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BLOOD VESSEL OCCLUSI ON AUGER Techni cal Field The
present invention relates to devices and nethods for
restoring blood flow in occluded bl ood vessels, and
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2id)| md@am she diseation eibslaniallyhin thar loaEkuinal |, ot gellood

e&el ve | nadequat e perfusion of life-giving oxygen,

0 sye m n
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d hben and/ or death. 25A preferred treatnment for
¥c§? bI ood flow through a partially occl uded
lﬁaﬁbﬁlo uses a percutaneously-delivered wire
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occlude sels
igngfotideatl: Chronic Total Ccclusions (CTOs), the size
of tAgrefeged segimeantbr Irbsmxhtg" tloes slowf theoughekpartially occluded

(_#Igé) ?%s?éleus&?é p gg%ﬂé 1?" cfeﬁvér%d AN 1998 % gﬁ’n%ﬁﬁ? vafejacket,

therein gihgtad% BHirg) WO%@P@}B&&H@&Q%I“WE&&S Hequne ¢ ogtfusion. In
oaRuphgtyt e exaaple, Bguide wire is used to guide a balloon to the occlusion
site where the balloon is expanded, thereby radially dilating the occlusion, and
increasing blood flow through the vessel.

In totally occluded blood vessels, including Chronic Total Occlusions
(CTO’s), the size of the occlusion and its hardness often make it impossible for a
guide wire to navigate through and distally past the occlusion. Restoring blood
flow through a totally occluded vessel often requires opening the chest and
installing vessels that bypass the occlusion, a surgical procedure associated with
high morbidity and risk of death. '

Many tools exist for the treatment of occluded blood vessels, all having their
drawbacks.
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35installing vessels that bypass the occlusion, a
surgi cal procedure associated with high norbidity and
ri sk of death. Many tools exist for the treatnent
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anterior position when nechanism70 is in the closed
configuration. In the open configuration of nmechani sm
70, there is also a net rearward di spl acenment of front
| i nkages 74 and 174, and of novable front section 76."
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in which the stiffening nenber is |ocated.
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None of the above nentioned disclosures teach an in
vivo device having a 15 bow, as a single asymetric
radially outward extensible flexible elenent with
reduced radial dinensional configuration, and void of
free radially extending extremties to prevent
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Is including both deflection to an arcuate state
extending radially outward, and rel ease to an expanded
and straightened state, and vice versa. The auger tool
has an extrados when arcuate, and also a tool tip
(123). In the arcuate state, when the auger tool is

di sppsed cent t .occl u tip

ext |‘§H8§pe E glﬁlgs "zﬁgaé‘hr%tl VoY ree;l)elettefs'n{eod %evme I%()r
ravgmentingve Iby)odaﬂqw paspegs Bueighrp padially andulbh Otquld&é dlood
ORBdeE SBé aavléelﬁllbudﬁﬂgs@@loa%ér foPaddpted fop usaiha i efvoiblood
\S/\gegssegld a@e%%ell ?iu thogl]l porI gccHsJ%n ﬁl%grglc}lavwge&}e QM;& htgol
dforseantiesh by gn eefpem ﬁggea cpnrrqlow efined as @ depiise detc Pgsing.
Ruvdshversoliical piodedupe toeoeandi@ches tiabegh 4 phitiaMbmgtal beclusion

gﬁ%%@ffdﬁn§%ﬁ)toﬁ'v gsgle tool tip translates into the furrow

y awa romthe arc depression, by one ste

| engths agers 'iS’P BaoRTighied $@ RTRVilecAlBImatis pagagepent eédﬁ vivo
nissie, freallgasotivh, opdet adritotledfordehtbrealuge and warslatien distance
agmpani ed by a next distal tip depression, and a
next di st%ée g depression, and both the next di séll%

ti p Rdn thiechakihe FrescridpYeaten bhpeyide gp Speluden anest G000
reakdat imethotl dor imslpmentingethy occusiore wageysfot iditaliydraversing an
%@Mkt@h’ $328H ?n Q%@srsﬁs(%@rhavﬁ@ rv@sf%t!le\,(ralls Qﬁ))a@l&% 1st;99¢'1dé(§an

e 5h i) Shadsmed [ libuatiin froews SRR 7 Etbens
tihending theth titﬂ;eCEm tadosarcuatiustets extendingatadiglly giutward, and
RefehRMo laf eﬁ%aﬁ‘MédjﬁQi dtRightcAed shteOsHdNAESIvétsd. aht Qiger a1l has

f | h bj
Reodipdls e ROl iAo 5oL G123 AR e g he
opyertaiopbis dispogeds pdiedeny the mepteipn.othe dopd é@s%ﬂd\/@e extrados are
SafHéaedemd @ﬁ@@ﬁ@&ﬂtaﬁféd yy, ras §S@W&ly35 tippdepiekdion (M4nbeid af
_Izggld resgféhvm <€§Ipo§'etdl pgsn%q {h &bcsrt ﬁlst}a{cregiggz%.rﬁtella‘?ggsmp

uger tOO

dnsttlame_vset rvhgrebpethy sigsse] iy il %%ft: auEaNRHECaly aify taﬁ'ﬁ RBEYaEh
| difeatidrefdr Gyeningafusoe (B inthe seustonce of operation.
It i &m0 h R o @at&at sthil, f*oh@wttg %‘eeﬂt?at@ Gt tmoslgtlp

prOV|de an _occl usi auger “havj ng

teg injo the fgxeaistalin aven Bay, theyire %FPYG%SVB’ %tteaﬁtepéﬁtgth
(foBE4ch oae sepmbmei dflop¢raBE) Eacnuexasequerce rof «)per@tl(&?()f the auger
Stuapg-r 5 Bhp Eutiect Na St rdesuﬁl &0)depR¥idY A %ew ¥Rtal arc

oXIl na n
txeétm,fnéﬁepﬁ %z%t L i datﬁa Pt ReRr Fdisnpsed
fdigalhybleatizmth, resmctivayta mmmt(s]:m@)ld dipsqyasie drci deprgbsional|
COG)‘M&%@%\‘ ethke %gért tégl ﬁaéonﬁ 1!11*9&‘ & fleMhd th t:&ﬁmﬂh&mecam

O Siait oAkt o b the eb e Jed P eadel 1K graadas

Singuses ateallntaylc rélbinglinotion issprdvidéd fon ea@éﬁ dutward dilatipnf apslefor

(dtgtg“ra;lg;ggon 1120\/) extendi ng distally away from t he
bow

aC
D25gb Sogetro€F e iR g{f?%f@ ipfAtipR 4 drbidimn A dogfor
afperatien i £ apecific audaher jod Auccassiverseeucapas) mam@muqqma same
18%&5&'10 hd@dbbr HZ3@N) oltehidl ARG addner détslt @dnsRMbise Thé Yuget
tO

hW?Iﬁ?aftefs glbs ot(ri:aglnf é'lxgaqf ?%J A% sta?lgefn?(% ltﬁ/ 93?{::105‘1' ccé)s ive
t%a\tflm ratateqmatn@aeqdah.veea% EIFCLIFE SHBPRCE] OPfrr@trfgt at ed
di stralsl }bét Erthadr Ioﬁj%cttdf thd1prefedt BRedivpl tb Padvide, anf @clubio auger

0] t adl

SRR, BhF T WET PRkl ATNTIE b o W90 ol ena
expanded state when the MAre is released, for the face
to translate the force applécator distally away
relative to the arc 15 depression by one predeterm ned
step length for each one sequence of operation.
The force applicator has at | east one flexible
portion, and at |east one resilient portion. It is
still another object of the present invention to
provide a force applicator that is disposed in



10

15

20

25

30

35

20 where the bow is tangential to and |ongitudinally
aligned with the shaft, and is configured to taper
fromthe bow root di staIIy away, formng a single
protrusion extending radially outward relative to the
wire, whereby alignnent of the force appllcator W|th

bow, e of the bow, th
uPSr B ek AR 50 abfentr AEhSpbREnt BFS oL Ak Tlo0
étalving am Ao vive praxibpd cxireppity (185)mnd ge int viverdistat ¢xdiemity portion
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wyjclhs cofggd ferpassiee r}b%rﬁhrqy tﬂ@q W@fepg’s @dég@noﬁ Tf&

fapplicatod p182] C22B)1122M( 0229V )trbainkdiaethd dise) eﬂ%ﬂgr@vmm g
q?ﬁcﬁ?\iﬁﬁe@ E‘ortogg?lfl% a%?oc?aﬂpl!l bv‘ftﬁmrfaéem éjzgﬁ &ﬁﬁhé

cat qr e ret t 0 t
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at r guIBrtCappAviteieak 8Tk BnE AENEIE Ybifioh,Tnd ahleY 86k resilient
Moreover, the bow is configured With a distally
’é‘ §al | d| m ni shing spring rate coefficient for
def leig ﬁiﬂg Anaikat ebjeckeighe presant énvartione phowder prcesapglicator

lﬂﬁlﬁ@i dispssed fi® fl(ﬁﬁgltadlmil%e{taﬂhﬁze d@nel mtgmamcwdﬁ Rk fedk,0dhd
e}eh’r%e %?w gqa(.)ns h?al tgl 619(? E()[n%m?ahlg ah%hgd Rl S?r{a : On {s

er o ese n I nven
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ekiehdihg rafliglyosewlardxeMiiveOtd the GiR] &thereBy atigtdnatof die fordeh

?gél&?ﬂg@ ?’a%l%:e 7 éltﬁe&thg%'fqge ﬂo&/o&ﬁiet}le %ﬁingtlg Ladifl rgrbtgﬁfo‘ﬁd

n and setting
ﬁp@&éﬁ@ﬁh‘ieﬁéﬁ"?ﬁw&%hol dlimt of for ces applied to the
augdris yaaetill ammbra,bﬁttaﬁ thel presestrincantibn gupreddé or  force

Pﬂg : a\%ﬁ bl 1§' h E‘he?let‘ot th@ th@afl ArBhR ek %emwf}@ dand

t ake one
’Eeat Fhﬁrfe R’e apP °3F‘§ H% {3cp | 05? 15 r@ﬂégﬁﬁcg? gﬁff onenef
boths @nnmttmgepa:ssaga ofo ther foveed eppimatau derougloiter ddce t bra¢, and
v@ﬁtﬁi riﬁms!a @BF th%%rcé’% Fcta%E 'i.’ﬂr til@ 58 Dold. T hadish, the

i‘%@@ic%sﬁ it 8 B B o BEHAE R g sl

afitherfoico @pphcmor dn‘elgh the face bom givbpreventing passage of the force

%ﬁﬂlﬁ:ﬁt%@mr% Qﬁé<fa&9b(§r@ eLiREES, thefordeiapflidafor S HRUEAThed to
lied on the shaft,

Bk o pEf i Bfospiriid ity RLPEaRe! ng the 15shaft |n

pr elieises rfiuthed abjesp of ethgtmesent ingenijoneto| prokideog bow that is
E&{ﬂ%@&ﬂblw)‘th' QCdiétﬁll%l tg'i*z@luml)r thﬁﬁsmﬂgv Sprirg ke RdUERIent for
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tHdrpei dentiduyedwih b [distOypiratRiblly BimiRighibg kSrir@vate coefficient
addi ti onal object of the present invention to provide
an occl usion auger that when in the arcuate state has
a bow back with an extrados extending radially outward
and away fromthe wire, and the bow root is retained
to the shaft, and the face is retained to the wire by
the face bore, for continuous control of the

defl ection of the bow, whereby the force applicator is
the sol e free-extendi ng

o
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25 extremty of the auger tool. It is yet an
addi tional object of the present invention to provide
an occlusion tool that has at |east one cutting edge
(112C) di sposed on a perineter (112P) of the face to
ext end radi aIIy out war d and away fromthe face bore,
ast o uttin e.,is.confi
108 oSSR Ve Baer AR artBE b rert P SRS 468 Ry BeGe
| andithe ape depsespipn oﬁfuhe axftiidps s harger dlnghe tlmdepreh@mpr esent
| nveanis @R atrdids %Bje@teoﬁﬁe BreSdnt $riveRtidrol prvigs ScclL@.lontdﬁger
8 ARRL CALOS (4o BAuL 1ty Lovendads. a0, axbalion win
fthe @bgea;mh inglugding asﬁoéce lirpiger pgngured Hir adslS@blérsalee@m and
tdéﬂin@ o€ b @feeetsﬁnﬁh@i thisied] @ it hof i tdspplfeart@yhel aiger tool, and a

A e bt ?o‘i’lﬁ dt (ﬁ?%ﬁb?tf‘ ¥H€£‘§1%é' &g s'e%(mg drdt Sl%dét%%mileﬁi
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feb%aégéwsn%ﬁ? Pseres @ sucaisavalg.rm?aﬁeg SEQUENEP- élat %m@re the
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tally deepen o the furrow,

%‘l%g’ all?p{“?#oone gﬁaeaé‘ast ate, the force applicator
is ﬁhﬁc@gore@nbyl @wenfsgvéqﬂ fior pprativaihendlingyand eerpieat of thetwiee
dee pethe dhdftbotiPdependerklly ah@ iny@mbidakibh. anot her
add'ﬂ °£}9£dcﬁtki’ n%?%)ij\%t(g Eeesér%”%v ng‘éﬁ 512 léeo%rg oQé{ﬁst‘i’?fn

an OCC usi on alr Cua
fayeerehatpphenciattis arceate a@@tha;s aeh%\eb%c i Witlhan prados extending
dedisl®saitonrd ahd ewey< fromdiswireizad shd bowaldosis cetsiagt w3k daft,

RdHid ﬁ&eelstrggm tﬂé W by‘slﬂéj facQ 'b%lje af.f c&'ft %ﬁé\%lﬂ:ontrol otf ﬁhe

pr ﬁpaga | on nec an|
dGHPSIRR ofrBe hRwn “fhﬁrebh éh"e iqs% a@awg%tlSethet ﬂwée er?-e@endmg
apptmitpohthe ager woki ved by one step |ength distally

deems{s e Qﬁltﬁﬁgp&ﬁ@cq of B, é@’ent mventl!ntl td ?ro%{dlb lah o@clusmn

furthe ct o L nventi on v

Jeed thpd w%&aneﬁh@fl% P&ﬁ@@@ﬁm Jong pgﬁglfé{%&&tl 19)
dadectodxtenil shdisllyy ogwetd @ eyl isnahg faek ey 220 whae thé at
hedshoPalidtd QiR it Soifutddr f¥B thdially cutting into occlusion tissue, in

vivo

It is yet still an additional object of the present invention to provide an
occlusion tool where:

a. the force applicator is navigated to engage an axial furrow in an occlusion,

b. the face is abutted on the force applicator,

c. the auger tool is operated to the arcuate state, whereby kinetic energy is
accumulated and the bow asymmetrically dilates the vessel into one radial outward
direction,
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the wire is navigated to engage a next occlusion and a
next occlusion traversing sequence is perforned, and
the shaft is proximally retrieved ex vivo while the
wire remai ns disposed in place for use in a next
treatnment intervention 251t is noreover a further

obj ect of the present i nvention r ov

occl dydie gesr gelr s irgssed fo kit Pt %&m tFlEageg Kinetic
extrey dsteglisshabbw tpasbslae theafore sipplicate dissillyrintotthe fistoa, t
igqretrievable ex vivo, by either one of both:

retri V|n the face bore proxi el
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tohdusimm@trammdmd regamaytegiblapdiflos i sestoredi st al | y awnay
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|fﬁ&€:dﬁir n%ﬁld ihifiae s @bdkolsro aafor Aeeiahdm ©f opeh@nd BRfally aeepeaf

ger Y \Fvgzhnld WheeI t1n the e%?aendfc{ stz?t & Stﬁ% fﬂﬂée;ﬁl bilé/atdrrféjr%?gve%eﬂ}toéS

Pll@gfhﬁlfttﬁb’r%h?@ insthe IdPeP&Wdch]T@YYt of the present
I NV @ik iyenstillcanpther adtitichal 6j€dt $ Herpressgicinvention e provide an

%E&Hﬁ%r? %o%i %Jhlgrel &’h&lcp'} By eagcua@:y stgle th@' foxtcE aagélll&folr Q e%%blg

SBreds 1hRCIPr dsprcesion s W@qs enzmes tnr?él arg séi;)a?falea ta e s
dadove vand ihiyiatdiaséradk propapatiat mechanfsmt focopen raed distally ideepeno
t&lﬁ:efuﬁga @f And WiPR i} ﬂr%te anhé@&étk dhé Rfic h&lt(gtls%{:&g{@ﬁne
FY?P@‘W@% ‘gﬁ?lg’c‘{e%?r 3 dﬁ"rpég‘?éiré@f’?fvent ion to provide an
occliuisistii @tigther whjesteifrthe Ipeesent fnvtatior 36 porvidesandoepsved

gﬁ@&%ﬂeﬁelﬂ Gzﬁerfiﬂhe lep 5§p3§hteﬁexté}iag dRdl P%aé%raﬁ JHERSES ThtRG
ecte m t he group of spans consisting

6’1‘1‘3 8‘3@23@8&"8?1&% o §X| mal |y and distally relative
t o theewitepis deizetsd i tonengage panexé xacelusipm gng r o xiextap¢ojusion
ib@bin Qeqhalcelisepe&foan@ifaﬁ@s& on, and a span extending

glezgl}e s&%ﬁ gflpr%%{fn%/ rﬁug V\ﬁ% \%1% Elg SeI v(s)/{}e rerrﬁal%dmé)orsrcedn s
dlace ﬁ@uisw@memrpammm IYE@V@@%H bed Wi th ref erence

It is moreover a further object of the present invention to provide an occlusion
auger wherein when the force applicator extends distally past a traversed
occlusion, the shaft is retrievable ex vivo, by either one of both:

retrieving the face bore proximally away relative to the force applicator and
sliding the face bore over the wire, and

disengaging the face distally away from the force applicator, and retrieving
the shaft proximally.

It is furthermore an object of the present invention to provide an occlusion
auger wherein the auger tool is configured to accommodate locking, translation,
and rotation of the shaft and of the wire in either one of both mutually independent
operation, and in mutually associative operation.

It is furthermore still an object of the present invention to provide an
occlusion auger wherein the arcuate state is achieved, by distal translation of the
shaft relative to and over the wire until the face abuts the force applicator, and the
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to the follow ng description of exenplary enbodi nents,
in conjunction with the figures. The figures are
generally not shown to scale and any nmeasurenents are
only neant to be exenplary and not necessarily
limting. In the figures, identical structures,

el enents or rts ear. ethnonefl ur e
ERL PR petis e e B 06 iy TG fo e sHal
rilheiskstal imansidtion hiaea fteglengh thiahranpisdiont heyn @ffean, in

whi qhis Jei gill é—ﬁirt%e@ob?&la BBk ?es@tllﬁ%ngd)rﬁﬂ)r;ﬁ‘ml@é arl Q&Iusmn
occl u § vat i.on of

ety °1 heuin derpstd i SotosrhaPalL OF ot RSPy and
dbyer depressndiangsnao seleged from 2igFirgup & spansaohsistigs otidspeal

Cdxﬁb‘ﬁ&mg %ﬁd)dnﬁﬁl)pindtd?ﬁalﬁ' Qeied %V@E ;ugrateﬁﬂagsm aRpdrl &tending
acl Ua

ov ‘g’f%‘? AR R et ST RO A St i g éﬁ%ﬂ“eyge lagive o

P depispign. cr oss-section of the auger actuator shown
Imld?D&scrfﬂmonoftheDravﬁhg 6 is an enlarged detail of the

' B SRR U Gl 0GR 1AM el

an en
§ﬁ e qll@m&grfb’s%’é’élﬁ%ﬁf s¥gnyHlary we&ba@g@ptSa@t GPAIUBFLIAIHik the
HiggresSThe figurés g@re gBn&hiOBotahbwipite sdaleofflr alyi michsvirementsl aed

[9%5 ﬁiﬁﬁ gcggéj &eﬁmpgérg';l%a Qgt &g%s\%véfﬁ% g{}uﬁﬁgﬁ{ th@“f\fgﬁ!eg‘ B&he
c#ra%fgr%eeé%mwﬁsor&aﬂa WhihapReAT dn HiOTHheh, ane, B, greghetanagler

delptaddivittga samd-bigsimilar numbefFimgal the Hilguret B whikBAhdyocaph24t, in
Ah:13B, and 14A to 14C show details of the

naV| ati.on and t se of t occl usi on auger of Fig.

Hg. 1isa's %“C B%CE?L%E“O?%‘RW%B%"“W% 17B, and 18,
s hO\HIgiez ahdves @fs1dehée@pen aff i the dsfal 36 vivre portioh witbm vessel
q;églgglogguézf Gecobding tod3g. 119A and 19B shows enhancements

o 83 AT o s o By 9,0

t he Fagc4 shown anevivofaugergactyator for the operation of the vessel
occlusion auger,

Fig. 5 is a longitudinal cross-section of the auger actuator shown in Fig. 4,

Fig. 6 is an enlarged detail of the wire-locking mechanism of the auger
actuator shown in Fig. 5,

Fig. 7 is an enlarged detail of the shaft locking mechanism of the auger
actuator shown Fig. 5,

Fig. 8 shows a typical operating room used for a procedure with the occlusion
auger according to Fig. 1,

Figs. 9 and 10 show partial in vivo cross-sections of a procedure with the
occlusion auger according to Fig. 1,

Figs. 11A, 11B, 12A to 12C, 13A, 13B, and 14A to 14C show details of the
navigation and the use of the occlusion auger of Fig. 1,

Figs. 15A, 15B, 16A, 16B, 17A, 17B, and 18, show details of the operation of
the occlusion auger of Fig. 1,

Figs. 19A and 19B shows enhancements of the occlusion auger of Fig. 1,

Figs. 20A to 20D illustrate the mechanism of bending and expansion of the
occlusion auger of Fig. 1,

Figs. 21 A to 21C depict various bow root configurations,
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Figs. 21 A to 21C depict various bow root
configurations, Figs. 22A and 22B present optional
enbodi ments of the face of the bow, Figs. 23A to 23C
depict a further enbodi nent of the auger tool, and

Fi 8% gﬁf‘an@ﬁﬁ% p’?‘%f %’pt?o%gl exﬁ leﬁf%nglﬁ‘%g ?c{c@'olf thedbow,
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dlls\!al AP OTval $uTti6 Alt tlﬁg cb%&te@&ﬂidﬂahMgauge in $BQ0portien afi the
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odeen Bubt 1088 oD 0 eChERe 3P0 S fe b hown
iniigel. 120 and of the shaft 130. In the preferred
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flexi
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opadation nmechanismin the occl usion 320, and
toln @pcxtwonoﬁ@nnamp bowt 10| ilagrscibefurpw 349 ssymnaefpically into
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ﬁﬂqlg‘;vrgqo_t wo phases, controllably operated in

The flexure to arcuate and the release to expand the bow 110 are respectively,
a first and a second state of a sequence having two phases, controllably operated in
successive repetition by the auger actuator 500 to cross the occlusion 320. If
necessary, repetitive operation of a plurality of sequences is reiterated successively
to traverse one or more occlusions. Figuratively, the auger tool 100 coils-up when
flexing, and uncoils when expanding, to progresses distally in a worm-like type of

crawling process.
11
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35 successive repetition by the auger actuator 500 to
cross the occlusion 320. If necessary, repetitive
operation of a plurality of sequences is reiterated
successively to traverse one or nore occl usions.

Fi guratively, the auger tool 100 coil s-up when

flexing, and unc l.s andi
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exterior 136, and the interior 137, which supports a
wire 120 therein. Al so shown are the ex vivo proxi nal
extremty 125 and the in vivo distal extremty portion
121, of the wire 120.
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Fig. 3 is a longitudinal cross-section of Fig. 2,
where the bulb 122B is shown retracted proxinmally and
in abutnent with the face 112, in contrast with the
position depicted in Fig. 2, where the bulb 122B is
shown in distal extension away fromthe face 112. 5A

rel I é 311%? lor\}gﬁ'}x(ﬁ; Hal c?osg fs!:(%ﬁlq %gﬁ%a?l %ghetrg] &1}@ bulb 122B is shown
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5 exanple, materials including Nylon 11 TM or Nyl on
6TM It is remarked that the shaft 130 may have a

di aneter of 0.55 mm for exanpl e. Fig. 3
illustrates a coiled spiraling wire jacket 124
encasing the distal extremty portion 121 of the wire

120. ' ' 4 ] u .
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Fig. 5 further depicts a step Iimter 541, or stepper
541, for setting a step length, for exanple by hel p of
a setscrew 543 coupled to the wire handl e 550, 5 where
the setscrew 543 is received in a relief 545 cut in
the shaft body 534, operating as described
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5 material including for exanple, netal, such as
brass, or a polyneric plastic material known by the
trade nane Accul onTM The wire | ocki ng nechani sm
560 has a built-in force limting nechanism The force
applied by the wire [ ocking jaws 570 on the wire 120
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10 provided with a wedge 521 configured to engage a
mat chi ng groove 523 accommobdated for this purpose in
the slider 524. When the operator OP depresses the

pl unger 520, then the wedge 521 pivots to engage the
groove 523. Thereby the slider 524 is drlven di stally
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10applicator 122, and on the bOM/llO Flg 5
depi cts a conceptual enbodilikent of the step-length
limter 541, also indicated in Fig. 1. The setscrew
543, coupled to the wire handl e 550, and extending
radially inward to be received in the relief 545,
operates as a stopper to limt the step-length. Wen
the shaft body 534 is translated distally, the
transl ation
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15 wll stop when the setscrew 543 abuts the proxinal
wal |l 547 of the relief 545. Assumi ng that the shaft

| ock 540 is | ocked on the shaft 130, and the wire | ock
560 is | ocked on the wire 120, then when the shaft
body 534 is translated distally, stoppi ng of the
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The auger control 500 is thus disposed ex vivo in operative association with
the auger tool 100, including an inherent force limiting mechanism configured for
the adjustable selection and for the setting of a predetermined threshold limit of
shaft forces and of wire forces applied to the auger tool 100, and a step limiter
configured for the adjustable selection and for setting of a predetermined distal
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Fig. 8 shows a typical operating room 400 used for a
procedure with the to occl usion auger 1000 that

i ncludes a surgical table 458, an inmager 468 and an

i magi ng di splay 470 that provides a real-tinme inmge of
a treated vessel 300. In an exenplary enbodlnent
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AP exreial Seeing GPOEOERT TR DIeCe BT Hp Petiaas b

used in common practice, may be attached to both the wire 120 and the shaft 130,
if desired.

It is always possible to alter this factory-set disposition. To extend the bulb
122 distally away from the face 112, the auger occlusion assembly 500 has to be
manipulated as follows. The shaft locking mechanism 540 is locked while the wire
locking mechanism 560 is released and the guide wire 120 is manually pushed
distally relative to the wire handle 550, to extend say for some 40 to 100 mm. To
maintain a selected distance between the force applicator 122 and the face 112, the
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distally relative to the wire handl e 550, to extend
say for sonme 40 to 100 nm To 40 maintain a sel ected
di stance between the force applicator 122 and the face
112, the wre |ocking nechanism 560 is |ocked, as is
the shaft Iock| ng nechani sm 540, so that transl ation
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Evidently, it is also possible to unlock the wire

| ocki ng mechani sm 560, to extend the force applicator
122 distally away fromthe face 112, and to handl e the
guide wire 120 i ndependently, even though the forner
configuration is nore rigid than the latter. The

rtool, . i ow | posit.ione L eat .
SRR O 03 Peh I 6 WP o IOR KB By Bl
dpprihelatte: 122 into the furrow 340 was successful, as
by Srheiagger 161015 wweReclfiBtiohditoftakaen apghiicred 2w, eidtk? if
g;%%tra‘i’igh'tof 1R YotcB @&ﬁioﬁbﬂhtc?%@fuﬁ@w E.Xo @ag deéfiful, as bh/”

rnir step, asgenlnexwvom I g. 5%\, V\/I_thte
igecCGappryeaathsn thetorcsspplicainy 185 only abyts ea thejecclugieg 320,
vastoly FiptipAt he shaft and the wire | ocking nechani sns,
o et it 3 S R COR 110 0P S e Gt 2
RS PS the ey 2 A0 1RSI (s o e Y IOp S RSBy
tlhg)eétmgb'_ri;lo fand 56 Gbeingplocietipthe Ghlar 3bdisposhed disEHY aivay from
(0 SRS A S0 iRty RAlibn %) lehatth 3 e nd T b7 he
it i pBreibE OF Treotly F2romrhisl wit PR Shihs £ gl
tdistallyg n adiressipminditiatet dpidlae dDrovf Ay cavgiaghesshafl3@ tobtranslate

CRAlyRIBVS 10 thS WiRNDD] ihedhgh R Bkl Gist8XdRANIBH extdrd& of 0.5
fallowing the arcuate state causes the tool tip 123 to
t

Cregtﬁrg%lygf:e into the furrow 340 distally away fromthe
ar ¢ Taansitien diosnthe sypasded sfate follosiieg the frsuate stake eghges the tool
SBOLIBNG Qraﬁs?at@ Re6 el Rftow!320 tdtb@algaaWytrﬂ&ﬂnﬂ{e,ar@a@?es@iembyd
S r S
4R (63 o0REh Bhd Bhuce bEGBHIR 10 ROl T BEL TRANc
depeass phRperainn Bbile apgsr feoltis dceqmaranied pbya Adnexh disted tip
rdeptessiorg afid pmestsdistal At degtessipas estl both tiad hext distadtip\ead tie,
I t I . :
JERPEE doifttaln, Be REGULA il o REGULRNS, B thovious tip
saﬁaei FFPYEoYs Anh deprespiony Wher theaveercqpleli0ds operaied p 2 specific
sperbielf io€ snm&tm'a\re_ edquemmds, ad semb vipedficiduatbeooé radiel oﬁt_ward
R A Bl gt A e Ky
50 S ihg 5n 190 romains BRkbpporsi e sttt s Pardio
draphlate alistallyl 23 thenfiaion spplicattn i2Aemmaiag & Alntménicgaibgioface
ghtg, *‘fﬁésﬁﬁﬁm"mﬁm il t@%nﬂ;eéle@ e@cm%C %&t@?&dﬁaﬂy%ﬁﬁ%ﬂd %}J@G{d 8&1&3/

u . S . . qul
SRR ARI R e okt I5RRSS Fig 1oh UL A
A §ig. 3, the frse fl bk is bentin jobliguenelative tolthe pveback|147,i wherghy the
tfbiRe RpMidane 24 Hifst cohgisime fabe 11 DhCE RN Préderifined Pdint P,
soRh bR 3 bhat AR R ndiiorlh, HE app Rl FERRRIMI foies
o frapfines fredoeatipn where o Eidhwitldegindp iflet, and arcgaei nes
t he Asalegdribedhetbiasidve1Be Bidwndidhk anidlthe fFGing of theftleible R

I ri e WASH | |
316 480 Soleed 1 ASBE DRIINCHEUPARIAS ol FERS B dne
trediglys Qutwagdy hwﬁrrg afl ther berst ldPninked readilyapradistablsamade of
faocurktble deﬁwhglaleﬂycti@utcmﬁtﬂmdsendi ng of t hle bow 110 into a
rea : t C r
o Terifl RERE, 2 SndfBGul wPRR G BlcE| plitildy o embess
JRAEMERYED ok e qoglusien 3P Freating %282 tineeuessiont ¢ L oo
pdti¢h the fodce tapicate 1103 iaachod OVitle tlesaforargappliéatersi22t dnphored
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the first tip depression 141, the extrados of the
fl exed bow back 117 of the2l
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arcuate bow 110 engages and enbeds into a
dianetrically opposite |lateral portion of the

occl usion 320, creating a first arc depression 151.
The vessel 300 is thereby dil ated asymTetrl cally and

R t war d 3

anb et Bpyp bttt befianton st acdly oerlsRE fn8fif Jortion
ofcibe ocelgsidn $28) trgating o fimshvery depregseoredis ¥. drheowssad S0P cbﬁhthereby
ddzﬂ aécsimmtet?r%a hendi @leQWo&tl&hrapﬁid s fﬁﬁbﬁzeﬂd Rile¥RRR d>pen

sion materia assa g
i} 3,588, O, PYPAZRAOT RETOoE QRO Sh ple e e At Bty
openad fadbe poetiarse Iro Gk, ube bending boweld.0 applies forags tohaxpandthe

O&ﬁisqioﬁ H%Eeé%ai‘ ﬁré %agﬁaf' ss]agg’ afn tlaf;ﬁg?gﬁgénr% tggglé}a i's;t%gﬁlm blood

?‘@Ipégb';’ﬁ'f yas ayail qipre Orcgg"ﬁlé’ QBTG the tip io
defirreasthos bk4aidahat thacodlitep R3poktheiangeritdol 11dtand the extrados

of lﬁla SROH bk lyl 7 &8 gﬁﬂeﬁd&f‘mfeléﬁ@aﬁg ‘iiettafh%d 3h Cre@ietiOély e tip

are osl.te eac
deprawian. Hjarid ihe 3is OBprRTRN 1 Rt tiprgpshgh f A and
theharcvascher AA diat adre ddisgsosedredppiosidd [ty ¢achr ettiernlin cipaoed-apart

SRR LSO ek e st

e
raggp] outvagrd| diesen Tof PPERAG at &b’@rt e ocHpYry
engagfarthei per&tﬁt@&ﬂetthatoeclhknenrﬁ@@l, yhe fenedpplicataw 22 has to

pl%%héss ocﬁstgﬁ’g Bgé%zﬁltg Qﬂd eﬁ&@%g‘?ﬁ“ﬁ% ehé’ﬂ ﬁ!lrgow portion

|
340 sTcaﬂ@%e@s'cﬁ wwx%g'lq% gVt Gveghar rs&%élé(r{mhed

tHrbget fdisante Mshdeid ﬂ@eXSAND nowh grippédisctoebre thef thmgbr's and

n o t
o T By AL e i
ofh, hend 1 oxi{be Wikg, hanls 30 SR EPYY™ gétvwé} V9 i ign 14 [hereby, the
eldrgY @lhtl@lewl\mlﬁ@ ato‘aatfedio@x_%Hd;stlelqamotﬂmhﬁm&célﬂ distally, in
tally,. | e n
N Ny e
cqllar 338l ease of the energy-|oaded bow 110 fromthe
ar qth@t RlGkatld e emegpidiedesbwt Hile fidni ths arhatd atate to the

d l,
eﬁtgnflﬁg %W?(#rb séﬁ% fgc&hlcl% ?ﬁ&’ }Sf)a&lg go&gépag%a%la 1% dfhI® into
thecfusreze 340.t Waen thesflexpddare p# @ issielrasads the Hst arcdepressian 151,
of\Airt MRh¥hiAA ke viliehiahe gsldtadnsradds tdfethbobowaldck1177 is

ECONES '@ ref

e HeBIEE 45l BORRC oy Bl PARE 3 2R Dy
Thersforep mathstherfiras atsudapoessiont asesuppaie thsf shepe of ke 5%/@@11'6 Of
tIQif flek&d %W@@O bevdifiéfent Srohh fther entanf rdapé Rizvelopedirlyring the

B ? g during the 30bendi ng of the bow 110.

o ﬁg:etbqvg? P portion of the bow 110, extending
bet\Waéﬁ thialistalr portmcoﬁ@lm bowi bH),1&ergding theeweqny the first arc
d@ﬁ&&%ﬁl o1 44d thé i |dé§§é§§ioh01451t ﬁ@lr@fébﬁdl @tstraighéen out, the

d
PSR R  PF eré?%ﬂs R Rl TG o the
releecHéd wihicht secachedrid dle gmdgd seeand. stathi Ihpepernits thedorce
5%[1&1@013'1522 8Pl gﬁﬁ@ fwite2 22@%0 pbfetehid distady’ RirthéP idto the furrow

netrate .di st her into the furrow 340, as

O%TS}]IOWD\}P\Y&)V(? i gy£é4c As stated herei nabove, the
di SAsstaedheranatuivet the distaleparpion o ghe witedi2Aghatietainsy e force

ggﬁédt&am ahd4he BOW H'@ethapw (illgiQ)SE@ ah th@ dQsltzﬂ w@&l 8fthe shaft

orti 0
o ruliggooly” T aediane! Lbis s S oy 1101
ﬂelxed ovardute,i by 41msin@<ﬁ1@ distane sepagating thel distahgxtramity of the
di stance separating the distal extremty of the
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shaft 130 fromthe face 112. When the bow 110 is

rel eased to expand and straighten out, the force
applicator 122 is pushed distally further into the
furrow 340. Usual Iy, a single two-step sequence
of operatl on of the auger tool 100 is not 5 sufficient

t 0 on .32 t he, sequence o

égﬁ 1% t@f‘hgacﬁe ﬁ%ﬁeﬁl {5 ﬁw aﬁg 8 RIRT gOpraelsdn d
susightee outepk@afp@d apphcatooi%% isaiepahey, disthidy Bisthpaintosthe fgow
gughed with the thunb T to transl ate dlstally in the

d b
13 A s@@t A 8“%%% es%rp:gﬁcgueh&o?r OtD ra 1on oé\ﬁ(ﬂe {égqg‘ ‘too:l'%&) rlﬁ)he
[sefficienCojtgverpecangtasclugien 3Hbapd the swu@@cem cwﬂlgg alrbumfsshlng
fiwoinhkd @b&EndPBtdss Aufbe teheatt@ become engaged and
ancRRLS ggaur 1R Buseeandplhb ARR Eﬁ%gm 148 Fandthy BOAAT in

di st reSS|on
Ehl%wes@anqeh &s Beswribaékrelatipn g @éﬁfeézg A nthe bending
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uger
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f ur 0eE midke, pRIT6cE appichtof 22 dhgages alnewlyoorndatsrackrogened by

fakj}@n!et}(xc r&cﬁaltdﬁlgtﬁ ‘151'? gf tﬂg q'es%(l' Od*l“ﬁé ajalvﬁla%g:toc& of ﬁ@tauger

necessar e.ln
deal dppasaStdﬁ%vpb@%erslagwe,tw bemee%%ﬁﬂsa@ea g pepdedtq fyrther
tpedat@atesitd the @oghsion 324 ard Sinally,ab taeebaisnderst distslip setdof
gt Lhguy&ssel 300, untl | the gui de wire traverses and
emsr es distally a f th ive | ast

C .
occl h§| ’&fﬁ e?‘iﬁﬁ‘?rﬁ apP| Scr’c e tabls i‘gﬁ P SRRk i%@q oay) fey
ioperated ¢ avevse tirbegisa afccassion obogriusionsdispessd inpthe wess¢l300,
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AR TPy dii Pl der Progirges oty To s SsRERERY B e
Opeiligueténs] frivningediag f@'dlsrehp eyl ot depressione bendi ng and
gégmhg rn‘tesg{l of hBe RRVuAD- auééif 1 dvos a”g&g e}fagsratgb ghrough a7-
s |
T S R
ibading ambe@anmofche bow d 1q.0inghis @eashers ﬂ@rpccluswn pgger 4000
rn@dyafrmqiset mq;mtam rt zWQoﬁF)l%fb SEMUEIHC 8200 fof il IR GardNength,

governed and controll ed by

t“PFZ acg’ig Q/ﬁ@gfcg{?éléc Pc%VY (}Cg B1°"500. This neans that once
t he Toip seraarised tom thevoswiercteneance pbiflexdng and|eypandingrof ghe bow

St eRs gR8Mkd andcsiiafléd byethe ek ivBAd auger actuator 500. This means that
once the operator OP has selected and set values for a step-length, a shaft retention
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force limt, and a wire retention force limt, these
sel ected val ues are nmaintained and will be repeatedly
and identically applied in further successive
sequences of operation, and will not rely on the skill
and dexterity of the operator OP. For exanple t he
oper tor may sel ect,. and. set, the s

3t Bindears wietoroncs pRRJETOISG TGRS I mrpeingd
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occlThei owelusisgeruge0 d000rayays sarve ag guidai fge aflgjtional surgical

Zﬁﬁ%f&ﬁe%&@isecﬁk&rsi}hﬁ%edtﬁ %hdg/ gf@[lbﬁmgff;ﬁ&edlﬁgéi iFat| éxam@rRylSthe
u
et A R I e e

as shown in Fig. 18, whereafter the shaft 130 is
retrieved proximally away, 2or the wire 120 to serve
as a guide to an angi opl asty cat heter supporting, as
desired, a balloon with or without a stent. To di spose
the force applicator 122 and the wire 120 distally
outward and
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5 away fromthe occlusion 320, the w re-I|ocking
mechani sm 560 i s unl ocked while the shaft-I| ocking
mechani sm 540 remai ns | ocked. Then, the guide wire 120
if pushed distally into the interior of the vesse

300, well distally past the occl usi on 320 a shown in
Vivo in F| Q%% Then auy, eh t ool iﬁ r eved
33, Whepatipr i B skt 13Qus ltetr%fﬁ% 2ia3 23%?%?‘?{& yife Lipseive
B8 Q. gufider tot 4n sngeplgss exthetdresuppartingyeels dosired) @r’DaB@OUt wish or
QHindE Wkdne 120 is held stationary in one hand, while

the_o retrieves er.a r, 50

t horTB PR e Jotch bRy 123gn8 HH°ird Sl At Saityarf g
afvay lfromf the ecdhusian 3203thewére- Ipﬁengmamanmcﬁ@w pelogked while
Q@éﬁﬁqgclﬁ{gt ﬁl%cﬁahﬁmmsi(ﬁrér&%lél 106k edE ThE) it 98O wite 120 if

' k
PRRA G o s AP TR ge PRSP B9 dipequsion
Bafmshowvhin WhaintFig38- ex vivo, the operator may choose

to gnbReke AREMobNEVOSH Adtlicveaek ivivg inpedxanilsnsidibnandr thee

P14 6k s PRART VR heakial Bithoh 8 thd EUIBY i 30 "”? el
sREorany in ene w¢,e~111;ec;he aﬁh%bandﬁ?tewes flreaugpp3tuatos U Psan
tikieavsittedleckhp sl 188 by pitiinkal trasydeivh of thetfaee buire £131@@r the
\@ﬁéﬁ: 0r %HE' ?; hﬁﬂe(ﬁ) Eﬁfﬁhe who ARG rﬁ%‘lﬁ&mm 56(P4"dnMked and

% 5?%

era usl on uge I'S pPOSSI
derke

%@%@%ﬁﬂgﬁWEQWH%P -ow by use of an
angiImphaﬁttemaﬁ@et bmt:aiurel&o distdllly rambed kKtwoshaftSIB0 ek siyosdut
3%3121{69 éﬁ t%h%B&f t]'tﬁgck Qc?tlf-l %ﬁ@%ﬂl@cfh@ medSisnd 540 and the

SIre

(VBrslpping e 1891 HEmoRS e s ottt 1) %&H‘ﬁ%@
ttheslatpanoveq tiof slaiﬁdliﬁl and theawite i180,t #fter fwhieho\thg gignft 130 is
%&19(@@#)1‘03&1114119%vﬂir}gép@&'t@%fe)(mﬁéaﬂbe&/ﬁiﬁh IBhiBURPRES.S a
stent, usé after operation Since it is
possible to insert additional treatnment tools in vivo
over the shaft 130 and over the auger tool 100, it
becones superfluous to proximally retrieve the 10
shaft 130 ex vivo after conpletion of the procedure
usi ng the occl usion auger 1000. Therefore, after use
of the occlusion auger 1000, the auger tool is left in
place in vivo, and an additional treatnment tool is
translated in vivo, over the auger tool, and di sposed
for further in vivo treatnment. In case of an acute
occl usion, the bow 110 may be flexed to a sel ected
degree, 15 and be rotated about the wire 120 to cut
into and disintegrate the thronmbotic material of the
occl usi on. However, when operating the occlusion auger
1000, it is possible that in the case of nyocardi a
infraction, or M, deriving fromtotal occlusion,
enbolic particles nay be rel eased into the distal
arterial structure. To prevent such an incident, it is
desirable to provide for aspiration of these enboli.
20 Aspiration is possibly achieved via the shaft 130,
or by any other duct or lumen allowi ng fluid

comuni cation from an aspiration opening of the duct
di sposed in vivo at or proximate the distal extremty
of the occl usion auger 1000, and | eading to an exhaust
exit opening of the duct, disposed ex vivo. Fig. 19B
illustrates a suction duct 139 with a suction intake
1391 opening 25 adj acent the distal portion of the
auger tool 100, appropriately configured and di sposed
to di scharge any di sl ocat e@5occl usi on debris to an
exhaust openi ng, not shown in Fig. 19B, but di sposed
ex Vvivo.
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Mechani sm of Bendi ng and Expansi on Al though descri bed
her ei nabove, the mechani sm governing the two-step 30
sequence of operation of the auger tool 100, with the
bow 110 bendi ng and expansi on process, is now

schematical ly described in further detail, since the
cessi ve shapes of bow curvature duri ng t he
M%ﬁsst ate are not identical, in reverse, to the

sucdasiigvepestiaped Bf dvolnsion ramgerut @00l iv usngoasw& b rev e
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l%(g‘éép%ﬁe Stgut 1;rHS’etan er?%erzglon applicator 122B, which is

r et Aiedt ispopikie o inpert pdditiorekeptmpnt ool vive S5 Jheyshaft
agaians bver e auged tusli 100, i8BE&omes sub¢rildods todDEkimally retrievedt
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110 into the arcuate state, the shaft 130 is distally translated toward the force

26



10

15

20

25

30

35

40

The bow 110 is thus appropriately configured with a
distally gradually dimnishing spring rate coefficient
for deflection under |arger force at the bow root 30
and under smaller force at the face, whereby
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extremty of the shaft 130, show ng alternative
enbodi nents of the configuration and of the nethod
used for retention of the bow root 115 to the shaft
130. The bow root 115 is best shaped to fit the
functional demands required by the manuf acturing
t echni ques applied for the retention theé%)w 118
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illustrate a distal portion of the auger tool, as
enbodi nent 200, with a different type of force
applicator 122 and face 112, and with reduced
di mensions. In Figs. 23A to 23C reference is nade to
the planar face 112, but the sane applies to the
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35 of the cylindrical face bore 113, to receive the
mal e screwt hread 122M therein in matching and in

ext ensi on therethrough. To extend the nal e

screwt hread 122M distally outward of the face 112, as
shown in Fig. 23C, the nmale screwthread 122Mi s
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In brief, the force applicator 122 is permanently
attached to the distal extremty of the wire 120, and
the force applicator 122 and the face bore 113 are
configured for either one of both, permtting passage
of the force applicator through the face bore, and
preventing passage of t Ilca r throu e
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whereby the bow is configured for asymmetric
deflection in radial outward direction. 2. The

occl usi on auger according to Claim1, wherein: in the
arcuate state: the shaft (130) is configured for
remai ning i n place whi I e the wire (120) is confi gured

for retai.ni,ng.t he b

i v dBCT MR aPTEHET s ds (TSP AR ajeched ) B gigal
aaxthiity 0§ the oifd P0r endl the faceariptitaterf 1221 qnd da fagheare fl t  ae
t&)ﬁﬁé\ﬁ&ﬁ ff&C@it}{eﬂ- :bﬁé of Sooftf) rﬁehﬁitﬁr%dpis@a[geuﬁcmH foft@ applicator

ool fi
e 1 ot B PO eyint BB bt S Spliior tprough she
sﬁa@bqr@ riglfeﬁwseome derehapnticaterefideand éheoflacq)lgm éﬁ %;ﬁ coraaﬁrwred
diofBAIB,| eRBittdiphatAREesT th lfdr&b&ap@hcf&%rﬂ 2D @ivioagheth€ maf benes,
e I

s%dpt% %‘I%%H%s%@ bl o8 BolcE 155 BB B0 AT L€ 113

Ghassrihe forggrapplicater 122 iy fetaingdde theyfaes 1] sm@esqwm@}m@atrﬁl&d
fdi@utinngt iefeagOnt r ol | ed defl ecti on curve shape and for

pr O‘élkg sﬂ&% a%hht@ Bofihh 9{‘r nythgg%éé}Fb Hﬁy&gﬂ% ¥¥aﬂ§‘outward

In_asymmetric r recti

&y
“fdhe force applfpaiog,shews FoPHLD G24F i ki BUEPERCEPS to pgy force
rappbaate 120eThyy tip porioh HE2D dwelpk oo bdmer\andg)rtthfefm‘mdtpphcqjor

I ﬁtZQHtg 'aE@ Lip&%ﬁﬁsllﬁtcfe% i oc-EnﬁloHQi@idéS' on auger

conflt Bl cpppissiateg By |Pﬁf§°ft§p§[<&lﬁé|‘{l e gty iy R ool Brentitn is

enopdimiied ¢y whhichaahgen partiollarys showmf dngudesdibed hergingbivei Figr
Sé*%};@nmeaéd ¥r a%)% ?ﬂalyY};]a?E‘ g)rtm %ﬁﬁé&atﬁ)ﬁ@yasf roﬁgn db H@rg%hﬁtg;l
ol mosof isepadcd R, f ebbr L TE Whichthe gl o

rftexibdsporgon, Thay leaye Imse swrhapegiéons abikewise.rife avgecitenl 40 my
Vl’ﬁl% 8hdor more! ﬂéﬁh@rﬁ Qfohmﬁ@g Q\)IOI\UOH? th egkrdoatrolefofl adtdBhtc

rﬁ&)eé?lofg PP %li éeﬂuence% Bf ol%ergrglon 1 atﬁ t%g SC o\%ﬂe g}‘ %?%}éed%[l (?n\%ﬂtlon
S e BRedry 1o APRARINY CliTe B el Dot FOTERTAERS (3 Sub
ehibirationslofthe various features described hereinabove as well as variations

and modifications thereof which would occur to persons skilled in the art upon
reading the foregoing description.
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the auger tool (100) has a flexible and resilient bow
(110) configured as a flexible and resilient beam
cantilevered to the shaft and that is disposed in

di stal coextensive |longitudinal alignnment with the

di stal end of the shaft, and the bow has a bow back
LIS whi ch is configured as a flat spring disposed
internedi ate a bow root (115) fixedly attached to and
supported by the distal end of the shaft, and a face
1(112, Aradglugiorengerliedio)der distally trayersing axecshenion(320) in a

v?é?fﬁ&@?faam §xesrell€ IR0 8 S u® pL BT TS Py o

% r{ag{g,y%rough of the wire, and a force
app Icato 122B, 122M 1220V) retained at the
tied aig@ktcﬁﬂbemgloﬂmracferizhébw re, is configured for

Shéne fugdhaecd (LD sz S (1001 81 § SEBRYGTELABHD A
S s e e S

d%%félséc?ﬁhgéntlafll‘yrto tahe Iengithdtiaiytatigded with atdiﬁa}\/ﬁﬁis(éBS) of the
asymmetric radi al outward direction, rel ease

sbaft { ) pwhetierthe ﬁhﬁfémppaﬁel amaredae) @@nﬁg\%e%ml%m@ fhew, the

ded f f
B B SoELAETSPRSRRY Shib 5 U feg! 2 6 basecr17)
cbﬁhg&ﬂeu%s*a%ftgﬁnﬁg Sndiﬁla{&%ﬂ eRY (P1M, pr edeterm ned step

h for ea one sequence of operation, and
c. the bewst‘ennmgtmngmerradlammrusnenfrela@v@to thn @Vltﬁ; eng épﬂwtwn of

ding t 5, wh
T Tl T B ST Sl ST 5 B g
?ﬁﬁﬁ El? ctt% A thd Gowied & afb‘ﬁgte stath léffite g%&@ﬂ& bRYA2A iRBbne
OB & 0 Y he“bow are configur&d for® either one
dfecioh landpelerid fol @gaq@as@@@mddtraﬂ@aﬁadr%emﬁl uzma\tema the bow

through the face bore, and preventing a
dfdhe auges 9l hay e anHixsiagns Then fi%i?é‘ét%é’i* é’%&’ﬁ?a

gﬂtrol Ited ttachment rel ease. 7. The occl usi on auger
ig SPGPHG St ai m 5, wherei n: the bow is

condhie Q%IQH) Md the 3xBhddsalfltie Bowbaak forntliredpectsvelng tlp anchor
spring rate coefficient for deflection under |ar

(fToX)mdam arb entiow (AdQtdispeded ippRrasits i Facdyotherriaspage tqu@rt
gag . abutnment of the force applicator on the bow
e ‘é’nﬁlﬂ?’Z) increases the rigidity of the distal

\%&reﬁ ﬁeybdw id A g(li]e%l]{})r ayrhfABrdciRMbA fh fa820 butvedrd

di msn Ions and tapering of° the bow are selected to
dirextiode thereto controll ed predeterm ned curvature
shapes with a readily predictable node of accurately
defi ned defl ection curvatures, whereby controlled bow

gef | ecty 0 %C%Hglgﬂtaﬁé% a{cﬁoﬁ@l@ ﬁ)‘@ﬁlmq Wierégcl usi on

auger accor wher el
in the arcuate state:

the shaft (130) is configured for remaining in place while the wire (120) is
configured for retaining the bow flexed in asymmetric radial direction, and when
the wire is released:

the arc anchor is configured as a point of support wherefrom the bow face

(112) is configured for uncoiling distally, and the tool tip is configured for
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an auger control (500) is disposed proximally in
operative association with the auger tool, the auger
control including: a comon axial conduit (510)
configured to acconmpdate bi-directional translation

t heret hrough and bi-directional rotation of the wire,
trafdlatiirediefallg rwtalyefronh tige ars aneliorigvatel stepdiesgthl foy eznhcbne
proximally, a distal portion (503) of the
seawetied of esidtigjuedd t o acconmodat e bidirectiona

di spl i i i "
h 2 aS T APt BN bR bR e BpfighiRl b lididiFs
cOh$d18dd predetermined bW afudé Sitapkiofibeediag. i ncluding a wire

force I'imter (542) operatively coupled to the wire
and a shaft force limter (542) operatively coupled to

the shaft, both force limters,bei configured for
3adj ust LI WAIEER? 6‘%@?‘? ﬁ!‘?dmogqg’eﬁ?lgdgt erm ned
t h&ﬁ‘é%\fgeg tod1'R {‘:orﬁ‘fr%ufr&f fR Tk hgda BRRbII&AISMREBR Bun@ndape,

a ste Imter contigured for adjustable selection and
a8 é for providingroflirglribaombyepeditiag dhe bewepn:l engt h taken in
each one sequence of o eraticfn, and the.wire, the
shaft afetledionipgsymmesi¢ radial oW aHdidHgidh@ ur ed t o
be op Ve | e d, i | \ e
el g ohHfigh e BREQBGRC 3R o caRTRITEY HOM (e dow'd

deivERY the eed11tly intd@istati@gnslatiora shaft |ock configured for
rel easably l'ocking the shaft relative to the auger

control and for limting force applied on the shaft,
and a .ste r.configured.far di I nslating the
4shaf t ‘S‘%ﬁ‘&é‘t%?‘fﬁegéffo&‘é’ﬁ t? girlél%rﬂl \%hérgﬁxw re | ock

conthé g 98198 chb i @Re@ RInkollffking &/heh flewinge ani@vaibh ¢epdnding,
t he auger control and for limting force applied on

thdreugeir ten] imoohfigured foramgeiling snbstantiablyi axiplbotid ¢staby away
for operative handli.n nd control .of the wre. an S
Frofe Uz angon ot e e daar g PRieicss S deasrietiel i fytEhsion in
T ) ' ding to daimb5, wherein, in
at‘gemgg%ha e@é‘%cg?gﬁﬁ%%gﬁ ow back has an extrados

extending radially outward and away fromthe wire, and
the bow root is retained tgo_the shaft, and the face is

% wi Breserclusiomyuges apsasdidgito £1pim Lnvhsigite and is

retain ha..wir.e:. - far 4)\N4p :
o 3R A gL 0 S A i
(Q9GL and 6k MiteHHY(189) Sppomtiddtherdie b evire (120Phavihg bedoXimab

i's confi %ur ed for operative association with:

extremity (125) and a distal extremity portion (121),

the auger tool (100) has a flexible and resilient bow (110) configured as a

flexible and resilient beam cantilevered to the shaft and that is disposed in distal
coextensive longitudinal alignment with the distal end of the shaft, and the bow has
a bow back (117) which is configured as a flat spring disposed intermediate a bow
root (115) fixedly attached to and supported by the distal end of the shaft, and a face
(112, 112T, 1120V) bent relative to and extending distally away from the bow
back, the face having a face bore (113, 113F, 1130V), which is configured for

passage therethrough of the wire, and
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a) the force applicator, b) the face bore, for
controlled rel easable retention of the force
appl i cator, and c) at least one cutting edge (1120
di sposed on a perineter (112P) of the face and
extending radially outward and away fromthe face
boragforastupiplibatot (i@2al22RaX2MNR2ON ) rietagnaelcig ¢he distal extremity of
configured for radially cutting into ocgclusion tis, u%
thowrRels §6afigared FOmQRFER VEassRaatiy Wih @f‘aﬁ%ﬁ? 39revaﬁlér%lit the

' Levalk. plicator is achieved
Sgygﬁgg%%féﬁﬁéﬁe%quc%%¥§n%g§'e%?ﬂ@g to the bow face.

13. A reiikeihgithe bbWwhb eeaicuatg stuwe when tisi shaftdsigensl{tddaByally
for distally traversing an occlusion (320) in a vessel

r¢lateg tontheiferge wprléeatornéir the exaasios t Hlatsdhe viesselin agyametric
havi ng an uger tool wth a shaft and a wire, the
r?@?]h%'gwﬁléq ?a'llé g‘ﬁ&r acterized by the steps of:
provi dj nglchfLo L HenHRR moHeA) avd Fleade DTahé bow3a)theefpanded

wth a cantilevered flexible and resilient beam _
stz hftbrenedease of ohe Meres fiarf thedacatd trendlage dhefierce @ppligasen distally

b 10, . di ing.the b i al | i
PO 15 3 GRReh Dyt D ctmiedetiap (88§ fof each one
Sg{i\ge)?lggggogﬁgeégga Ahi ch supports a wire (120) for

ng t oW, providing the bow with a proxi mal end
(115) ¢ irxlesdeyofitht aiireeforhohd fageshaft, the bow i ncl udi ng
a flat bow back (117) forned as a flat spring and
having a distal end (112), and defl ecting the bow
110) ich,ft i r.ach a r .on relative
o the ?%C,lusgé%rg%%égggghglgttﬁ?I%ICI)HW% \gﬁérlggféat abl e

0P ahahreB applichidias peftshentls lattakited tb tid\didial betedrhing of the wire,
bow to an arcuate state extending radially outward
andt o one direction, and releasing the bow to an

oo apaligher trhe FssioRes BfmeBPP- A Enliled fol dfer one
AR defiflitihg Bas(s%@é of t%@%rc%{ﬁﬁf)ﬁ@até&r tBERio8 thé 8ic@ bore, and

operating the' to tip and e extrados of the bow

fravdatingipmksaie ofithe fesqeappilicetoy thraugh thedaeshleare by Arosimlly
an arc_anchor (AA) that are di sposed opposite to each
ngreled attagh gt rel ationship for deflecting the
bow in asymetric deflection in radial outward
direction. 14. The nethod according to Claim 13,

f.ur t heThe eogitsich aggdrhecordapstodflaim 5, whafeigur i ng

di mrensi ons and taper, of the single bow for controlling
pr etbetbomnis seafigared arith & distalyesraduably iy shing §pying e

caore%tj’il&'ér?t 3+ @fféction under larger force at the bow root and under smaller force
at the face,

abutment of the force applicator on the bow face (112) increases the rigidity of
the distal extremity portion (121) of the guide wire (120), and

dimensions and tapering of the bow are selected to provide thereto controlled
predetermined curvature shapes with a readily predictable mode of accurately
defined deflection curvatures,

whereby controlled bow deflection curvature is achieved.

8. The occlusion auger according to Claim 5, wherein:
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retaining the shaft (130) in place and operating the
wire (120) for retaining the bow flexed in asymretric
radial direction, and when releasing the wre:

using the arc anchor as a point of support wherefrom
the bow face (112) uncoils distally, and

tr apshgéd Ghtlod@500)ab disppsedi sroainallyainagpetatdm dsheciatian with the
anchor "by one step |ength for each one sequence of
aogarrtaeli the.augsr aimgrokindhedingc cor d| ng to Caim 13,

further conpris

t ool I%C%%P&)ﬁl Ocoggmtggi @ ﬁor}:ﬁlﬁured t(&apelnﬂgoaa{ig bRd8ELtional
tRh QXS BRréRtduicAGndsil@Rech¥nal rotation oF thél@fitee@hd Grheréfrom the

asynmetric rad| al outward direction, and b.

vxfem 1emst]rr]1em%ble d;slteélyauaqdmfdsmn&lkyat e, to rel ease energy

rom t h i D.i ' ,
tr anslaat%i‘%ﬁ(‘)}wp‘i%ro?héqyfé? . egétegﬁ?lﬂ I Rfll el ofo %ticiplmmodate bi-
Erlé{:t{l&ﬁﬂ d\ﬁ;a% *]‘1%1’1{]9‘1 frgﬁ‘slét Jﬁpénd)fn r(ﬁé’c'ldri BﬂtHehs%aﬁU g€d wherefrom

exl ng expanding, the auger tool
tﬁ@ﬁha@ﬂl@%thb{malsdts&tlaml ally axi al I y and distally away

e o L ke B BB e
of ., craw i h
(§3n€ 4 WP 2cRr RuremiRE SPADRRGA) SRk 30/e s, both

f@)fc%t Amitd 6didB) cehfifired shaf tadjustdble \Msetlébtmnpramdl mefting of a
134), an exterior (136), and an interior (137)

crttqmezmtmc(bt(hrmpbi lrmga Qﬁlfﬁ@e§ 100y andigdbersopreasi mal

extremt t .

provi of n% E;léml{ 2 1|§§{ ( fgré;a%nhﬂeapﬁ%;tglggl (ot %?"ttlng of a
ﬂrgéét%:ﬁfﬁﬂéd Ei‘gi’ﬁl (st%é%n R kel Y @é’c}?&leaseﬁh@d@ebif%pmdon and
resilient beamc nt| evered to the shaft that is

tHe spios ethei shafli sidtthe testforss limiteonbbingdeandiguedd nibergperative
wi th the distal qgof t he shaft, provi ding the bow
ipfenendenbipsbacombingiQRhi ch i s configured as a fl at

spring di sposed internediate a bow root (115) that is
fixedly attached to and supported by the distal end of

g.he sha@h¢ occlusion auger according to Claim 8, wherein the auger control

includes:

a shaft lock configured for releasably locking the shaft relative to the auger
control and for limiting force applied on the shaft, and a stepper configured for
distally translating the shaft in predetermined step length,

a wire lock configured for releasably locking the wire relative to the auger
control and for limiting force applied on the wire, and

the auger control being configured for operative handling and control of the

wire and of the shaft both independently and in combination.
10. The occlusion auger according to Claim 5, wherein, in the arcuate state:

the bow back has an extrados extending radially outward and away from the

wire, and
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providing the bowwith a face (112, 112T, 1120V) bent
relative to and extending distally away fromthe bow
back, the face having a face bore (113, 113F, 1130V),

whi ch is configured for passage therethrough of the

W re, providing a force applicator (122, 122B,

127204 bdw 2000)is rethiabd edthatshafeandithe fceax twistedt(y12F) tolpsesent a
wire, the force applicator being configured. for
piple pagle wad ssrebines foghe WikerPyt tli\é%%é@%&%&"%*ﬂ&‘%f foqtypd of the
shaft rating the force applicator for:
dgﬁeqt}og)aéfﬁgeﬁﬁ\g. bow to the arcuate state for

translating the shaft distally relative to the force
applicator, for the extrados to di]ate the vessel in
1asynmekhe ecclustinadugstiacegrdingite Edaimoly), viiggein: b

rel easi.ng ,the bow Lo t expand f .releasing
BB R e Qb o AR AR 0 o

translaztth@g)rwgpﬂ@g@,r,of the force applicator distally
away relative to the arc anchor by one predeterm ned

step |®rht fackdore dohcanmllsd geleasebleattentien af therforegragplicator,
c. releasing the wire fromthe face. 18. The net hod
ac @ddi ng to aim2117, further conprising the steps

of sct) %E Ieﬁm&%uﬁtgk?go%dgeﬁg 1 ?@Phl'sﬁ(gsﬁ:g lonRESFRAGBL (11 2PPof the face

di extrem WTe, configuring the

ah@leg endiiy radallglovanskdtand ahaydrdmitie face beie, Mdierebydhoht least
both, permtting passage of the force appljcator
onkreotiiig edge 13 eemdigsedior sadially WAL G 068@@‘&5&“8%1 he
force applicator through the face bore by proxinmally
controll ed attachnment release. 19. The net hod

1BCCOr ARG o Qubi@ bl ek GccdrdighterClaemp) whemin prlogimsilapisieval of
of : configuring the bowwth a distally gradually
the foroe spplimtarps aehjevest by wosasion ofithewiregespestye i thepow face.
under | arger force at the bow root and under snaller
force at the face, sel ecting the di nensions and

ife tapenligd /i @ﬁn{éﬁﬁhg &n Bé&wsii(ﬁﬁadgeﬁa@t)gﬁ o Aista0ly lt@dersing

predeterm ned curvature Shapes with a readily )
4 @dlusiont(B20)indeesk]l @O0 hating yesskd watle §3 a5 the oc¢lysion auger

curvatures, and . abuttjng.the force applicator on
hw&&ww&e@qlwﬂ)aﬁm%?ﬂ?g’é@bng the rigidity of the

sl ISP PP IbgEY, L1 o e Ve
achpgweiing the auger tool (100) with a shaft (130) and with a cantilevered
flexible and resilient beam cantilevered to the shaft as a flexible and resilient bow
(110), disposing the bow tangentially to and in longitudinally alignment with a
distal end (135) of the shaft (130) which supports a wire (120) for flexing the bow,
providing the bow with a proximal end (115) fixedly retained to the shaft, the bow
including a flat bow back (117) formed as a flat spring and having a distal end
(112), and

deflecting the bow (110) which forms a single radial protrusion relative to the
wire, and operating the bow in repeatable operation in a sequence including both
deflecting the bow to an arcuate state extending radially outward into one direction,
and releasing the bow to an expanded and straightened state, and vice versa, the

bow of the auger tool having an extrados when arcuate, and a tool tip (MT), and
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20. The nethod according to Caim17, further
conprising the step of: operating an auger control
(500) disposed proxinmally in operative association
with the auger tool, the auger control including:

a common axial conduit (510) configured to acconmodate
irbthe didugtetstadial transl ati on t herethrough and

bi -directional rotation of the wre, aqr%g er?fromthe
wi peraging ghe toel tip pad hesexiadgs ahide hoskh |V%}9h orm, 5
di stal .partio it I .gur :
rGoduisbhans SbrEEY) Bl GraPitt bkt #LuRRole opposie o
eddoth8r inQhadddoshef reldtRnshipifos deldting Giecow m dsyemétatt
Is retrievable distally, two force limters,
defledtiodiin gadaalwiufwearfl direetidni mi t er (542) operatively
coupled to the wire and a shaft force limter (542)
operatively coupled to the shaft, configured for

dj ust ' | i@l 13 "Wirthér Corhraied SleHeR o f:
1?hr esh@fyﬁftﬁrgnht%%?‘r&?lgﬁgg&?{ol?t,)’gggppI i e thgér eon,@gnd

a sbefighiing dietensons iagd tapdr bbtheastjgle baw fer serteadlingn and
setting of a predeterniped.di stgl step length taken in
p%ﬁ%%%@l%f?e&épe gt)g‘?‘}ﬂ”i‘%ﬁf’ and the wire, the
. f e two force limters being configured to
1%&%0%%1%2%3%23.i ndependently and in conbination. 21.The
netrbrthife G hiaftq130) i@lptdon add, opbratingehe winer(i 2@) fog rethieing the
steps of: operating a shaft |ock provided for
boe g@@dnnwsyr@mtrmradwé digetian, @8flat i ve to the auger
@%ntr | .and for limting force applied on the shaft,

4 61587581 MgV st epper provided for distally

tr aRsloahi e idi@of B@ié Laoinrﬂ oPEEsRteNRtrafdmsthe polvefags (1,12)

operating a wire |lo provi ded for rel easably | ocking

uln.beillw\a:iils‘all%yearat ive ltp t he au%er cont r ol OIand for .
t herassigine thsriop G distl e SatithEpsce ber RARH b g for
e&é&%ﬁgk@%ﬁé};&aﬁﬁgi&pd of the shaft both

I'ndepen I n combi nati on. 22. The met hod
according to Caim217, further conprising the steps

S AL R S

corfriThb i At REF i fordiieideReon cltu; SR pfTovidhlg rolline
héxiddsy. ar cuat e stat e:

a. deflection in asymmetric radial outward direction, and

b. extension to the expanded state, to release energy from the bow for

driving the tool tip into distal translation.

16. The method according to Claim 13, further comprising the steps of:
coiling the auger tool up when flexing, and
expanding, the auger tool for uncoiling substantially axially and distally away
from the arc anchor, whereby the tip anchor progresses in longitudinal distal

extension in a worm-like type of crawling motion.

17. The method according to Claim 13, further comprising the steps of:
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operating the bow back which is provided with an
extrados, for extending radially outward and away from
the wire. 23. The nethod according to Claim 22, further
conprising the steps of: operating the tw sted face

whi ch is configured for operative association wth:

a. proddingrthe displend @1 39),0f the shaft (130} Withfagwrexinm end {134), an
controlled releasable retention of the forc

ey CiaGirandananienor (15 supporagheroia wire (12 e 2
o hTertlnd POS T Ra At SRR HoaS e he face

boﬁﬁavi\dﬂ@tﬁéﬁug&&oé‘ﬁﬁl DERHith @fRexehlE hd gestittg® bos (110)

configured for radially cutting into occlusion tissue.
cenfigired net Hisetitde end tisHipnt beath ghmtilgdcred tr theehatt that is disposed

SO 3Bt oS! i PR B0 BT MEh o,

Wi TRoViBRREERE Y& Wih bR wWeWK (@8® which is configured as a flat spring
disposed intermediate a bow root (115) that is fixedly attached to and supported by
the distal end of the shaft,

providing the bow with a face (112, 112T, 1120V) bent relative to and
extending distally away from the bow back, the face having a face bore (113, 113F,
1130V), which is configured for passage therethrough of the wire,

providing a force applicator (122, 122B, 122M, 1220V) retained at the distal
extremity of the wire, the force applicator being configured for operative
association with the face bore and with the shaft, and
operating the force applicator for:

a. flexing the bow to the arcuate state for translating the shaft distally
relative to the force applicator, for the extrados to dilate the vessel in asymmetric
radial outward direction, and

b. releasing the bow to the expanded state for releasing the bending
moment after releasing the wire, for translating the face of the force applicator
distally away relative to the arc anchor by one predetermined step length for each
one sequence of operation, and

¢. releasing the wire from the face.

18. The method according to Claim 17, further comprising the steps of:
attaching the force applicator permanently to the distal extremity of the wire,
and
configuring the force applicator and the face bore for either one of both,
permitting passage of the force applicator through the face bore, and preventing
passage of the force applicator through the face bore by proximally controlled
attachment release.
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19. The method according to Claim 17, further comprising the steps of:

configuring the bow with a distally gradually diminishing spring rate
coefficient for deflection under larger force at the bow root and under smaller force
at the face,

selecting the dimensions and the tapering of the bow to provide thereto
controlled predetermined curvature shapes with a readily predictable mode of
accurately defined deflection curvatures, and

abutting the force applicator on the bow face (112) for increasing the rigidity of
the distal extremity portion (121) of the guide wire (120),

whereby controlled bow deflection curvature is achieved.

20. The method according to Claim 17, further comprising the step of:
operating an auger control (500) disposed proximally in operative association
with the auger tool, the auger control including:

a common axial conduit (510) configured to accommodate bi-directional
translation therethrough and bi-directional rotation of the wire, and wherefrom the
wire is retrievable distally and proximally,

a distal portion (503) of the conduit configured to accommodate bi-
directional displacement in translation and in rotation of the shaft, and wherefrom
the shaft is retrievable distally,

two force limiters, including a wire force limiter (542) operatively coupled to
the wire and a shaft force limiter (542) operatively coupled to the shaft, configured
for adjustable selection and setting of a predetermined threshold limit of forces to be
applied thereon, and

a step limiter configured for adjustable selection and setting of a predetermined
distal step length taken in each one sequence of operation, and
the wire, the shaft and the two force limiters being configured to be operative

independently and in combination.

21. The method according to Claim 20, further comprising the steps of:
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operating a shaft lock provided for releasably locking the shaft relative to the
auger control and for limiting force applied on the shaft, and operating a stepper
provided for distally translating the shaft in predetermined step length,

operating a wire lock provided for releasably locking the wire relative to the
auger control and for limiting force applied on the wire, and

operating the auger control which is configured for handling and control of the

wire and of the shaft both independently and in combination.

22, The method according to Claim 17, further comprising the steps of:
retaining the bow root to the shaft,
twisting the face (112T) to present a pitch angle, and
retaining the face to the wire by the face bore, for continuous control of the
deflection of the bow, and
in the arcuate state:
operating the bow back which is provided with an extrados, for extending

radially outward and away from the wire.

23. The method according to Claim 22, further comprising the steps of:
operating the twisted face which is configured for operative association with:

a. the force applicator,

b. the face bore, for controlled releasable retention of the force applicator,
and

c. at least one cutting edge (112C) is disposed on a perimeter (112P) of the
face and extending radially outward and away from the face bore,
whereby the at least one cutting edge is configured for radially cutting into

occlusion tissue.
24, The method according to Claim 21, further comprising the steps of:

operating proximal retrieval of the force applicator by rotation of the wire

respective to the bow face.
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