the post op‘ét_%%h?‘i’glg“epsé?éy%dt%éﬁ Sﬂ‘g‘é:ﬁ’ i‘f?lt%‘ l"&b@@rs\%‘gc_ry”é‘t‘h IEH%“*SP%I_@F thedhediduce
the force apmdwdet Anfehfll GREGNAMAs Debro¥serddacint @ hitkeier dfe RASSLBHct REer

suture through surrounding tissue of the coronary artery has been proposed.

The tissue woRE@lipn aythg rpafttofsictioncfdirematabarasiim pessisrdabort Sfmmbsgi on.
However, sincg a MEeHl&rAS s @:disf19%?%@3%&%@%&%%&& 35@%&93&1 thﬁeerﬁgiﬁue

around the coronary artery, the cordhary tery 1tse may be 1 nju th
t he needl é RAIMCwB prachdwe wiib anieqomsnmlktbsracdiemg.onpr essi on 10 force

uncertain to occluyd t arget coronar rtery. obj ect .of the present
invention is to p:f'bg)rp Eg‘%apra‘é&%&ee “f‘%Pecgﬁs}(lglaV g [ﬁﬁ tpéﬁ?aétbtlf’f%@éﬂ g%dﬁp&\]\{e %§;CAB
and M DCAB prigseeiet esronfQits Bbtheehseff dbbiéning pHPBL expan@sof @t lefi chRnary
provi de a device used in OPCAB and M DCAB tgr ocedures, which stabilizes the

anast onosi s 4Fte Wi PRGE SteeeipBsE IpRecesA hat the BeasyispatatedAn shenpaticaltsj egdt. of
the present ifyenthgRid &SEI‘QIIPE@}%&% By IRaRA ¥ 38teipdd e Boatith: M APCABY the

procedures, for obtaining excellent exposure Of a target coronary artery to

be anast olfbsddari Hpwener.deisditfiset with ¢his tickqusup phtain gxeolldne exobjre of theftargéte

present inventi i i s..used .i d M DCAB
procedur es, \ﬁ%‘logﬁry p?ngwgg‘%ﬂ% g%é%dgfﬁgﬁotﬁ Z‘S{{J Héeq?ﬁ%&’{%”%oc%%g?rumﬂedﬁ?“i{%@ t he
anast onpsi s @dduatidyipddmdgratire tmay ohaur tvdieg éte sorpeomenise thr haartyto mhkoh iaace 6 ect

of the present invention isd to provide a neans used in OPCAB and M DCAB
procedures, WHFEREMGHAEI R, | 0ad force to conpress the target coronary

artery at a m ni mobPoA® 4@ MIDPAB ,J@d;&eﬁ%eé,ltm\surg&pﬂs RepRfRand ak8iaikison
lies in a device for_coronary ar rafting on a beati n% heart,

! ( éﬁry ypass 9
used for Per tbHsitiie fopwhichshpllped Hew ot e fatest eprofary fgery canboraprrdar bng,

whi ch devi ce ;6RMREILSES of e TR SoloRAry AREGLH e BnIRMdsisldies PRT kiRl AGERAY
exposure of the coronary artery and absorbing notion of the ‘beating heart

to provide neenesreus sauditionsrsush aawendrietarofibrilafipn priheglilsn Thrscfarsadicownssios; a
reans Tor Praydds gryfwgggg bR heatiistal THMORAANUEN G drlftcesstul

anast unosi s 3 -5 of the bypass graft; and a neans

conpr essi ng astonmssiainyitapeadusiontad threbyipessrargit endormmiarysartirdafter dle apemtiosi on of
the anastﬁrmsi S PRRd Ltgr?dsistaq (R S&ntbéﬁn%%ogtja&”of‘ Mz %Hg)maxtyhaerte?yoFb? dicd Q’nag‘t[ntn%gig to
has often observed in the postoperative period. In order to interrupt the blood flow of the
target coronary artery in the area to be anastomosed, the following technique has been
generally used: to place a suture around the coronary artery proximal and/or distal to the
site of the anastomosis; pass each end of the suture through the passage of a tube; and slide
25 the tube down while pulling up each end of the suture just to the point of hemostasis.
However, Endo et. al. report in The Japanese Journal of Thoracic Surgery, Vol. 51, No. 8,
page 704 that the post operative occlusion was observed at the point of hemostasis of the
coronary artery because the coronary artery would be damaged by receiving overload force
to compress the coronary artery. In fact, the force to compress the coronary artery is not
30 able to be under control according to this technique.

For such a case, in some proposals a flexible and elastic suture made of



. provide a bloodl ess operative field during the anastonosis of the bypass
graft. 5 BRI EF DESCRI PTION OF THE DRA'VINGS Fig. 1 is a drawi ng showi ng a
state in which OPCAB is being carried out using the device for CABG on the
beating heart of the present invention. Fig. 2 is a draw ngﬁ)hg l,Bgoan
exanple of the pad of the present invention. 10 Figs. 3(a) to %&) are each
a dray ing sho~,ving another exanple of the pad of the present invention.
Figs. 4(a) to 4(c) are drawings showing a way in which the pad of the
present invention is used, wherein a heagt. is | ooked at fromthe apex
cordis. Fig. 5 is a drawing show ng an exanpl e of the perfusion catheter of
the present 1 ~ invention. Figs. 6(a) to 6(c) are each a drawi ng show ng an
exanpl e of the shape of the .tip attached to the distal end of the perfusion
ot hot or _of PYRuERBEanroPR LR ofh GRLSHR 45 REPoB R e BEdblirs tabehiser | ve
vi ew and 6( ek dofondrysety, anakilastieipe ag used foSwiRle @bkt HGe SYMHE Guide b &le
exanpl e of the perftision catheter of the 20 present invention. Figs. 8(a)
to 8(c) ar eCHRBHY ATWFAW KEMBKSWIFgCUANEX AHFIYe 8TVt hdeyerthelpsosasor frdiethe

present i nvepfddhr @AGsi&{ Bthd SostopeRELd ?é'}@d b 6%¥nQftreh BBscPRAldes and 8(b)
and 8(c) are each a perspective view of the shape of the front end of the

occl udes3 Figs. Byaeriertto rgiuey thgderce ppplicd des thelsomainagy astewayhe tachwiuetof pamsing
occl udes of ,t S i i i i 0 ( e
aravi ngs. sniti TyP6 FRERh s bR a6ty TOP AU pledadth B Belieonar
artery usi ngotildel@cepardesa afshivheggngsienfordervfeompassiol hHowevezy A 4 rivetilee

St enosi 5. Avanuer Ssing e SUnEHERRER 45 (sSRaTRBHSHaFJouY Ay oy corgnary

f|t a_bijl itsgr ; adie;}itfagﬁﬂay B@iinjdr!'t:cb@mﬁlthﬁl@éldé@Oﬂ?tﬁthenl,%s &@13{“@&1& alkds éthel @m B Eon 1 b:
n e; ) ree-way stopcock; . Syringe; : connector;

per: i siulgn foaguncartain @ZW%B’SEH@&FS?ECOW“SU %)ﬁb/-gooz _6_ 23 insertion part;

30: ocel uder:  31MeSher VGG PRRB e s 16 Biovi s Bt £R sally i RRRAG

ri hg- shapedce;re«ﬁtéaqqt Q?GfABoa&dMﬁb%erqcegmcé-capi 38 wire; 39: | oop; 41

suture; 42: pledget,; 43: : g’ R | NG UUT

THE | NVENTI ON ThAT tP‘érs"ehetC??éfvéﬁ{eF%ﬁ ‘?JégtﬁgLfEF? gre" Bg:)‘:‘e%’h &Ny @@mﬁ le

referring tMIDOARpoOeGuaE3yY Whighdtabilizag the ahhstorpods emeh withoentdcedasé 8f cardiac

consti hjl-ted bg three el ements, that is, a fluid-tight pad (11), a

perfiisi on tdP¥et er (20) and an occluder (30), and shows the maxi num effect

when 10 all the ghr&bfecOéEthe pREent TWRNIIN i9 e pRY RIERINhed)B Yisdd6in UWRTAB and
selectively. Explanation is made on each el ement bel ow. Pad The pad gll)
c

shown in Fi YIDSARBrogedues) E hiining gyoellent espesuzy ofed e soponpry3grtar to

anastomosed without decrease of cardiac output.

Another object of the present invention is to provide a means used in OPCAB and

20 MIDCAB procedures, which provides a blood flow to the distal myocardium during the

anastomosis of a bypass graft to the target coronary artery.

Another object of the present invention is to provide a means used in OPCAB and
MIDCAB procedures, which controls a load force to compress the target coronary artery at
a minimum load to stop a blood flow.

The present invention lies in a device for coronary artery bypass grafting on a

OS]
w1

beating heart, used for performing anastomosis of a bypass graft to a coronary artery,
which device comprises:
a means for rotating a heart for obtaining good exposure of the coronary artery and
absorbing motion of the beating heart to provide motion reduction of an area of performing
30 the anastomosis;

a means for providing blood flow to the distal myocardium during the anastomosis



15 fornmed at each end of the sealed part (14); and a ribbon (12) is
inserted into each hole (13). Wiile using the pad, the other ends of

ri bbons (12) are fixed at the outside of the operative field to prevent the
pad fromnoving to undesirable position due to the beating gpaﬁé 266p t he
present exanple, two holes (13) are forned, but the nenber o ers I'S not
restricted to two. The ribbons ( 12) for flxatlon of the pad are not
necessary dependi ng upon the site at 20 which the pad is |ocated. In such a
case, the sealed part ( 14) or the holes § L 3) are not required. 'The pad
(11) shown in the present exanple has a tetragonal shape. However, the
shape of the pad is not restricted thereto and, as shown in Figs. 3(a) to
3(c), various shapes such as circul ar shape, oval shape, tloating ring
shape, conc@6€w§Wap§gﬁépabde of covering 25 the apex cordrs of a heart, and
the Ii ke can be eg _d { he

| ocated. The padgrrlpl 8% g,(§§ﬁgggqgﬁugqupﬁg,§%&gn gﬂgi p"“"? ?ﬁﬁé

16) i s conneciledoi of teearpetoiogis portjon, A itbmrbbbodsﬂumthrm@ﬁhckhd cbﬂ)tn@rytzh&ry RS de

it at o't he Pped ioHs SFerBRE oo datehe B iR bt B ans e 11 ui g

tube 30 (516) is made via a connector ( (~)) provided at the other end of
the fluid tube Bet ween the connector ( 19) and the syringe ( I 8) is

provi ded a QE CRIBBEQNIOF THEDRAMINGS osing | 30 May 2002 the three
way stopcock (17kis qif hybhih s%@r&dﬁ%’e%?%ﬂﬁ R B 1>3m JPF{‘edD ﬂu‘s‘rﬁ Gyd N
the present inventd on I's ma a stretchable fl exr% teria has a
t hi ckness oﬂepccefoe(mﬂ@o@ﬂ&ﬁ)eatmwlesﬂomrﬁpﬁesmtum#cne@s smal l er than 0.0~ nm
is not preferred_.be aus§ danmage such as appear

during the use othgéS”'p o pa< ﬂwmtgl‘?r“é‘lézh% F%FE@C?OV%‘%HY%C%O“VFH % s not

preferre@ becausgiggh®apadihparcraik Befusihg shehiabiahothyr eimpld eXihBiphd by tHeO
absorb the notion of the heart beating for stabilizing the anastonosis
area. The nﬁF@WFaP@PBQ“the pad used in the present invention is preferred
to have a tensil I W v to 30
kg/ cn2. Herein, ﬁtggng:af; gﬂeaﬁ{)ﬁﬁ}ivtléggrars% ﬁ%%/%goq/gﬁo%%?%se%gé@etge%{g | ues
neasur ed acWF@lﬁlebtléﬁdJWBeme(ﬁ@ﬂ iy lgokedent rgmahe apex cprls-t ensi | e el ongati on
is smaller than b the
notion of the ny§% ar |um g?‘gsgthgvgrr@?aznra{rﬁq‘tp ?\egbfgtggg’t roﬂrlrgé']il g‘?‘“é%‘g‘”{‘ﬁ %8%&?
nmodul us 1Smalrdventiathan 5 kg/cn2 is not preferred because the pad is too soft
and has no structur 1 rger .th 30_kg/ 1S not
preferred because' °t°‘a% );EO ipm eaﬁ} gpa@mg}%ﬁn% !(I)rg ’?“r’r?qlex?g}eesgf‘poeg%tcbtg%ruﬂ t he
nmotion of t hmchycbmamdrdmalfepd o$tramelrfuzmngatﬂ1brer afnts tpoaves iavearkied . andEgi)eands no
particul ar rﬁétrlct on as t.0 t.he k@gp of nﬁterlal as long as there is
used a mat eff P"”%f?gPVFﬁﬁlf%g§388 Y B4 éﬁ% W& Preferred as the
material are, foOFigesaipd dravang tshthy\ahﬂtyxl:r etnpld de thppbifusical balder of the

pol yester, polyam de, silicone rubber, polyolefin, natural nrbber,
synthet@@ r 8%B §Wegﬁﬁ‘polyner alloys or lam nates thereof. 20 A follow ng
t echni que using tfe fad src)exrlaleatm@@rivang:lsrarwlﬁy aﬁfefrﬁﬁp@ oPlhd RIREESEIHE
invention, with reference to Fig. 1 and Fi c). Illustrated is
a heart havPigen ineatiRs pad 8@) lsatsestrféwhpgw g&rﬁ%rkuéeromdt crnéﬂﬁc) ABYBRRRY
artery (7) JB&cﬂO@ﬁEQ@%&hQﬂe o?tlQYﬂPﬁﬁénc%ﬂE& o@ludefle downstreamsite is

bei ng perfo? roviding bluod flow to the distal myocardi um Wen
nedi al st enpt orryFigS aelg (@rEe drawings geyring 3 Wapdb Maichghe pechidsr glibe pestpdsur e
of the tRrget, L&LHS?&honary artery (7) because it is located at the left to
posteri or sur Face the patient's heart as shown in Fig. ~lI(a). In order
to obtain excelIE@plexpmsu0@)m%rhhwu@aBUEMng@nunamwwmchauyﬂﬁﬁpntﬂh&e-m
anast onosed, g. ad havin a.sh@E % pun i 0 %1 s used. T he pad (1 I)
i s irvset~t GIchP 49 g“BBsT' BP0 PEERGP Wﬁg éPPe ®%hown in Fig. 4(a)
and fixed by hol ¢hdguhirhlanmeabdr)dr@binglretdie @utigioteszsof the Oper ative
field. Afluid |s gradual l'y |ntroduced into the i nsi de of the pad (I 1)
using syringe ( I @yonarnareny2: aokd paticnosis; firheatted Bipats gl al%“ EFORPY at e

the hear3t0 tQrtery, 8: stabilizer; 11: pad; 12: ribbon; 13: hole; 14- sealed part; 15- port; 16: tluid tube;

17: three-way stopcock; 18: syringe; 19: connector; 20' pertusion catheter; 22* connector;



.30 May 2002 _g_ the patient's right as shown in Fig. 4(b). ~rVith this pad
of the present invention, the surgeon is able to obtain excellent e;cposure
of the target |eft coronary artery (7) because it is possible to adjust the
heart rotation under control of volume of fluid introduced iﬁﬂagg%ogad. 5
Heart rotation nust be conducted slowy while observing changes the
patient's henodynam cs such as bl ood pressure, or electrocardi ogram Rapid
rotation nust be avoi ded because it provides the heart with sudden increase
of |oad to reduce bl ood pressure. Accor Qi6r1_g to the present invention,
however, in the case that bl ood pressure 1s reduced in the step of heart
rotation, it can be recovered easily by imedi ate deflation of 10 the pad (
11 ) to release |load applied to t heart.. As sqon as the recovery of the
bl ood pr ess3?'emheé%mb%ﬁ%ébﬁﬁ‘rfﬂ%%étd??:t%mﬁéa? P%‘?ﬁ’ B@éar@s* e pgtsage d0:
again. I n ogeaiddr031shaki 31:2Rnt ASpRAXI PG M:3 35t higg- - 36:
stabilizer described in’the ba_cﬁppr%ound art is Z?glgpi% (F:lggnbg?ﬁg%fngﬁm\%t)ﬁ t he
pad of the ;ba@@é‘?ﬂpei;ﬁ%(wpi%.W'lfphg9islt>%i4lliWe;(@)plh@%t;t%sﬁtwﬂ%ma@klﬁj | egs
at the Front end as shown in Fig. 1. The two | egs conpress 15 the
anastonosis area and restrict the notion of the nyocardium Though many
types of s5st @91 ¥EOBE ®0R CARRYINGIOYT YHL IMVYENTIONor oper stabilizer is

sel ect ed dependi upon operative procedure. ,According to the techni que
using the pad of [qu’lé"?ﬁegsé‘szntil%&ldF%H,%e#léP?%@aﬁé bele c‘f"%‘leaf"efe’ébf‘ﬁe@tgtf even
i f any type Qonphafhg iAQindss used. The pad (11) is able to deformflexibly
in response to the heart beating to absorb 20 the notion of the myocardi um
because it is fr &bt presentdpraniiph és senstiieghby threcegliemerts, that ishavinid-Helm pad
4(c), whil e the i i Zer [ t,.ar ' ' ion
" lhe X and 3 afRlen' HEEP LN pRES bihul-PLOR @ A BB ARCEA L
reducti o i all theeel@ngitaipre wsed.hdwo oreshaclangens tmaplbe werk selectistely e dxplemation sul ar
conpr essi on bé t he tgbiel lﬁeﬁéw In conparison with the case using the
stabilizer SPOhHE" AR EANGue provides not only 25 excel l ent stable
state of the anastonosis area but also |less restriction of the nyocardi al
notion. Therefore, this invention is useful for a means to stabilize the
anast onosi s28dea wi t hout i ncreasi ng load provided to the heart and to

obtai n excel | ent TRXpRB NG sRéwit e Flgandigls £oaRAG W @0) ef ¥nd adber ARSI PRsed.
30 Perfusion catheter ~fhe perfusion catheter Is made of a flexible

20
mat er i allSanéringd eorash padefdbe wyled pap (Nﬁya@mﬂ?borg(k ipiesqsiad igo epdhdrold @3).an
Insertion pwle(ugﬁ% oy pagmle lotréd gﬂﬁgt& Fibfa&s;{’ﬁzo):ca?clsﬂédeﬂ ctﬂerﬁu?si(?e &f%g@gamq%onar y

artery to be anastonosed a trunk part (24) arge aneter an

connect i on Peldtto preventithe pad Gomrmeeting tchendesizblet Hositiop alue tq #@)benting lpartt rink
part (24). i r r, .o i It .(2~)

O aduai 1y dbapeae REFRE IR CIRARED Bl B phitfertPROEE b BP Rlcketl)

t owar d t he iws€eTla ivbopai2) (@Ixation clOthaped arknet wwesserytdependpar dpoq 2he) siwidth t he

inserti part, (23).,Smoth surface is forned at t poi.nt. of cqnnection
bet men%’phe“éﬁhﬁé%%’f‘%ﬁ Igedted- E’Sﬁuc ﬁ"dczisf‘ietﬂ? Al ?a&ngéf’f tftez%(?‘fs @ﬁga‘ﬁerf‘\}veen
t he connectiequirggart (?~) and the trunk part (2~). The insertion part (23)
has a proper outger dianeter fitted for inner dianmeter of the coronar
artery to be i ns@?et Ry Hlib?ﬁw@’)?a{%'i‘ee?r_ef%’éempécr f LT pgana; shapg P@F‘@Fa%?y 0.7
to 1.5 mm f @fapt 6f the PAA Bl ricPFesdREARRAED Undylab Slidivn IFiGOBERS & 3(E))Qails Qhapes
di aneter may be citanged accarding_to, the |r§8ner di anmeter of the coronary
artery to bBChisSHEWe. shape OV HiShPet BORIRSINE IR FRKAVeRaRs srpatle BEcavsringf i ed,
where DjisS jangkx brdiiRir@rhet, dnliend Kkendan BReinplodfd d@Rdditlg ufod MBSLe i RRRL Er Of
the insertion part (23?. 2d > Dis not preferred because it provides | ower
pressure frdwnpahés b flow at the outlet of the
The pad (11) has a port (15), and one end of a' fluid tube (16) is connected to the
port (15). A fluid is introduced into the inside of the pad (11) by a syringe (18) through the
fluid tube (16) to intlate the pad (11). The connection of the syringe (18) and the fluid tube
30 (16) is made via a connector (19) provided at the other end of the fluid tube (16). Between

the connector (19) and the syringe (18) is provided a three way stopcock (17). By closing



.1 ~ perfusion catheter (?0) and no sufficient blood flowto the distal
myocardium The length |I. of the insertion part (23) is preferably in a
range of 10d to 35d. A length snmaller than 10d is not preferred because the
length is not sufficient For insertion into the target coromrgnyg Qb§2y and
tixation of the insertion part. Alength larger than 35d is no g erred
because the pressure Loss of the blood Fl ow through the insertion part (23)
is 20 larger and provides no sufficient blood tlowto the distal
nyocardi um Larger loss in the pressure j§:0n1the bl ood fl ow t hrough the
perfusion catheter (20) provides henolysis causing conplications such as
renal diseases and the |like. The perfusion catheter (20) is manufactured in
t he process |ncluding drawi ng whjch. i s carried out under given conditions.
In the dramﬂh@“ﬁ?b%@%%?m%a%“ghétthﬁhFWé%?%ﬁ cpihd!)s 25 drawn under the
foll owi ng equati Gfe 4 id4 Sy tdhe. i : br ik
part (24) and t ?F;}Tetpﬁg%\egl lﬁ t%ehl?e‘%ﬁﬁgggedgé?q%ﬁé@nﬂsaeﬂgilcgﬁaggﬁlg%é‘g?&mlahw
connect or (2@} ajtBiclrespaf prdfesably RES 50 80 man. ehdhidinessnamadler fhugiOdi? mat leber

(20) for 30 connectian w.th r he, bl flLuyy.suech as bl uod punp
or the Ii ke.Pfef"%ﬁs%%“’%sr??a&?ﬁeﬁ?ﬁ*{ ﬁgﬁ%‘g;\’n@%?"é?mg‘ggp%%“ ﬁ‘éré%%%}‘sct%g‘e pad.
per f usi ons catieetidckness togunetitior0.§0 tomr Gt adi pesfirtde becadfe Muy padOihs- Adthes

preferred because connection. can be hel d agai he pressure fromthe
Dl 500 11 ow CHEBHEH TR JakBLT ShabSithdedrotthd e hrae Pofitedpnanbfiting the
preferably farnii®dodis #8a.f1 exi bl e thernopl astics having a hardness of 50
shore A or nore for good kink resistance. A thernopplastic elastomer 5

conposed of soft Tedwmigital fdhhpaddisedipnbe present prusntiqry is prefererd tebarpi ensile
pol yam de el of; )l 0, |, efaphn. t S

pol yur et hang@fggﬁﬁgﬁ@%ﬁgbgﬁ@n@?bgﬁ%d%hééegﬁ 392\#‘? ({)ngs ugg}é,mhée\fx%l\l/eer ,
t he prestht elangetidn”and I' D0fomoddst' réfet todatuae medsuredAiccordimg eal JISHA P20 lofln thee

di stal end of the perfusion catheter y, be fqr.ned.as, shown.in Fig. 7.

The. per fuai aseCe e bR herli S 5B T 0% B8 iR RS el

10 for sut uné agsdik ienslotibre op eefmigdcamdivva tbredtayilifidd Yhet anakrembsis ardaeda i100% t he

coronary arter he cr glé)edzsha e al so gﬂkes handl i.ng of the perfusion
g &t

(7).

cat heter (2dyoduliisy Si“ﬁJrHBarb VNt RIpigITed, fegaves themad infasoteft andvhas e i s

reduced sli ghtidtMral SrdnBMOA NOBSIYAGTLS tdnger diamt 30l koRie? i2R6E grierred BRked nﬁ)@g'gdra]it i's
e

preferably 5 to 20 nm In the case of the |l ength smaller than 5 mm

di stal ehd of taonrrgardiosiipilexitle Fophsprociiempiotign of thegnygcardiem dor gehilizing theer y
during per f ysi o HGCALS erfiReR nb PRAEAILORs AR ththed@id o ia case
of the Ieng;iﬁé#grr‘ger than 20 RmB the whol e I_enéthefromt eeglgfegfﬂa' l(ré'ﬂggasto

t he crooked tpoe it ussd aroatedisd spitpding g abaveoraghiseraontonBreferid tae the madrialhae,

Vi Sual i zat i oo Faele, R BBVt o tdelaipLORRAY pRve S ebBRidsfliugg it

di stal end oblybkdinpantins ubber sintietie rubb2) andepp lyineer clgycloe thnainatehtberanyl e

ggf, ]? ru;nl gﬁp depen% P(gloyvpn%nteéh%?quseiuts%gqge E)epoe iscec))clbﬁ)lpn%ﬁ 0 %l’atri%r Xffci:c?st 8f t\px@ ip?egergthe
invention, with reference to Fig. 1 and Figs. 4(a) to 4(c).

[llustrated is a heart having a stenosis (3) at the upstream site of the left coronary
artery (7). The anastomosis of a bypass graft at the downstream site is being performed for
providing blood flow to the distal myocardium. When medial stemotomy is used, the

25 surgeon is unable to obtain good exposure of the target left coronary artery (7) because it is
located at the left to posterior surface of the patient's heart as shown in Fig. 4(a).

In order to obtain excellent exposure of the target coronary artery (7) to be
anastomosed, the pad having a shape shown in Iig. 2 is used. The pad (11) is inserted at
the posterior surfuce of the heart as shown in Fig. 4(a) and fixed by holding ribbons (12) at

30 the outsides of the operative fleld. A fluid is gradually introduced into the inside of the

pad (11) using syringe (18); thereby, the pad is inflated slowly so as to rotate the heart to



catheter is inserted. According to the present invention, the angle in the
range from80 to 100 degrees is preferred. The angle out of the above range
is not preferred because the perfiision catheter (20) interrupts
visualization for suturing. 2~ Atip (26) may be attached at3piiagy9ogpal end
of the perfusion catheter (20). The tip (26) prevents the perfu5|on
catheter (20) fromcom ng out of the coronary artery due to the pressure of
t he bl ood gl ow through the pcrfi~sion catheter. The tip (26) also perforns
conpl ete plugging of the coronary artery., Tha shape of the tip is nut
restricted. For exanple, a spindle shape as shown in Fig. 6(a), or a egg
shape as shown in Fig. 6(b) nmay 30 be used As shown in Fig. 6(b), ribs (2R

may be also furmed on the surface of e L or hi resi stance to

L cumnoct s GiF PR HeteEs Shar o Fedd) M dhi ot ol GESH esmaye 2002
i nvention i suMedn a8fkth 6bRALh dxQelldnt SxPRABSS the tFrhelacPasDaANS a&z@)(mﬁeéa&% it
fornmed at the distal end of the perfusion catheter (20) as shown in .
6(c) for naimpassiblerty adivet the derst Prasipn undarisentedsé velme dh!sfhfnﬂﬂociil@dtmlblthfod
flowis obt al ed because the opening at the distal end of the perfusion

cat het er (283‘ isin 5 contact with the inner wall of the coronary artery.
The tip 626) is blrea{teastaﬂnirymharbemdmﬂmmn fldwlyi ohike dizervinppéhasgdsas thapitigt's

har dness of 30 o 100 Shore A for plugging the coronary artery, wthout
provi di ng ahSmPHRETIsETIEE 35 oMb PRI klpdrarariaRT 0 ReRk} B dionsmHgbe
preferred beeaHSE btdafsd itPplodRlks Meeakst 0aGI duddel iddichst T IBSE to Fré&a@ﬁmo% of
the broken tip remain in the coronary artery to occlude in the

post oper at i VEGS%3@¢ i dgeordingdp dhearyeseningarpiophkveren ks w@sathasblaed PmS%lfr@rSr ed
pecause t NedgPed gfﬁw b8 BPHOAY BraribRCls AT BNREN AU Bty BRYmBEY RTRAGHDY
inserting the e coronary. artery ere 1s no restriction
as to tHé k'thcdpadf(lﬂhe) reinex load aalslldddnghtabeeuheAabmasr dguiccompnt Stharbéood
satisfied. For ex e [y astomers, pol yester
el ast oner s, PI581Y% n;&’le%ﬂ%cinﬁr g&;&% sﬁe%t%?n ure Eﬁef%%lmérs and pol ymer

al loys t her eof CHivrderSo bﬁblﬂﬁsedlefaﬂdistddmsﬁ aréwﬁhhe R, l‘hcfsfalbllﬁw dgcritRe bthaue
using the perfusion catheter i | ai.ne | ari fy effects of the present

i nvention, WRAKArQUAE aft dnsgd frpcomty “%_“LO‘(‘@)tg?Ba d1d e preseat wikgkion; Theptabilizgy( a) |
a suture (-~ (8 hhs Wvd PorRLsRAREI&s at tHeftort EndbaGRMARGUR . t i %r@%@wﬁ]ﬁésfsery

pr oxi mal and distal to the site of the . anastonosis to be ti ned for
st oppi ndSt hemasempsinajer ARG RsHict Hie Boliemef e awe&rQwathmngrm%wmﬂs.of

carried out dr@Yrd oAb RAAIN A abldSa JRAPP staBilfzbdis Qédda
suture is sftflgg% ry oogened aﬁd thz di réta er?ola sz t1b perfdug%[%ﬁdlg %'h)et er

(20) is insepargibei m@@dtxm Alecording wothe eshyique veing theTpad afi the peeInt iisventiger t ed
beyond t he 10 then the suture is
y 1%‘?1 goécfﬁrcﬂﬁtg%ﬂ(tp%t? %#eﬂ;?ﬁleﬁ‘;%pﬁ%(‘%?ﬁééﬁk I.xé'ed

gently applle to tI'x the perfusion
cat heter (20). ATlncemdt Hé) Bablmwelefdrontlexibip it ovpast Ko tk(e he@it befitirtzhte apsarb usi on

cat het €h (Zﬁ Igtlocnocr)] 1%} gq’c%}r'%iu bgcsagl ?teFQIee Srepch 8¢ anld V\ffi\é\hﬁlé %l}g‘:abeen

pl aced & Pehor A Fonar y arter
t hrough t heshpenf insiigri(©awhit ere (R0)zed ppeittds tig: tapenaileh eddh rﬁblﬁﬁﬁtﬂ:ﬁﬁ:t@f‘t ihhe

fenoral arter F CCl SIO L)tll‘ cor onar ter @ftlxat f t he
per f usi on c&?ﬁfef‘%‘fg’ gtf (g Rgdys ‘i?e'bzge%‘égé Péﬂ Ben indheg, ‘"é?red
because of Whﬁi&nﬁghd]@ afrokdhdue as mwva@nanarecmpré@mﬁhsymhd @taElllger 1§4¢))
t he bypass graft, (~) .is anastonpse he coron rtery 30 May 2002 -
12 comparison ‘with the case using the st 1b1 izer alone, thi s tcc nique prowdes not” only
25 excellent stable state of the anastomosis area but also less restriction of the myocardial
motion. Therefore, this invention is useful for a means to stabilize the anastomosis area

without increasing load provided to the heart and to obtain excellent exposure of the target

coronary artery to be anastomosed.

30 Perfusion catheter

The pertusion catheter (20) is made of a flexible material and is constituted by



,(1) under perfusion to the distal coronary artery. The perfusion catheter
mai ntains the blood flowto the distal coronary artery and prevents
nyocardi al ischem a during the anastornosis. According to the present
invention, it is possible to take a sufficient tinme for the39r}g}§ Pg§|s
and the surgeon is able to performthe anastonosis safely an etely. 5
Ri ght before suturing is secured, the perfusion catheter is renoved as
shown in Fig. 10(d). As described above, it is clear that the perfusion
catheter of the present invention is useful for OPCAB or M DCAB procedure
as a means for perfusion to the distal myjocardi umduring the anastonosis of
the bypass graft to the coronary artery 10 QGccluder A cylinder (34) is
inserted into the passage of a .tube at the back end, and fixed. A

ri ng- shaped thremiparts. (5%)1S; @ |rertiey @d“r(%t)o t el diamsise (o e IRty intp @deraesa) |
The ri ngShanfﬂ)n%rq}ﬁ:r ((359 ataStoRfokdl 'antrl%lkcrthrta(?a af ewtdal 1mlz:fer a%hhrﬁ@tldgp the
passage of the cylinder (34) in the engthvmse direction of e cylinder. A
back st oppemat§5)) whiclheaieeietheonsertinn g @) touh¢ Brenpart BF)t hmepéramaenahcbf

the ring-sh m;(rhr ) i ded on,.the
circunfer eng)gggfj ee%b(et{@?tcgn%gg?@? %@@%Jﬁ’i&‘g‘ﬁ@’? f ér? %s)e ab"rﬁre(: g(ﬂ Progeeding ng
(33) is proviodethehrinkpan (tﬁeomrdrthe Biserpprepar( 83) t@nehricbethd acnestiodpaar(2636) .
The two ends .of the sprin ed to ront. stopper .(32) and the
back st opper“"%éé? Insqige pa&h‘é’%r Y H‘B'ﬁl?i 3(t§hc~l3°‘?ts°ftcp9(§8“‘trbg@ttt‘f%e‘t ube
(31 ) via the &Rhéddn(parndds) Madnd h@elrlangm (13) 2 dvitwdentiRe cdrinB@ionRARQEs)
menber (35) can slide in the |engthw se direction of the cylinder (34), is
restricted loyd thqérqntsrpgrtr@ﬂmir hél"?ﬁttioé pad{ Y s # erppeneer dametprefitedrpnignerThe
front st oppaLan(a?) ol Lhubacktcs! RPBETnA). MRASORBE ABESLINSHABLE
order to explain a nean or frxrn e spring nmean
fixing tHe pmﬁ:rn@y@%tp ht'smm)for rlt%fsarrwrtﬁrddscblhrbn&tmberan@f cldepe nigh cngnrutwmttme

~ h
L ocalt o0 e SR b s a0 Pho SN SR RRRH RGO
fated a cap (37) A‘?: gquﬁs fn]%rhtbﬁ 54 DY TALRR @%tr@ﬁgﬁj‘%&hg&%li wmedxidqété‘rcé‘ on

of the cap (37) is ater’ at a section rega

an occl uder ghel mu,tmgarpr(@s)e;nm erianilee didmeger &(m})tnseatr&ybtrn@w) (’&Pa) Da[kdn@

ri ng-shaped nenber (35) 30 are | ocated in the assage of a tube (31 2

|l unever, i Prefaredolasppsedit proitides Hawey piepes fromyihe; kloeq fay #nthe mytlet of the

ci reunt eraenﬁaﬁsgtortaﬁtetérm)(aﬁd ho Qufﬁaemtmdrﬂdmfo&h@a@dr rr%@a?crmrﬁ%) Is fixed
on 30 May 2002 - Circunference of the cylinder (34). In this case
as wel | the ri n@hstmp@dl 1 thsaipseftden) pars(28) ieertefermbbhin 2 utaee 08109 taisd. aA

mieggi (() g?% eap,ﬂe ik hﬂg r)%rtrqg;ﬁa ‘9@%“9‘? gé Qe nﬂﬁxgtlé%'ttg%brl crettfrlfor ?n@g{thrr' se

mat eri al and\tmrﬂsttmrga\nercmppramm addigtist o fghginertion pid. e:Xrld:ngth langer Amy 3 Fubiser i al

is used as | aon satr fies th aboye, requ nts. There ca us

for exanpl e}‘Otd%F@(/re‘lh PR | ?Prd‘%ure Sy?fr%f H{'ﬁfﬁg?"mt Oéléﬁfhedgﬁe{]t%%g‘,(g‘% 18

pol yest ex, M&Qh&btﬂadd@@b)ﬁhﬁ‘[ﬁe&f bhmd ﬂbhrytbetnednsmbmpbmm Qargeplogsrar thal | oys
t hereof, natural rubber S i ¢ rubbers end. of the tube
(31 ) can bEFBIFRTs (} e, ghe ré“ PR iian g el D BroYi9 ot RSBt i uu
iocmed by t bfuskiglchMpligatdas QIFRSs RARINERAsS dh@eli@et | t ~ | engt hwi se direction
of the tube. Preferably, the ed e of the front end is rounded so that the
front end gives hBE BRIMHSHE PHeehES Ot Srepnaiagtusgd 8 (Re Praissrinpluding dsmiige whishshown
in Figs. 8 Q)ca?rm SR ﬁ}ldertgh@nfc&ﬁﬁttlorﬁn%llﬁ dPAHRE BRAeds R YBf o AbxiBle tube is

ri ng-shaped nmenber is fitted to the front end so that the front end can
have a |2r gdrawromdenthe frlleainggauitianhi s enl ar ged contact area, the stress
applied 15 to theneorptnary artery when the coronary artery is conpressed
and blood flow is stopped can be di spersed; and the probability of
coronary arwaey Haseg wgll chickress oetecedk fat (e apd eserite wall éritkiness, oft the
static friction coeff 3' ent p between the ring- shaped menber (35) and the
cyl i nder (3&)*5“9“;5’?%&% ably 1.0 or less. I-lerein, "static friction
coefficient Et" iScomndotdrqR2)0ndlephu@diasihapesximil erraic@hmaprermhbecttmaoteoptora

material A, placed on a 20 sl ope nade of a material B begins to slide when
t he i nclidnacomsciagivah eespyrcesd t%‘? @B‘éd flaw gHelurralrqd piHeR eaBe dke. ahbrueh agy val ue
represent edtgm JEindednfibbidt caftb® Lkl e fE srms% agetéa'ﬂtﬁatasrarraermt hgmré 01is
not preferred because t e slidability 8 he ring- shape

| ower and the quantitative control of the force applied for corrpressr ng the
coronary artery is inpossible. 25 As long as the static friction
coefficient y between the ring-shaped nenber (35) and the cylinder (3~4) is
|.0 or less, there is no particular restriction as to the kinds of the

mat err aI S for the above two constr t uent rrenbers There can be prefer abI y

o R T e Y . o, = = o =y o

or



,use of the ring-shaped nenber (3~), deflection appears when the spring (33)
is conpressed, making it difficult to control the tension applied to the

bl ood vessel, it is preferred to use these nenbers. In the present
invention, a spring is used as a source which generates a stq ﬁ%

necessary for conpressing the coronary artery and resultant occ MSIOH of
the coronary artery. The spring (33) has a conpression spring constant of
preferably 0.001 to 0.015 kgf/mm A conpression spring constant small er
than 0.001 kgf/mmis not preferred becau no stress suf Fcient for
conpressing the coronary artery and occlusion of the coronary artery is
obt ai ned. A conpression spring constant | arger than 0.015 kgt%mis 15 not

preferred because fine adjustnent of wﬁftress e uired for congre55|ng
t he coronarys &ff@rsd becanssproeasgsion faﬂdm agdeyt t ?@&Sﬁqr@ﬁm&“ $he Bload rfipy pe

appl i ed, “hkﬁﬂugﬁ% ?pgﬁgoﬁkyﬁywrng of the coronary artery. In the present
i nvention, the ress generated when the spring is conpressed conpletely,

that is, the higAbstperesier enthetrds prafastly ifermsddtam éﬂbrrtvlmrbcrmnpghecrs haveng £00 g
and is 20 pref rably the ¢ ronary
artery at a g’tdegsgsc’fl %1dr g?%orret %5)8% i g‘%c’? %‘g? rgs‘;ls,é ey e%etﬁergqa) ldsnc i £ (&3 Ome
invite damagomgodstl ctﬂta)ﬁ:@ﬁgmam ymar}taed yegtﬁengemwra%a&l e latrrceaslpserrqiolyermadﬁan
80 g is not preferred, because even c te conpress e spring y
not be abl e€ E’étoﬁhep? LY eEiRE € ?6?"8}‘?5%’3}’ g’%“é—e‘r"yelaﬁo'i‘?tfﬁr ﬁﬁ*ﬁ“F%’tﬁ‘Fr %Ft%”t“i’%s%“‘lm
shoul d be applyhfRdall®s 1REEIrEah BOLM HbWROed MEREIsBY iDfentibieisGOT RBRENKI Mk &b.Y
and a generatable 25 stress hlgher than | 60 gf is not preferred because the

coronary artery F?aG;m(Pl@ééﬁ%@ efBedistal endsfithe gerfupinarcatheter () meayt b formeshasas t o
the materiakydof il g 2PNt cferd: 08 @vink i ROAKE @gl&n&@mtﬂ%zara

satisfied. ere ca be u a sp rlng talnl ess
steel ), & plf@sduhwingrbehinduhdperfuson cathetar (20) ypbe spcutargmtﬁme Netoharychesoyr (Dt i on

i's made on e way jn whi.ch the.ocglucl.er of.t.he invention i s used,
referring thﬂﬁfﬁ§¥“b¥??e@8)@fg?fmgﬁﬁ@fﬁgwéF#El?ncgp ‘QBbf%%8H¥°°Hv@ﬁF.on
are clarifi @did, howdelValye tﬂ@&?ﬂowiate lsEtﬁ’u‘cEtEs’ll,ghﬂﬁ auxi liary devi ce used
together with the occl uder @ﬁ%ﬁﬁgfng "the, auxiliary deche is formed

froma wire (38)AH&R8thgetyer fndk the cropkespoi iy prerghly 3 19524 Brenlingd

passed thr OHQﬂnEeh@f tR@&ﬁ%ﬁ%ﬁmQér thées IngQw(cﬁJtﬁl,eng)éftHéqﬂfmﬁ&rée)theQé}QoHeBQut
shaped nenber of the occluder. At this tine, the | oo i S held in

a state Ibhaef rhe qosorpryOf%r during Berisiog terwie dé“rPd‘“é‘fmt"héa‘tneghﬁ regmsd out. In
Pref erabl y, flteh@as!: QPRhd 1engah AL e M he, tr%Btvha@qwﬁ%aﬁlftort@pleb&aara%mre

el ongation [arger than 10% when a tensile stress or nore Is
appl i ed t hermpbsd mmwtmcmﬁem@aﬂ«a@e cerronttrér@strrYeanéltbmga@kadrpompommdu t

| mpossi bl e ut"éud ttlﬂg c%gri]%ye al(t )mp:?ru @Saﬁgﬂ&ﬂ{oﬂ 'P stunﬁ'mgal?e% eth%]c ng ogr

occl uder u5|ng the te ni‘que escrl ere I S°ho par
restrictioncahmmd20he materials for the | oop (39) and the mnre (38) as |long

as the ove- men egui nts. are sati sf re c sed
prefera%ﬁ y, for ih gé) @Pﬁétgefﬁﬁy%pnca& 4 dgmylﬁefnm pﬁ?i@g?er
fiber. The Hekhoweddepenaing gpod ihs disest fhercotrditar)oaﬁd:rlydetlto Nltldhh&lepﬁeﬁﬁl@i’(b'h

I) n\éreg';: ?nraltl g%getéxiu rtgkr%l%rtéq) {\%Cé)lragpg lg)a g %Eegc‘gn?liltpv%ntgohne ttEeaarn%ﬁ:thtl(tjer %ﬂgg %(ror%rStOetE)y (1

100 degrees is preferred. The angle out of the above range is not preferred because the
perfusion catheter (20) interrupts visualization for suturing.

A tip (26) may be attached at the distal end of the perfusion catheter (20). The tip

[}
(9]

(26) prevents the perfusion catheter (20) {from coming out of the coronary artery due to the
pressure of the blood flow through the perfusion catheter. The tip (26) also performs
complete plugging of the coronary artery. The shape of the tip is not restricted. For
example, a spindle shape as shown in Fig. 6(a), or a egg shape as shown in Fig. 6(b) may
30 be used As shown in Fig. 6(b), ribs (28) may be also formed on the surface of the tip for

higher resistance to disconnection from the coronary artery. Of course the present



,1 ~ anastonosis; the both ends of the suture (=11 ) are passed through a
pl edget (~2) made of Tefron, then put into the loop (39) as shown in Fig.
9(a); the suture (~11 ) is passed t hrough by pulling the wire out of the
passage of the occluder as shown in fig 9(b); while pullingq BFM?)égéOQf t he
suture through the passage of the occluder, the occluder wth get (42)
is slid down just to the point of henpbstasis to conpress the coronary
artery; the suture (41) is 20 interposed between the cap (37) and the

ri ng- shaped nmenber (35) to maintain the l(;lgcl usion as shown in Fig. 9(c).

O her nmethods for fixing the suture canm applied For the occluder of the
present invention. The pledget (42) prevents direct contact of the front
end of the tube (31) with coronary artery ( | ) and protects the coronary
artery. A nmmsm‘bﬁt@ctefétopbwsé emat eri al 2~ such as sponge or a sheet
formed from pol yyr P sed f.or t

pl edget. Though %{hﬁ eﬁggﬁgg oﬁes;flyfb%cr}?flo%] R%% §ttaﬁgr%{s§¢tﬁ? ioﬁcatlgﬁeré?‘g)stl C
sut ure nmadeaofhopel l‘yiuhgtdna)nbr afirAaifiap ehd bxod fowr i@ ths cpsreeﬁﬂrrroedxfﬁdwhttbﬂtﬁ)d
present invention force necessar the coronar ,a,rtery
(1) can b&8owds °9‘§‘“&§?F“ra§ae&5‘§°88ﬁ?$ 6‘?"1*‘?%&‘%388@1? eYtypioR cfiEiep 207 s In

r M- shaped EEHIRE with3hethnerdfll Fshd ddgordaty\iresiaped menber (3s) is forced
deeper into the passabe of the cylind er (3~ 41 the stress given by the

spring (33) is | &hayep Coni nrh%raébr@m&sisﬁrcrrg Kibrectbenmaptties Haymgaerhardnegofivay
2002 - 16 | r rEa I § not
| ar ger than (% \éﬁs@ﬁ“ r({}ﬂ%ﬂ?@{l E%’Z%@?ﬁ? %g% e‘gghmﬁé&%?@{%ﬁs |th%%t§veen
t he amount hdrdhdse smhliledehaarii@ Shoee Ausrmsre@rvaelrbebguse b pEongreals daﬂl}CHere:(gt
proportion and is determn b he ove- nen i oned spring nt the
5 spring. FBf WRanppranens ggﬂl %/f %%(\/f' RgeBM8 g hﬁ RSV affte b O 6“815
generat g9 apsstdRESivebeltbd)08 hKl@fles@\Ic&EM thanBOVEHRRe AHE nbi mgfesrb@ae@lugﬁezﬁb% (3 )
is inserted into the cyl_llnder by 1 nm The Etress of the spring iIs

f

equal to t h@6 &g bado hﬁwerogalty ry mj}Y)be deaged 8y gsping tthehard ftigy into” the
conpr essi NgcdrBGar§ Qi ?a"lﬁ’le@rﬁ ) Yes{nchoﬁ as #0Sh€ kB@Tof tfOmhiha RRRNes thdgoREESENt
invention can quantitativel % control e force For conpressing a coronary
artery 10 areduicemenss aip sisishio Fqsrowaawleaﬂhfmermhbqremwwde slagtesersaprlyester

t her ef ore, | § i Yy
artery. ns Snfiot AN Syl FERISARE (QAGRUS, OO Rl BEUERRI a1
rotatindSa btemﬁfdrohlsb’(vanmprexcel | ent exposure of the target coronary artery
to be anastonpse tho educ n ar a a for.stabili.ze

t he anastonpsis ‘gtr 0“”5‘” '%ue ‘5r“%6§er ué‘lSlé)H Eh@t%f et\H{éI]Fn(ﬁ?z‘f %llﬁrlfryn'{l;ﬁt‘:‘érocﬁl urn
during the tepeksanisiestiaf, witheefbiepasts Rigsatd(atw 100H. coronary artery; a nmeans
for controlling the force._of npr essi t he tar onar rtery
quantitatively fot sk Uth&n‘@? )& ?H“HFRU ﬁ? easglgg%ﬁgg{) é%lcs? li‘s(e'F‘Flltf’ef or
carrying ougor ?\Brta@dpxwkxﬁ%ﬁin@aﬁﬁdl)doaﬁd stomPlied hastonlIB I IRsS BFtede@vVRAL | ON

is utilized as devices for carryi ng‘ out the anastormS| s of the 20 bypass
graft t80t hdorpbro i Pload 1Ry RIS EDEAPTHY HERr f0¢ arigiotvgy ioppriedy put

CLAI M5: 1. ﬁm%\mgetefrefongﬁ RO SHRW m:tg,embb)xp@&&qgsruafr& isNGoly Bolkeat Adadnbeart
used for perform ngf anastonosi s of bypass graft to a coronary artery,
g

whi ch devi céistebensrd b%PEFEPSm%ﬁ%‘ethPO? tingeriag lrao theatistalf orongin agiers- ngheydwd
exposure of (7%51?3 SR HeYo A ther Mm@gfjthc suture placement successfully, then the suture is

gently applied at the back end of the tip (26) to fix the perfusion catheter (20). After the

Q0]
w

insertion, the connector (22) of the perfusion catheter (20) is connected to a resource of the
blood flow which has been placed at the femoral artery. The distal coronary artery is
perfused through the perfusion catheter (20) depending upon blood pressure of the femoral
artery. For occlusion of the coronary artery and fixation of the pertusion catheter, use of
an occluder to be described later is preferred because of no damaging of the coronary
30  artery.

As shown in Fig. 10(c), the bypass graft (5) is anastomosed to the coronary artery



5 absorbing notion of the beating heart to provide notion reduction of an
area of performng the anastonosis; a neans for providing blood flowto the
di stal myocardi um during the anastonosis of the bypass graft; and a neans
for conpressing the coronary artery to perform proxi nal and qﬂg¥ é@b
occlusion of the anastonosis portion, to stop blood flow throug %
coronary artery to provide a bl oodl ess operative field during the
anastonosis of the bypass graft. 2. A device for coronary artery bypass
grafting on a beating heart according to_ g}a|n11 wherein said neans for
rotating a heart for obtaining good exposufe of the 15 coronary artery and
absor bi ng noti on of the beating heart to provide notion reduction of an
area of perfgrnln EW anastgnnsls is an inflatable pad formed froma

freely stret siqnpley e dlisiale corqnary. amery o vr?%@swarw%%ﬂm}alasi ther y

bypass graft piagq b t(b%’é !dﬁﬁhl Q@ﬁ‘)rnﬁrya&‘t‘é?f Qh@%ré@n@%%u%tcml ach‘é’ﬂx“r‘é ‘3lunng$ aled
means for providing blood flowto the distal myocardi umduring t

anast onosi s @!faStOh@Sbyrfa&Qrdglgdf)tthq {yea?nbiélwrlﬁ@ho!h!mﬁbké@ tctk@ﬁpr!ffswngtxma for unk
part having |ar i.nn i rt rt haV| ng, smal |
| nner and outher(’;1 AR it a%]g)te%j}gg%nng a@lg'? 3 Ere?drmqﬂ? !msngtl% I nsers "ﬂ %@?lfgyel ng
'/Z or less of thRighnbeforaswmibigeis wturedi itle petfindiorpanthsteraisdetbecd angiolvnoin

said 2 i inserti part bei.ng, from 10. t 5 ti e i nner di ter of
cort Tnsertt b MM PG o BELAARE Sisdrd i IR oot Siah R e PSR er
and outer di ﬁi%ﬁtﬁfnsnstlﬁeﬁle}e@PCﬁ.Bld} Mmokagﬂbéedmet&s Salednd fos Peifiith RAHe
with no | evel difference between i nner and outer surfaces of said trunk

part or i nsefistabmypeardiupypriog anattorsesigoidbnbpass Baft falhe corguaryprterk devi ce
for coronary artery bypass grafting on a beating heart according to daim
3, wherein said perfusion catheter has a tip at the distal end of the

i nserti od0paPecluderd 30 May 2002 -18 said tip is conprised of a flexible

resin having a dugo nFnc%rgﬂsxsxﬁ?ert%d?togl %aéo a%ﬂﬁé@ci%ngebwcﬁed Vléfﬁ?gror

coronary artery b passgrarting on a ear ng £
4, wherein sAithg-shaped mmbaaﬁs)m‘msated 1marthé padsage @taﬁhlaeyle:udeh@m)anrkﬁng{ge. 5

6. A device for corona rte b S ftln atin

accordi ng toShéP%{fWFTge’i/\%éf ‘glgl%a?@éﬂ Bit E‘gh%\%éé%q}‘?d’aﬁsﬁ‘ eeg%ﬁa Higder
artery to p (r3f4¥>mmr1@agtmse an@kt@hs;tfame Saklesi bk scbb@ergmsg ProvEded dOthEki on,
to stop blood flow throu%g the corgnary artery to provi bl oodl ess

oper at i va3f | @rgnderenssiithraback s8¢ Bﬁ%lrégtﬂ‘aﬁeﬁé“%‘}iﬁé@)g‘?"éfat frong stgpper@32) is

occl uder _COfTat%lvﬁwgnmeAm&tferamtelo%umeem&u@%tﬁ@ga@c SHRIJrgk @5@{@ 1fed inf €ar
end of said 7. devi ce for coronaréil artery bypass graf ng o

beati ng hear B3aisase\diergbetweenthy frpm stapherr(?)rmnd shedbask stonpksi( @oFﬁb? hweendy Of
flexible tub [
flexible tub@e Sg lﬁ%&P%geagﬁ%pg‘éﬂpng%gbrt%eel ﬁg)g‘f“ﬁi ?i%g?;{ecﬁ?g) ai gi'l exP%I t]é° 15
tube; and a sm—s}mgeq)nmmbdembans tikel roethe telred(30j veathe spiimx(33); eanﬂubte;amgaen end
of said r|n ed. to sa IeX|bet b t he ot her r eof
bei ng f| glcgg éﬂp £ apea*® ?ne.} SP° 5[§Je IR e\‘rjeln {lef‘or&cegi’%h%ﬁ'g?/‘ t“éﬂ%f/
bypass gr af t {33y 1@ﬁeﬂnd:!étaby nige hﬁ@htarﬂ&ﬂﬂndlda@mmon range of the spring. The front
stopper (32) and the back stopper (36) have been described here in order to explain a

means for fixing the spring (33); however, the means for fixing the spring (33) 1s not

restricted thereto and, depending upon the fixation means employed, it is not necessary to

[Re]
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provide the front stopper (32) and the back stopper (36).

To the back stopper (36) may be fitted a cap (37) engageable to the ring-shaped
member (35). The function of the cap (37) is described later at a section regarding the way
on use of an occluder.

In the present example (Fig. 8(a)), a cylinder (34) and a ring-shaped member (33)
30 are located in the passage of a tube (31) However, it is possible that the cylinder (34) is

fixed on the circumference of the tube (31) and the ring-shaped member (35) is fixed on



.20 Aaim7, wherein said neans for conpressing the coronary artery to
perform proxi mal and di stal occlusion of anastonpsis portion, to stop bl ood
flow through the coronary artery to provide a bloodl ess operative field
during the anastonpbsis of the bypass graft conprises at |easy ,g}ﬁ eggh uder
as set forth in CQaim7 and an auxiliary device for passing a ¥ ad

t hrough the passage of the occluder. 2~ .A A3. An. AA AA AF. A

ACCA& L AY. AU r. Asl LA A .AY.AY.AY_.AAIE DY[ I W HW
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7\ R*~1?d} xsni d ] ca] cal] ca)] ca] cal c ].cal cal ca] ca] ca{ca] ca] ca] ca]ca]ca]c
al c a] ca] ca]calc al}“c chéﬂSE‘ﬁ] 13&;]%131} CIQT é@]ltglllgém coefficient |1 between the ring-shaped
DY[ i K- Slow‘ﬁieﬁﬂ)éﬁbﬁi%{‘&&hé) ?&4&%@4 ) is- PRRWABE ()0 or JQE1ddin, "static friction
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Zg(%:&l(O; yM l]ﬁp é@tt@n l%pbw%t(p)refe#&ime%{ﬁ%e(tﬂe 9?(1:!193/@ Sé the erxg si]igped n:l)‘ber (35) 1s

lower and the quantitative control of the force applied for compressing the coronary artery

is impossible.

As long as the static friction coefficient p between the ring-shaped member (35)

N
W

and the cylinder (34) is 1.0 or less, there is no particular cestriction as to the kinds of the
materials for the above two constituent members. There can be preferably used, for
example, a combination of two stainless steels, or a stainless steel and a
polytetrafluoroethylene or two polytetrafluoroethylenes. Alternatively, a {luororesin or a
30 p-xylylene resin may be coated on the surfaces of the cylinder (34) and the ring-shaped

member (33) for obtaining higher surface lubricity.
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kgf/mm. A compression spring constant smaller than 0.001 kgf/mm is not preferred
because no stress sufficient for compressing the coronary artery and occlusion of the
coronary artery is obtained. A compression spring constant larger than 0.015 kgt/mm is

15 not preferred because fine adjustment of the stress required for compressing the coronary
artery is impossible and, moreover, too high a stress may be applied, which may incur
damaging of the coronary artery.

In the present invention, the stress generated when the spring is compressed
.completely, that is, the highest generatable stress is preferably not higher than 200 g and is

20 preferably in a range of 80 to 160 gf. Compressing the coronary artery at a stress larger
than 200 gf is not preferred because it may invite damaging of the coronary artery. A
generatable stress smaller than 80 g is not preferred because even complete compression of
the spring may not be able to occlude the coronary artery. A minimum required stress
should be applied for occlusion with no damaging of the coronary artery, and a generatable

25 stress higher than 160 gf is not preferred because the coronary artery may receive
gxcessive stress.

There is no restriction as to the material for the spring (33) as long as the above
requirements are satisfied. There can be used a spring made of a metal (e.g. stainless
steel), a plastic or a rubber; or an air type spring.

30 Next, description is made on the way in which the occluder of the present invention

is used, referring to Figs. 9(a) to 9(c), and the effects of the present invention are clarified.
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breakage or tensile elongation may make it impossible that the suture (41) be passed
through the passage of the occluder using the technique described later. There is no
10 particular restriction as to the materials for the loop (39) and the wire (38) as long as the
above-mentioned requirements are satisfied. There can be used preferably, for example, a
metal wire, a polyamide fiber, or a polyester fiber.
The following technique is used for the occluder of the present invention: the suture
(41) is placed around the target coronary artery (1) proximal and distal to the site of the
15 anastomosis; the both ends of the suture (41) are passed through a pledget (42) made of
Tefron, then put into the loop (39) as shown in Fig. 9(a); the suture (41) is passed through
by pulling the wire out of the passage of the occluder as shown in Fig 9(b); while pulling
up ends of the suture through the passage of the occluder, the occluder with pledget (42) is
slid down just to the point of hemostasis to compress the coronary artery; the suture (41) is
20 interposed between the cap (37) and the ring-shaped member (35) to maintain the
occlusion as shown in Fig. 9(c). Other methods for fixing the suture can be applied for the
occluder of the present invention.

The pledget (42) prevents direct contact of the front end of the tube (31) with

coronary artery (1) and protects the coronary artery. A nonwoven fabric, a porous material

o
wh

such as sponge, or a sheet formed from polyurethanc or silicone rubber is preferably used
for the pledget. Though there is no restriction as to the suture (41), an elastic suture made
of polyurethane or a Gore-tex suture is preferred.

In the present invention, the force necessary for compressing the coronary artery
(1) can be set as desired by controlling the amount of slide of ring-shaped member (35).
30  As the ring-shaped member (35) s forced deeper into the passage of the cylinder (34), the

stress given by the spring (33) is larger and the compressing force becomes larger.
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10 and can stop blood flow at a minimum required stress and, therefore, is very suitable as a
means for occlusion of the coronary artery.

As clear from the above, the present invention includes a means for rotating a heart
to obtain excellent exposure of the target coronary artery to be anastomosed without
reducing cardiac output; a means for stabilize the anastomosis area; a means for perfusion
to the distal myocardium during the anastomosis of the bypass graft to the coronary artery;
a means for controlling the force of compressing the target coronary artery quantitatively
for occlusion at a minimum stress, and is very useful for carrying out OPCAB and
MIDCARB safely and completely.

The present invention is utilized as devices for carrying out the anastomosis of the

20 Dbypass graft to the coronary artery on the beating heart.
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a means for providing blood flow to the distal myocardium during the anastomosis
of the bypass graft; and
a means for compressing the coronary artery to perform proximal and distal
10 occlusion of the anastomosis portion, to stop blood flow through the coronary artery to

provide a bloodless operative field during the anastomosis of the bypass graft.

2. A device for coronary artery bypass grafting on a beating heart according to

Claim 1, wherein said means for rotating a heart for obtaining good exposure of the

15 coronary artery and absorbing motion of the beating heart to provide motion reduction of
an area of performing the anastomosis, is an inflatable pad formed from a freely stretchable

and flexible material.

3. A device for coronary artery bypass grafting on a beating heart according to
20 Claim |, wherein said means for providing blood flow to the distal myocardium during the
anastomosis of the bypass graft is a perfusion catheter comprising:
a trunk part having large inner and outer diameters;
an insertion part having small inner and outer diameters, the inner diameter of said

insertion part being % or less of the inner diameter of said trunk part, and the length of said

™~
‘I

insertion part being from 10 to 35 times the inner diameter of said insertion part; and
a connection part having gradually changing inner and outer diameters to connect
said trunk part with said insertion part with no level difference between inner and outer

surfaces of said trunk part or insertion part and those of said connection part.

30 4. A device for coronary artery bypass grafting on a beating heart according to

Claim 3, wherein said perfusion catheter has a tip at the distal end of the insertion part, and
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Claim 1, wherein said means for compressing the coronary artery to perform proximal and
distal occlusion of the anastomosis portion, to stop blood tlow through the coronary artery
to provide a bloodless operative field during the anastomosis of the bypass graft is an

10 occluder comprising at least a flexible tube and a spring provided at rear end of said tube.

7. A device for coronary artery bypass grafting on a beating heart according to

Claim 6, wherein said occluder comprises a flexible tube; a ring-shaped member provided

at the rear end of said flexible tube, said ring-shaped member being slidable to said tlexible

15 tube; and a spring provided at the rear end of said flexible tube, one end of said spring
being fixed to said flexible tube and the other end thereof being fixed to said ring-shaped

member.

8. A device for coronary artery bypass grafting on a beating heart according to

20 Claim 7, wherein said means for compressing the coronary artery to perform proximal and
distal occlusion of anastomosis portion, to stop blood flow through the coronary artery to
provide a bloodless operative field during the anastomosis of the bypass graft comprises at

least an occluder as set forth in Claim 7 and an auxiliary device for passing a thread

through the passage of the occluder.



