W RE DEVI CE W TH DETACHABLE END : BACKGROUND COF THE

| NVENTI ON The present invention relates to a ﬁZ@ﬂ;gﬂ? 5
" apparatus for threading wires into body cavities and ET ﬁérénd
sections of the wire using vibrational energy, for exanp in the
formof elastic waves. . A variety of nethods have é& devel oped
for occl udi ng and/ or stabilizing and sealing off 10 astul ature or
body passageways, tissue ORERE(DEVECE WITH DEBACHARLE VEND /A he use of
endovascul ar catheters i ncluding injectable particlyes, injectable
gl ue, and det achabl e coils and ot her devices. The use of

det achabl e coil s appears t o HECKGROUNMD OF JPHH IBVENTBONept ance for aneurysm
t her apy, perhaps because of t he, ease iﬁt?ﬁre0|5|on f control of the

delivery and The Reeierh LRVEREieg; Fe etBedi PEERSE:PRS on site.

One apprgach foppaehtysr 68 enﬁleéaiaghwmgesonh@o bod c&ku%'ie@c%dnldﬁl on site
I nvol ves forn1ng or_attaching 20 coil at the.distal end of a wire,

and t hen t hr ea@¢kaching en@h§e€B¥Pn§nSfmFP§ WHFSuﬁﬁlgchFPE?§ﬂ°@ﬁ@1I t he

coil is e%f@?seéoﬁtekgﬂ PEC| Eﬁ' PHeSkEbSm O @ha@tt&bcwwérsent
is then applied t rOX|na of the wire and conduct ed

through the wire toAtﬁérﬁ%FMtogfmSFhegﬁ Bavesbeenydeyedoped §°% he coi

where it Causeéc&bﬁdfﬁgl ana%r stabn%iﬂgl Sndb‘b"e%|l§%br Qpgsi s, to detach
fromthe wire Pat ent Nos 569, 245, 5, 624 449, 5,122, 136,

5, 540, 689, andvssgslxatzgse or body PaSSAQGHQYFhetﬁﬁGb‘Ieeﬁ@ fecdscianidd wi th
the 30 el eC§ éﬁfggz\is ieﬁheﬁéeugg bfaaaa%%@cha.atﬂﬂectammters

necessary to e ect ate detachnent h_changes W t i ncreasi ng
nurmber of deV|Eegluéingeiéﬂ?ctﬁhéelEéxtéples' lnjﬁghaﬁéqlngQAuﬁndrmec0|I

(i eesart CUBEashgble ppitp Ml cthenanylca o g e e
detachable coils appears to be galnlng widest
15 acceptance for aneurysm therapy, perhaps because of
the ease and precision of control of the delivery and
disposition of the coil at the desired occlusion site.
One approach for delivering and detaching coils
at an occlusion site involves forming or attaching the
20 coil at the distal end of a wire, and then threading
the coil and wire through a catheter until the coil is
disposed at the occlusion site. An electric current
is then applied to the proximal end of the wire and
conducted through the wire to the point of origin or
25 attachment of the coil where it causes the coil, for
example, by electrolysis, to detach from the wire.
See US Patent Nos. 5,569,245, 5,624,449, 5,122,136,
5,540,680, and 5,354,295. '
Among the problems associated with the
30 electrically detachable coil approach is the time
necessary to effectuate detachment (which changes with
increasing number of devices delivered), the lack of
reliability that the coil will detach, discomfort
with the use of a grounding needle (insertable in the
35 flesh of the patient) required for the proper

functioning of the device, generation of particulates



functioning of the device, generation of particul ates

2 fromthe detachnent site (electrolysis), and inability to
"select the size of the coil in vivo. SUMMARY COF THE
| NVENTI ON 5 It is an object of thg invention to provide an
apparatus and net hod of selectively detaching an end section of a
wire in a body mmaageava&ewcm@nt site Qéﬁébtréﬁysﬂﬁﬂnsand inability It Is
al so an object of th nventlon to PrOVIde 0 such an apparatus and

met hod in whi cHE® HEEGHEE sERe i dhze of the eRLlwiReVHE9:-be quickly and
reliably detached, I ndependent|ly of the nunber of devices delivered.
It is a further obJect of the invention to pr ovi de such an appar at us
and nethod in which little 15 SUMMARY,OF, THE JINVENTION { he patient.

It is stidgl another P@Jf&taﬂfoﬁféctn¥§”€h8n1ﬁ9entlon B6O k@%l%%C%
apparatus and nethod, in accordance one asp ec t hereo I n which
mul tiple secti cRRPI¥atus an@H@ebh@dsﬁﬁnﬁﬁ@egtlvﬁéYwﬂﬁﬁaﬁb}nGaén eand

sel ectively 20 e eLe | nkt is an
add|t|onalyobjeﬁﬁcﬁﬁgﬁﬁgflﬁvg%f?o%ﬁ 3 BBd& BE§Sa98wa¥ugK an apparatus and
met hod, in accorleglrical meapsh another aspect thereof in which it may
readi | be det e e n e |

wre hgs det ached. PEM8c8108 gﬂ oHigEF“BEhg%Q P%Q%ht%g nvéﬁtlon to
provi de Kich anS@@@aﬁglﬂBpén@tﬁ%thbd mﬁthpdcmnlwhubh the endpsegsdriain on ofd
the wire and e [ r (o] ent use an
dotachmone of t esgﬁé ggréﬁmégqﬂé ﬁglaﬂly and r@h&?ﬁi& ae%ggﬁgﬁyobject of
the invention tingependently of thehnumbappafadaylaad dellivereali ng vari ous

types of It is a further object of the invention to

provide such an apparatus and method in which little
15 discomfort results to the patient.

It is still another object of the invention to
provide such an apparatus and method, in accordance
with one aspect thereof, in which multiple sections of
the end segment of the wire may each be selectively

20 detached at different times.

It is an additional object of the invention to
provide auch an apparatus and method, in accordance
with another aspect thereof, in which it may readily
be determined by the user when the end section of the

25 wire has detached.

It is a further object of the invention to
provide such an apparatus and method in which little
preparation of the wire and end section is required to
allow for subsequent use and detachment of the end

30 segment.

It is aiso an object of the invention to provide
such an apparatus and method having various types of
lightweight end sections.

The above and other objects of the invention are

35 realized in a specific illustrative embodiment of a



| i ght wei ght end sections. The above and ot her objects of the

I nvention are 35 realized in a specific illustrative enbodi nent of a
"3 Wi re apparatus with detachabl e distal end which i ncl udes an
el ongate wire (either solid or hollow) 3 havi ng a distal end section
and a discontinuity | ocated rearwardly of the distal end section for

5 rupt uring,saen, eﬂﬁé)fé"éﬁé”l?:(lﬁﬁn&élﬁé{ghébﬁephigga&héh@ @hich  and a

vi brational energ er at or app_ylnz . I brational _energy to the
wire to travelingludes anjjetoprgahel virandeébhss aetadhmenhoddomie distal
end SeCtﬁegsFi d Mo UsEstdl1Ce " Se ¥R b?n&“&?é@@éoh'ﬂ&%&*& 10
vascul ature or od} passageway to a targef Tocation, . and t hen _
vi brational enkecptesurelbeangpyiefl thetdéstal endi sectdopafox t he distal
end sectd on t t : t I oR, R 3 I occl ude
t he S pas§5 Wgﬁbnq5Wﬁgﬁ Vlbraf%agggo?hgggg %Ftﬁbg%égéggggiﬁﬁ ‘t he

i nventi on, and 4 heibratbonahuengrgyugenenatotefarcapplying wire, a
hol e, a reduceg..di S 1.OD, . an r I pgr in mass, an
adhesi ve, sol d‘g‘r%&gﬁ&@%%tgﬁé*‘ggdt?ofzﬁe Heke B, ERaNeL It the distal end
section to thediscentonuat@Oand beaseodethehmealt! pft that dd stedt ieod

I n accordance w th. anot her aspect, of the Lnyention, .t | St end
section could ?%%Fhﬁ%‘a I usg'p#ﬂ?aﬁﬂf? gPu&Fsggn¥$ﬁEF@¥§%fﬂ§§% a%%pted
to ruptl@e vascalaturdef berbodyvpbssagewaly lteval targetedoeadbiort,o 25
detach that portiop of t distal yend section tch_is,. L,stal to the
di scontinuity %%?nﬁh?ﬂng$£6£?°na1 energy Vﬁu&?ngdSRB&Hﬁqw$%n q? anot her
aspect of the wire toi csaséi the dhstailbeati seealt ienctgy dgpdaerhatalry the
constitutes an uItr@s?undtgener tor. 30 BRI EF DESCRI PTI ON

OF THEIJWWMB&EFrge ocation, for example, to occlude the
passageway. '
15 In accordance with one aspect of the invention,

the discontinuity could include a cut in the wire, a

hole, a reduced diameter section, an abrupt increase

in mass, an adhesive, soldered or spot-welded joint

which joins the distal end section to the wire, or a
20 heat or chemically treated section.

In accordance with another éspect of the
invention, the distal end section could include a
plurality of discontinuities, each adapted to rupture
at a different vibrational level or frequency, to

25 detach that portion of the distal end section which is
distal to the discontinuity being ruptured.

In accordance with still another aspect of the
invention, the vibrational energy generator
constitutes an ultrasound generator.

30
BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and

advantages of the invention will become apparent from

a consideration of the following detailed description



The above and ot her objects, features and advant ages of the

invention wll becone apparent from " a consideration of the follow ng
‘detail ed description 4 _
presented in connection wth the accorrpanyl ng draw ngs _ in which:
FIG 1 shows a side, fragnented, cross sect I onal vi ew show:: ng a wre
made in accord esent inpvention,

di sposed in a %%%eW%% hq} Cémec H%/}gztslg% é@&\%ﬁé%w%%% %’F%‘%%ﬂﬁ? end
of the wire isisombish:ito an uItrasound gener at or and the distal end

of the wire is for nt,o mass, di sposed in an, aneurysm
10 FIGS. 2- dsh&w5§°§f’as gefrsngdr%ntfe%F%‘ee‘%‘v's dy "eross =St anall

enbodi ment s f oviewoshtivigiadias sdnte mede eisn taccordanceal wibwh dehachnment of end
coi | SeCtSI ons H]Iq_rlch.%ll er&éf th prevge lr{%lflrgl.{lot?,ccgr da&%%m%}lh the

principles of resent Hvent i% a side,
fragnent ed V|ewaﬁhe§ai(xmla blood vaaselnmnrwhd¢h)Eh¢ﬂpw@&ima10énd .
discontinuitie i n_ accordance with

at or
t he prlnC|%{es &F%rmepre e qﬁ%éﬂf trasound genergiex a%Sand 9
show si de, frag:mmmlemd)foﬂﬂ:he wierd i nfoitised gintie a\ntgﬁgnéﬁet er
conbi nati ons tiQn betmeen the guide wire and catheter is
m nim zed; angqg'% dlsPosquﬁé 3 Y phIC view of a wire illustrating
nodal pd40nt s respondlIGS.t - fshenergida briatagmeatetd viewsd refjuenci es for

. . i+ .. DETA LED DESCRI PTI ON
Ref or ence i | | Ohah BETIG ARbOSIIRRtS £§T Eqriding disgeRtiwitSs oo

el enents of theliceseetachment wf 3hd coil |sdet Porventromedal idesiygnati ons

and in which tWires, all in accordance with the principles of the
present invention; .

15 FIG. 7 is a side, fragmented view of end coil
sections'having a plurality of discontinuities for
tuned resonator detachment, 1n accordance w1th the
principles of the present invention;

* FIGS. 8 and 9 show side, fragmented views of

20 embodiments guide wire/catheter combinations where
friction between the guide wire and catheter is
minimized; and

FIG. 10 is a graphic view of a wire illustrating
nodal points responsive to differenf vibrational

25 frequencies for detachment of end sections.

DETATLED DESCRIPTION

Reference will now be made to the drawings in

which the various elements of the present invention
30 will be given numeral designations and in which the
invention will be discussed so as to enable one
skilled in the art to make and use the invention.
Referring to FIG. 1, there is shown a side, cross-
sectional view of a blood vessel 4 in which an

35 aneurysm 8 is shown formed in one side of the vessel.



i nvention will be discussed so as to enabl e one skilled in the art

to make and use the invention. Referring to FIG 1, there is shown a
" side, cross- sectional view of a blood vessel 4 in which an 35

aneurysm 8 is shown fornmed in one side of5the vessel. .

5 A fragnented view of a catheter 12 is shown threaded in

the vessel 4, with A feagineatedndiéRaof a cagbeiteiroded isdjshoant the
aneurysm 8. - ThipadedehNiguple vesselNd, CALRR! f ¢baniifia Wi 136 ("wire” may
nean any l[ong p i d-of hdl'lo

be taken to 5 rismatic el'enment,” so W) ,
whi ch ext ends pasitibpedhadggbenhetbet heeerysth 8nd Ghtreaded tthmouddr mi nal

end 12a 1nto tBGAREURUBLE160G ot Beys o 16 NWMANES LAY B ) dihn

substantial ly e aneurysm Wi Th Ccoi I'ederd “secti on fgﬁ (the
end sectbon 16me&fi anycdohd peisamagliedelememt] iswoflddspecibialdadigpes, etc.

as wel | as.being,coiled). of the wi.re 16, .VWat wll b called a
di scontinuity YﬁlFE F%Fﬁ&&sbs%ﬁééﬁayhéﬂkﬁﬁgﬁ the &&ﬁﬁ%&ﬁrigf(ﬁHQrﬂy ire
and the rest otheheewmifalbend 12a IThtoditheornecutyisyn B0 (vry tileke a variety
of shapes and 15 structure ut all are .desi tqQ,rupture, break or
separ at e when 9PBF§PF8n§ eEﬁQ%&y Ps S F@Q&lﬁgiﬁﬁgg 1'%he\ﬂQQ?%¥§mThe
vi brational en@igy a0cbd@ednenke selcGioh 16a (thaeedi myytiion aneall trasound
hanmer ., 10¢ 6. 26018 Py tafgLedyg SORBA daths SIS SartRa e G0
amer , C. : r g a y
mechani Calh enewg)llt asgg@aagaﬁaiugdt)h@fditﬁxeohmiﬂnwiltaf. What I&Oul be o
In use, the cat er i.,s threaded throy vascul gt ure or body
passageway to gaiﬁﬁg & discoRtipul Eoeﬁ%jﬁéﬁﬂﬁqnpgﬁﬁfqﬂ the §8de is to
be di sposed, sgektidn 16a oft iherRAHey HRB the Mest bf TR RMRPSEE Of such
di sposal, for exampl.e, is to,%rovide an oiglusion,in he passageway
I

. t
to allow for coRGuPHSCORtINUAY 4G ray take & sArdety, h¢thaReiyanf as in
the FI G151 sche#@uckures, but all are designed to rupture, break or

separate when vibrational energy is applied to the
wire 16. The vibrational energy source in the FIG. 1
embodiment is an ultrasound generator 24, but could be
something as simple as a striker, mallet, hammer, etc.
20 for striking the wire 16 to cause a vibration or
mechanical energy to propagate to the discontinuity
20.
In use, the catheter 20 is threaded through a
vasculature or body passageway to a site at which'the
25 end section 1l6a of the wire is to be disposed, such as
the aneurysm 8 in FIG. 1. The purpose of such
disposal, for example, is to provide an occlusion in
the passageway to allow for coagulation of blood to
prevent further flow, or, as in the FIG. 1 schematic,
30 to cause scarring in the aneurysm 8 to thereby fill
the aneurysm with scar tissue to prevent the bursting
thereof, etc. The end section 1l6a is shown as being
coiled or tangled but when threaded through the
catheter 12 it would be straightened but then when
35 pushed out the terminal end 12a of the catheter, the



30 to cause scarring in the aneurysm8 to thereby fill _the
aneurysmwi th scar tissue to prevent the bursting t hereof, "etc. The
" end section 16a is shown as being coil ed or tangled but when

t hreaded t hrough the catheter 12 i6 would be straightened but then
when 35 pushed out the terminal end 12a of the catheter, the

6 end semdi@@cmbuhdwoakdnresbmenUhaahbymamlyedoaded or tangled

d h h | b f
Che end Sect i onBheRasonachigh: feashaRf seananchBBaly by, badwi o " he

ul trasound gengaahth) 24 woul d be connected to the prOX|naI end of the

wre 16 and an Itr ound .si ppl.ied_t hereto. cy and
anplitude of the S|%ﬁg gﬁgeﬁvgd %ﬁgéogpgéFrgﬁF Been gﬁnhould be
sel ectedst o prddﬂtfeﬂlghrgétes$téo thelnlthasduadogbmmmanpﬁﬂz4fwuuxnung
the wire so t ture r herw se se ate at the
dlscontlnU|tyh€?e39PﬂacFﬁg éﬁ %gscPF ﬁng dtﬁ% %Be Wﬁﬁ%ﬂgi Brhe
separation is artnapbuﬁhedlgaaldhpplled theebtablyWMajﬁmddunncyxandto t he
subj ect. 15 1 % %E ngpted éé cross-sectional

view of a wire?®%5B ﬁﬁﬂge P ?aﬁﬁpga (of- Tah gn 2 SPEGLRM onnected to
a tu:aul ar end a&alyaér3480’radeulli10b§ sfelecwe@mﬂoe,pnmfdlme:kﬁlgtfj igtafésshn al | oy
or platjpum termnal .en t wir.e 3Q.is t.apere as_ shown,

ond 20 18U < FRsthecdtPRPBEARHIERG A0 TR D Re A P e T
end section 34praaus} heﬁptaeésr edrbthr@dJs%SIs‘e@arates atsalmter or wel d 35.
A coil 36 nade for staln €ss Steehé§s sSol dered, wel ded

or otherw se c°“§??§2k¥d 38ayﬁggt§hﬁ ﬁﬁ SFFIPR HPHidh to enhance
25 the bondaheuwgem Bhe wWwhee sepdriatdoend sse@donplished rapidly, The end

section 34 |ncludes pluralit cut,s 37 nmade to extend generally
transversely i Rethab ﬁdand W1t¥§8@tP€&naﬁ@ PSS 8F shape the end
sectioniknto a FIG. 2 shows a fragmented, side, cross-sectional

view of a wire 30 made, for example, of stainless
steel, connected to a tubular end section 34 made, for
example, of nickel titanium alloy or platinum. The
terminal end of the wi;e 30 is tapered, as shown, and
20 is inserted into a hollow 34a in the proximal end of
the end section 34, and there secured by an adhesive,
solder or weld 35. A coil 36 made, for example, of
stainless steel is soldered, welded or otherwise
attached to the terminal -end of the wire 30 to enhance
25 the bond between the wire and the end section 34.
The end section 34 includes a plurality of cuts
37 made to extend generally transversely in the end
section and provided to shape the end section into a
coiled or tangled configuration, and to allow for more
30 surface area exposure of the end section to blood for
inducing clotting. See co-pending US patent
application no. 08/568,493, filed December 7, 1995,
for a further discussion of the employment of cuts iﬁ
wire to allow flexibility and control shape while

35 maintaining torquability. Two or more cuts 38



coiled or tangled configuration, and to allow for nore 30 surface area
exposure of the end section to blood for I nducing clotting. See

* co- pendi ng US pat ent application no. 08/568, 493, filed Decenber 7,
1995, for a further discussion of tthe enploynment of cuts in

wire to allowflexibility and control shape while 35 mai nt ai ni ng
torquability. (}WQaQédﬂBDed@gréé§3with respect to one another) are

7 (rota 90 d rees with ct t one anat.her) are shown
spaced rearwar &&’fwf‘rc? g regrgan C{} plural lltX/ %taa‘i’%tf%m%%
greater than thy spagistanke! Weeatdre than the:lﬁl:ﬁac'ﬂlg detwsen prlowi ded to
serve as the 5 d| continuity for (%Jﬁpciurl&ge%fgtlsqu when a

vi brational si G¥& rafRd -&r s 1AV € cuts 38, of course,
coul d be sf or rredu%tcotdtqrﬁﬁrf@{ tﬂd”ie rupturilf Qtdeiguwslt svtdeh &€ bei ng formed
but, for exanple be nmde deeper (th| nner, be , wider, or 10

adj acent a masy @%%&%%a@hé—%rﬂi’@e‘tﬁq dip Fhe grire 30. 5 Eh@i nation,

to sever or ruphis et rL%urse, OWIRAIBONE rtd PNt - tige guthé e€lihe the
wi re 30. FI G shows a fragnented, side, cross-sectjonal

vi ew of anot hertf@wﬁlfd}%rﬂuta‘; W T 83§ t%’éi%c%ﬁﬁ‘ﬁ‘%ﬂ?‘&rtrlf-or ¢¥2WRL®r dance

with the preseRjouiy ey 'n(HHe d&dfar Ythinner Vﬁé&n)‘lo weder, fer exanple, of
st ai nl ess steel i's fitted into the holl ow 44a of an end section 44

made, 10 @diaganh & nshHitkdispesed v diheyendheegiienspd, or
woul d be hel d i d&ﬁﬁ%ﬂ&;he wléc%ﬂoyo@ ﬁ&bt’é@f@%ﬁ@n th&dhesi ve, such as

epoxy or cyanoacrylate.” A p urality cuts 48 are made in the end

section 44 to prdmatdonal signpl cod |apRlied ’é@nﬁh‘gu‘t’-}-ﬁg 3%e end section as
desired for ultimat g Sp.?%ﬁdv%‘d%tf?a%ﬁéﬂ@éds'éfdé” ? oss-secP@4al

passageway. A cut or dianeter ctl 49 15 25 ornmed in the wre
40 to provi de tHew et ranpther embpdiwent rmlwyremb%hldha@@nmmm‘g‘m al so

be addeq g 1&“&%&0f&5h8¥rﬁifﬁ)Eﬂbfb¥é£@ﬁteﬁﬁggﬁ£féﬁ thBere, a

wire 40 made, for example, of stainless steel, is
fitted into the hollow 44a of an end section 44 made,
for example, of nickel-titanium alloy. The wire 40
would be held in place in the hollow by a ‘suitable

20 adhesive, such as epoxy or cyanoacrylate. ' A plurality
of cuts 48 are made in the end section 44 to provide
for coiling and configuring the end section as
desired for ultimate disposition at a target site in a
body passageway. A cut or diameter reduction 49 is

25 also formed in the wire 40 to provide the desired
discontinuity. A coil mass 47 might also be added
about the wire 40 to further exaggerate the
discontinuity. The cut 49 might advantageously be
about 1/2 of the way through the wire 40 in the

30 transverse direction to serve to rupture or separate
when an ultrasound signal is applied to the wire.

FIG. 4A shows another embodiment of a

discontinuity between a wire 50 and an end section 54,
again including cuts 58. The terminal end of the wire

35 50 is attached by a section of adhesive 59 to the



di scontinuity. The cut 49 m ght advant ageously be about 1/2 of the

way through the wire 40 in the 30 transverse direction to serve to
‘rupture or separate when an ultrasound signal is applied to the
W re. FI G 4A shows anot her e;g)odi ment of a

di scontinuity between a wire 50 and an end section 54, again

e uding out s S8 (Hia @i el ROchel SBEIASAS Tn@0alifeBthaCRET bY 2

section of ad
proxi mal end ofis leeleutebdid dre Sxomdwhatadbebtvke 59for exampleel ected to be

somewhat brittl f > S n,an
ul trasound signa dllds?‘{ sef(f{@ala%em i T E%éé)d"éﬁgmﬂlr%ljl S‘Sf{)?%sgglaﬁeg#gﬁh&l\ﬁ |1
fracture 5 tappﬂieﬂwtdmth&mkirst5@n EHe t adsepavat 89f whibilt fractuee

50. he 59 of the wire 50 coul d be
a heat - t reat ed méﬁ;ﬂ%l; récg“rbr??s rllna%% Eo Sepagﬁ*ém?i gﬁo?‘otﬁﬁkgltrﬁe wire
brittle at1ﬂuﬂ500cat|on or a chenlcally treated section, for
exanpl e etched, to re mea cat i an.

FIG 4B shows the ch%&&??ﬁgﬁhY?i&tw T =C lﬂ%a%9 o ngl ifiePfas FIG 4C
shows t he d|scomduldubqr&ﬁheatﬁmmeated (et Duddng oHAi egbirhetdement)

si de- by-si de to &L end 15 I on, 56. coi | 7.pro |des

addi ti onal Qnﬁ?rmﬂ¥? 4 wa%c%§£¥5fes$gaéaﬁgd%ﬁ afRdQhe P

Wi re 55 ¥king a tchmmecaslubpetmedmt@dt@eéﬁio@pefaﬁdexamplebéeaheag tbn fact,
heati ng al one di scontinuity". 20

FIG 5 shows aﬁ“%]fﬁ)em‘?mﬂr%lvﬁ??lé‘?rt%ttm?a%‘?ca tion. G "3 except that the
di scontinuity does rglGLoflprsisews the disesvhtinuetyheoriba wera fo1er end

section 64. ther discontinujty i.s formed at the joint or
connection bet e HRE $e%€‘g Jﬁ(g oW §e'él?¥oﬂl%2°§§1nu1'vme?§| g BROtire is

inserted in thevdid |58V fdlnig ttlee wire 5®nsigechbyosiasdtbehdl endpl ace by a
bl ood sqhyble section 56. A coil mass 57 provides additional
discontinuity. The process of spot welding heats the .
wire 55 making it more susceptible to fatigue and
breaking. 1In fact, heating alone may be used to
create a "discontinuity".
20 FIG. 5 shows an embodiment similar to that of
FIG. 3 except that the discontinuity does not comprise
a cut in either the wire 60 or end section 64.
Rather, the discontinuity is formed at the joint or
connection between the wire 60'and énd section. 64
25 wherein the wire is inserted in the hollow 64a of the
end section and held in place by a blood soluble
adhesive 68, such as sodium silicate. When the end
section 64 is guided through a blood vessel by the
wire 60 (i.e., through a catheter inserted in a blood
30 vessel), blood enters the hollow 64a of the end
section 64 which, along with blood contacting the
adhesive 68 at the proximal end of the end section,

operates to dissolve the adhesive and allow separation

of the end section from the wire.



adhesi ve 68, such as sodiumsilicate. Wen the end section 64 is

gui ded through a bl ood vessel by the wre 60 (i.e., through a
‘catheter inserted in a blood 30 vessel ), blood enters the holl ow 64a of
t he end section 64 which, along with blood contacting the

adhesive 68 at the proximal end of the end section, operates to

di ssol ve the adhesi e, ol &) G PR B0k sonar sGfndlesGBE BECHON from
of a vibrationalltatgswind usigresl aro the witéréSoandebépadést thehe wire 60
accel erates the di ssol u and ultinmate separatjon of .the nd

sect i on ST i S fHRLE ) SePRrepIeRob tBP Bhe' BRation

section at the ¢éarfydmstlie.wite €0 festallon dﬁasbdﬁiﬁﬂan of th&mgnbe

enpl oyed to cause se aratian--providin reate security and safety

in ensurihg sepd at'che Eﬁrgeqh%gﬁg(i % eﬁﬁgﬂ?ﬁeanPn@F%H€§l§m® re 70
at the d usayal b@ rﬁn@.’foy&ﬂ cto | Gatls & p@épdrat bheavypaessdRhglg@reatert eri al
74, preferably wound, about the di stal end For exanple the mass 74

m ght incl ude WSiH TGSy find safety, ip;epgpring separat#ﬂ@ *abrupt transition

fromthe wire 70 to The FIG. sr@wddméﬁtmﬂamz&ﬁsea ﬁBQéSOOnh:tn'&hby at
| ocation 78 15 _, just d the npss . so that en vi brational energy
of a certain fr%hﬁgﬁi §d° P e s d1sppPeddat BepKE mass ofyire, the

wire i s paused matdreak 7w, t@ﬁeﬂéﬁa:lsnylwuha about tRe 8ikes3 Bagnt 78,

rel easing the mass 74 at_a tar a .body passageway. The
wire 70 might &% ¢kAmRle t%%d%a%$ bfé?%ﬂﬂﬁ]1§FéPﬂPe¥é“§?E§§ 8L nicke
titani um pBat Diyum. FIG 7 shows an enbodi mrent of a

det achabl e mnre 80 having a plurality of Iongltudlnally spaced- apart

cuts 84 in sections 58S aMFERE Re1bEenErempthg: Wirs 70 §ps&bStinuities.
The di sconti nuiké£ey Glasé BLCHIOMiE8Es a disc8hLihQiEpdalr 1obHRedn Wgth a

predeterf%ned Qﬁggg behind the mass so that when vibrational energy
of a certain frequency and amplitude is applied to the
wire, the wire is caused to break at the discontinuity
or stress point 78, releasing the mass 74 at a target
site in a body passageway. The wire 70 might also be
20 made of platinum, stainless steel or nickel titanium
alloy.
FIG. 7 shows an embodiment of a detachable wire
80 having a plurality of longitudinally spaced-apart
cuts-84 in sections 86 and 88, which act as separate
25 discontinuities. The discontinuities 84 of section 86
are formed or "tunéd" with a predetermined depth,
width, and/or spacing to rupture in response to
different amplitudes and frequencies of vibrational
energy than the discontinuities of Section 88. 1In
30 this manner, the user can selectively apply
vibrational energy to the wire 80 to cause a selected
section of the discontinuities 84 to rupture. Such
rupturing can take place successively to deposit
lengths of wire at different locations in a body

35 passageway or to deposit all of the lengths (to serve



wi dt h, and/or spacing to rupture in response to di fferent anplitudes

and frequenci es of vibrational energy than the discontinuities of
"Section 88. In 30 this manner, the user can selectively apply

vi brational energy to the wire 80 to causg,a sel ected section of the
di scontinuities 84 to rupture. Such rupturing can take pl ace )
successively tao deposi,t. |.engt of . W re atnydiff wocations in a
body 35 passafgéz\?\lgﬂ?l&) ta&: &ﬁ&g@%ﬁo anfﬁ'ﬁ‘[#]e. I e%lg% hste‘{rfi(;ﬁ%erég the

10 as erticidontdnud tdiewy |84 licx & | fumctien "efiniheg” of the
discontinuities,84 ig a.fynction qf the characteristics of the cuts,
but also the s&GHERC erlsl{:lic%dﬁwghbeet%teﬁf i d"fag% nﬁ%ﬁ??@%’.‘éwch timng

5 coul d be usaryths biepassn "thyy addscomtbinsitofepar t$utlestiming such as
for AVM t?erapy. The guts 84 creat nts,to,isolate

o e spri.ng ele

the nt oG EE HREH SR CIIRRS T (FeSat e ¢h pagEicles” ]
mass. \Wien a visudl iggafore g \chewspys the 10 resonant frequency of the
spring/ mass system i lied to the,wire 80, the wire is_exgjted
Tongi tudi nal 1y and (I <3S A TreMeR S BEIIBALEPRALS t0' LaplatFpFape

| ongi tudi nal Iy Bitdingdungd iinsier WWeetions of fefié guEde t 8€@ wRithHghakements

(location of cuts) 15 causing, themto break. The wire 80 could
advant ageous| y ddWaftie JheR A nfH%akierrl gnergxeyave at theani um all oy.

FIGS. 8 mpd 9 Mrﬁér@,ffé@ﬁénéy%fm,spring_/mié@ggy@teﬂ ysews of a type
of wave guide construction 20 |, for transmtti ng vi brati onal energy al ong
awre ARRBiRdP e wixectQr bhe VeSS RBXetEedg to FIG '

8, there is shoyghgithdEn2PLyi S@selle | 86tEEoRE 8f mass bétwBehether sleeve
94 but held out of touch fromthe sl eeve b supforts, for exanpl e,

in the form of $4§§svibrate lapgitidinally|ahghiohi aPLitude WRichBrm y

along the fatigues the spring elements (location of cuts)

15 causing them to break. The wire 80 could
advantagéously be made of stainless steel or nickel
titanium alloy.

FIGS. 8 and 9 show side, cross-sectional,
fragmented views of a type of wave guide construction

20 for transmitting vibrational energy along a wire
surrounded by a catheter or sleeve. Referring to FIG.
8, there is shown a wire 90 disposed inside of a
catheter or sleeve 94 but held out of touch from the
sleeve by supports, for example, in the form of balls,

25 spaced apart longitudinally and uniformly along the
length of the wire and sleeve. The supports 98 are
positioned at the velocity nodal points of the
vibrational energy waves which are transmitted along
the wire/sleeve combination to cause detachment-of an

30 end section (not shown). The velocity nodal points,
of course, are those locations in a mechanical wave
where there is little or no movement or velocity of
the wave-carrying structure, whereas the locations
midway between the supports 98 are the so-called

35 antinodes where there is maximum movement of the wave-



| ength of the wire and sl eeve. The supports 98 are - positioned at the
vel ocity nodal points of the vi brational energy waves which are
‘“transmitted al ong the wire/sleeve conbination to cause detachnent of
an 30 end section (not shown). The velocity nodal points, of
course, are those locations in a mechani cal wave where there is
little or no novenent or velocity of _the wave-carrying structure,
whereas the | ocB¥%NiNG struckyxgay Bwtmeevidieg stipposuBpoBtar 88y hghe
so-cal led 35 i PITAT=TE b S ' t wave-
carrying structm% éé%igér%w di %’%ﬁé%%p%%ﬁ(%w Efit?%ggﬁi) pgégméﬁg and sl eeve
are held apart Enictiorhepwesmrthe two a3ithé onibratbenalhenengyas t he

vi brational en V, i onbi i on.
Thuse 51 e ey VS ol SRS S EOUe L B, £G5B oS "D rhEY,

sl eeve arfil so detiticheeenendythe bost setongntheulengbheof the wize winde.

about whi ch 15 Teoreend % EqueAORE Bls gn XREXoR whull fakl

about which is dispose eeve e I'Sposed a
hydrophillic lesscimwéng or |ubricant 108 to allow the wire and sl eeve

to nmove relative to o} he 4 1 hou LgnLf] Letign and thus
wi t hout | oss of vibrg |bﬁ%l££n%r%%&g' brsd gééggﬁéfliofgﬁ%%gﬁgeéraphic

representation view ofra wbre 10Q00abawt mghiickcbat dhspbsed alélee¥@ and 122
spaced 19 | pggi %ﬁ'&' t@é{&é_(ﬁxg' Oﬂﬂi{:ﬁeiw &E%P%SB L el ¥ ophiiig

superinposed over the wire are ree Vvi Ional enngy waves
114a, 118a, andcd2@ing|oroldericantal@® to allowhthei wirél@ntosiepaeat e at

one of the sel ' L nuj L [ .qpal. . ve is
appl i ed 6 gl oL fLERETLL "WhL' Bgufie) PLPRGRENRISRIFEEAIRY
at the desired firbcobonnamd ythus vivbthoubnhbsenefgyibrationadyvenexgyes

mechani cal resonancegf@ ti§ Q095 4dPRhnic representation of a wire

15 110 having discontinuities 114, 118 and 122 spaced
longitudinally along the wire. Graphically
superimposed over the wire 110 are three vibrational
energy waves ll4a, 118a, and 122a. In order to cause
the wire 110 to separate at one of the selected

20 discontinuities, a vibrational energy wave is applied
to the wire so that the nodal point of the wave falls
at the desired discontinuity. A vibrational energy
wave causes mechanical resonance in the longitudinal
direction where nodal points fall at locations which

25 are spaced every one half of the wavelength. As
briefly mentioned earlier, at the nodal points along
the wire, the velocity or movement of the wire is
minimal but the stress is maximal and so by applying a
vibrational energy wave such as wave 11l4a to the wire

30 110, since a nodal point of wave l1ll4a occurs at
discontinuity 114, the wire would be caused to
separate at that location where the gfeatest stress is
occurring and the wire is weakest. Similarly, if it
were desired that the separation occur at

- 35 discontinuity 118, then vibrational energy wave 1l8a



di rection where nodal points fall at |ocations which 25 are spaced every

one half of the wavelength. As briefly nmentioned earlier, at the
"nodal points al ong the wire, the velocity or novenent of the wire is
m ni mal but the stress is nmaximal and so 9% applying a vi br ati onal
energy wave such as wave 114a to the wire~30 110, since a nodal point

of wave 114a occur iscontinuity 114 e woul d_be caused
to separ a?‘éls %? h%Rp]rJO%(gttf%n e‘?”er heeﬁ?éatg?; é?r%ggnﬁg _
occurring and tdesowileds apmkestiaise méehayical ehergy waveer eadeber ed
that the separat.i occur at_ 35 discontinuity, 118, then vjbrational
energy wave 118P QP & to wires to cause separaylon at se cke | woul d be
applied to trmadﬂsepntimu1ﬁ19$rﬁﬂmm@neme wire. descThbedaraaasoprlate
mechani c ener yes can ed to W.res t caus epar ati on

o el ehtb i fudg

At sol eot EnEs ifSenibed A0Y cCan d' 188q Lo cBrRTe

enbodi nent s degn:lcbdmlzdfbdm;/ecr:@mtd‘B&SMEdtiﬁs@@Cinld&neurysmbl,Oﬁld él ow, create

scar tissue in aneurysns n odi nent s
coul d al so be uS¥F™" manﬁ?fVcﬁﬂgcﬂh%n?£?§%%m Q%nﬁogg%t?gﬁod §i B&88%uch as
a ‘tubal btocketach aa@pdvyp@ssﬂgemyseéeioﬁxmieea 4Qch akakl opi an
tube, to bl ock £€§S§: egg getach gnents copt ai ni ng drugs
for delivery to q&b ¢ 10 % bac yeP%SS%ﬂ%YaYs Phe®EABBAPNENt s are not
linited 10 sfd Elgypian Usebé n N@SBDbﬁkUIS&s@a@éaéﬁV\éygs, or detach It would
be desirable to _know j medi a end section of a wire has

been detached f%ofI¢HE® contaﬁwiég r?ﬂ%tf?ﬁ gﬁ}+geE¥ntBeamF?HHF§wn from

t he body @ﬁssagewy Tioat eds) ohet 88beaDaghtiENhsedaser 1R ted
above invol ving a}1 |ver¥ Wre gortl n and an end section for
ul ti mate det achP@helhttQ §SFgER L@seulahureopassagaipksti ons of wire and

end sections all havet nﬁéwmlbe deswébleseaalahow@ﬂﬂé&ihﬁélfhﬁ%u when
V|brat|0f§| theeggéggeéglggpokeg &grg Mgéebeggcdeggcﬁgéefrom the

wire so that the wire can be withdrawn from the body
passageway. For each of the embodiments described
above involving a delivery wire portion and an end
section for ultimate detachment at a target site, the

20 combinations of wire and end sections all have natural
or resonant frequencies. Thus, when vibrational
energy is applied to a wire, such as wire 16 in FIG.
1, the resonant frequency of the combination of the
wire 16 and end section 16a will have a certain

25 resonant frequency which can be detected by
conventional spectrum analysis methods. This resonant
frequency is displayed on the spectrum analyzer 28 but
as soon as the end section 16a of the wire 16 is
detached from the wire, the resonant frequency of just

30 - the wire portion is different and, of course, will be
displayed on the analyzer 28. Thus, a simple
observation of the resonant frequency display on the
analyzer 28 will provide a user with instantaneous
information as to when ﬁhe end section or coil has

35 been detached. In place of spectrum analyzer 28, a



1, the resonant frequency of the conbination of the wire 16 and end
section 16a wll have a certain 25 resonant frequency which can be

" detected by conventional spectrum anal ysis methods. This resonant

frequency is displayed on the spectrum angl yzer 28 but as soon as

the end section 16a of the wire 16 is detached fromthe wire, the

resonant frequeRsodint tsile3d couIdTQoél\ﬁ[Bfo@PdédOﬂolrﬁoﬂiféﬁrﬁﬁé and, of
course, will be di spl ayed on the an %gzer 28. Thus, a S|nple

observation off&IRNHsguateReRRYA Fighal dnch@rge 1n thgnpg yzer 28
will provide afxt&ﬂfeﬁw fb39 NSt PHE AR OAISLamp or é@ﬁﬁ’aﬂﬁélQﬂ asakfm.when the

end section or coil been det ached. glace Qf spectrum anal yzer
28, a n the manner described, a qgt od and nRPP8EBRESOI | er
coul d bes provipigge tsééfpruéé&rim by whi&B08RNEndr s6EeN6hesrafdwsrgnal a

change in the frequency lighti a Ia or sounding an alarm
In the manner RS RS RAELLY ?%%P%ﬁﬂ %@%aﬁ%%ﬁ% ¥ detﬁﬁbédbgﬁﬁmdégﬁrlbed by
whi ch an end soii®drPip @rﬂ&? of the nwrée ?éﬁéké{ll&ehhﬁﬁbﬁtaﬂﬁlﬁw ckly

detached fromthe delivery portion of the wire, generally wthout

pai n t o ihethgpyeRiectne Rabachad epdt f»‘@ﬁthap mayiRe in  the
form of & ol lyndiBasrplofthEo ey | fifsaNdr MBYNEE d8vicelgREShbgdpen

vascul at ure passageways or ot her’ dy passageways. Vi brational energy
is usedQo rupﬂq%ﬂted l%llWJ—%‘WF?eEa§§ﬁ§?H?Yﬁg°Fh@tB§Fl bedy portion of
the " pdsomdibeyend vasthelonal ERePGyClBChEbaAkoCHipRle of
any kind |s required, making it nuch safer bj ect.

It is to be urdfseerbingipics h%ea%%‘élﬁes‘éhﬁbéallvery PQFF&ﬁgeﬁLfnttéleare
only illustraty¥fe OfréecROPENG2ELERion and 85 hBee@ébEEhEEQS cofr e

present invention. Numerous nmodi fications and alternative .
arrangenent s rf aryJgind fevredaisgd: eakingi iFe@urh sa&esr £om theut
departiqw subjé@M the spirit and scope of the present invention and

It is to be understood that the above-described
. arrangements are only illustrative of the application
of the principles of the present invention. Numerous
modifications and alternative arrangements may be
20 devised by those skilled in the art without departing
from the spirit and scope of the present invention and
the appended claims are intended to cover such

modifications and arrangements.



t he appended clains are intended to cover such nodi fications and
arrangenents. 14

"CLAI M5 1. Wre apparatus with detachabl e distal end _
conpri sing an elongate wire, jycluding a distal end section 5
for delivery to and detachnent at a target body location, said wire
I ncluding a discontinuity | ocated crAfes wardly of the distal end
section for rupturing when vi brational energy is applied thereto,
and meand -f oWi¥e| appp¥atjisapiityi ¢ baidhedtlieohls taderend 10 to
the wire to traygbrigihfe dlscontan|ty and cause detachnment of the
di stal end section. Apparatus as in Caim1l wherein the
di scontinuity conpr?§e§19n§§$elwlﬁﬁe\Nﬂqgudmﬂg a distal eﬂﬁ seipiplomt us as

in Oaiml wheggikNgbhi€very to Gn$Cemlis %V&v%sr d d' anet er
section. 4. "Apparatus as in a|n1 rernt

di scontinuity éemptions §ahdawlﬁﬁeam@dudmng<a1dmscontlnumny«io¢atedwre.
5. Apparatus aéehewgraay 3>f""@%eb'15tt'&§ end se@ti%‘?ﬁ@dl“'ﬁ%@t‘i%ﬁﬁ{edses a
I'e en

chemcally-treated or Itt section to W re.
6. Apparatus a¥hen EﬂbwﬁtSOWﬁér@D#IQWel§e@mpi1ed therdto,cliad cal | y et ched.

means for selectively applying vibrational energy
10 to the wire to travel to the discontinuity and cause
detachment of the distal end section.

2. Apparatus as in Claim 1 wherein the
discontinuity comprises a cut in the wire.
15 '
3.~ Apparatus as in Claim 1 wherein the

discontinuity comprises a reduced diameter section.

4. Apparatus as in Claim 1 wherein the
20 discontinuity comprises a heat-treated section to
weaken the wire.

5. Apparatus as in Claim 1 wherein the

discontinuity comprises a chemically-treated or H+
25 embrittled section to weaken the wire.

6. Apparatus as in Claim 5 wherein the section
is chemically etched.

30 7. Apparatus as in Claim 1 wherein the

dlscontlnulty comprises a hole extending through the
wire.

Iy



30 7. Apparatus as in Caim1l wherein the di scontinuity

conprises a hole extending through the W re.

15 8. Apparatus as in Caim1l wherein the di scontinuity
conprises an abrupt mass of material in q1g or on the wire. 5
9. Apparatus as in Claim1l wherein the wire i ncludes a first section

extending fromthe @rOXAﬁﬁératus agngnt 8181k MAakegAdenand wherein the
di stal end section Ts coupled to t%e termnal end, such coupling

formng the didbeaenhinujtyigomprises an abrupppmrasusfagaterdedi Hng

further inclu An adhesive joining the distal end section to the
termnal end g? ?% ???s?lgectlon 15 11. Apparatus as in Caim
10 wherein said adhesive is bl ood sol uble. 12.

Apparatug as in C'39”111A$E§£§tﬂssabdln 01a1ma§h§ﬁb!%1ﬁ0%ﬂé'%%%éi
sugar - based adhesi ve. Apparatus as Iin Caim10 wherein

sai d adh§§19@6$oan§lﬁsbrﬁ??FéOPoBﬁtendlng from the proximsdratus as
in Caiml3 whgpgi oS3 fefrinal 28H8ST YRACRIRLELIRS tHR! B st@uking 9l ass

adhesi ve. _
section is coupled to the terminal end, such coupling

forming the discontinuity.
10
. 10. Apparatus as in Claim 9 further including an’
adhesive joining the distal end section to the

terminal end of the first section.

15 11. - Apparatus as in Claim 10 wherein said
adhesive is blood soluble.

12. Apparatus as in Claim 11 wherein said
adhesive comprises a sugar-based adhesive.
20
13. Apparatus as in Claim 10 wherein said
adhesive forms a brittle joint.

14. Apparatus as in Claim 13 wherein said

25 adhesive comprises water-soluble glass adhesive.

15. Apparatus as in Claim 9 further including
solder joining the distal end section to the terminal
end of the first section.

30

16. Apparatus as in Claim 9 further including a
welded joint joining the distal end section to the
terminal end of the first section.

* c L L] S *



15. Apparatus as in Caim9 further including sol der joining the

distal end section to the term nal end of the first section. ‘30

'16. Apparatus as in Caim9 further including a wel ded j oi nt j oi ning
the distal end section to the terqinal end of the first section.

16 17. Apparatus as in Caimx wherein the wire I ncl udes

a first section extﬁﬂdin fronkthe roxig&l. end.to ﬁ tenn%pal end,
wherein the distal thd sBRPREATUS as 18 Chailed FPBSFRA™ &P WAr®end, and
wherein the di shelules aefilrsecseotioncenteadangl firah thieoprosimadl |y

transverse cuts spaced art longitudipally alpng,th di stal end
section for coﬁ?aoF?iﬁgggﬁglPﬁgegﬁg' w ere¥Pekﬁ8iPFF§a&fePﬁes |§ﬁﬁn'end
section, with g téapled to theetekmihalcehd, bendgwheesdn thet ki stalpl i ng
bet ween 10 the firstg sectign and diztal end section than the ot her

cuts and®bei ngeRPasBAL1ORr LRELBARPNBIPAPLRLALY OF 9enErgtlVhe ot her cuts,
said at |east gpansverkerauig bpaced apaittstongitudiynallylalong the 18.
Apparatus as in,Caim17 wherein said at ., least .one cyt is deeper
than the ot herdigtal end section foygcopfrolling §§ei&a®%£4* 17 wherein

said at fheasbi®heyCBF theWddetalihand keceliber, edith a2l least
20. Apparatus as in Caim17 erein said first ﬁgfti n.is
constructed of °BaPfl £8& SPES PeiRg wedPsex to the gcouplding RetHGPLection

i's constpuctedtht Higkel section and distal end section than the
other cuts and being spaced a predetermined distance
from the other cuts, said at least one cut forming the

discontinuity.

15 18. Apparatus as in Claim 17 wherein said at

least one cut is deeper than the other cuts.

19. Apparatus as in Claim 17 wherein said at
least one cut is wider than the other cuts. |
20
20. Apparatus as in Claim 17 wherein said first
section is constructed of stainless steel, and wherein
said distal end section is constructed of nickel-
titanium alloy.
- 25
21. Apparatus as in Claim 17 wherein said at
least one cut is cut to a depth to readily cause
rupturing of the distal end section at the location of
the at least one cut when the vibrational energy is
30. applied thereto.

22. Apparatus as in Claim 1 wherein the wire,
except for the distal end section, is formed of
stainless steel, and wherein the distal end section is

35 formed of nickel-titanium alloy.

(I My
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titaniumalloy. 25 21. Apparatus as in Caim1l7 wherein said at
| east one cut is cut to a depth to readily cause rupturing of the
“distal end section at the |ocation of the at |east one cut when the
vi brational energy is 30 appl i ed thejeto. 22. Apparat us
as in daim1l wherein the wire, - except for the distal end section,

is formed of 23l aifpesratiscls ARdcYRehel 'wh8BedhstRrt end section is
35 formed of nickel-titanium all oy, '

Y, .
17 vilratinpahteRSEGY | 3PRI X1 RY IMORRSF cFAMPRESES an yij prati onal

ener gy applyi ng) {EASus@GEASESL SR coupledblé 288U I8PEk &AL anpbgable_to
the proxi mal end of the wire. 5 24. Apparatus as in Caim

1 wherein the the wixgprati onal energy appl yi ng neans conpri ses neans by
whi ch the proxinmal end of the wire nmay be mechanically struck. 10
25. Apparatus as in Caim1l wherein the wire is ,asolid wre.

26. Apparatus as i 24 aihpRangiene asthe Giadmi L whereipg thBular wire.

27. Vascul ar ogfh st DB APPEREEYY SPPPYiAY NEeans comprised MbhAs’ B
threading into a vascul ature passageway to an occlusion site,
which the proximal end of the wire may be mechanically

struck.
10
25. Apparatus as in Claim 1 wherein the wire is

a solid wire.

' 26. Apparatus as in Claim 1 wherein the wire is
15 a tubular wire.

27. Vascular occlusion apparatus comprising
a wire for threading into a vasculature
passageway to an occlusion site,

20 a distal end coupled to the wire and adapted for
detachment when mechanical energy is applied to the
proximal end of the wire; and

a mechanical energy generator attachable to the
proximal end of the wire for selectively applying

25 mechanical energy thereto, to cause detachment of the

distal end for disposition at the occlusion site.

28. Apparatus as in Claim 27 further comprising
discontinuity means located at or near the coupling of
30 the distal end of the wire, which, when mechanical

energy is applied thereto, ruptures.

29. Apparatus as in Claim 28 wherein said

discontinuity means is located in the wire.
35



20 - ad

det achnent when nechani cal

the wire; and

thereto, to cause detachnent of the

t he occl usi on
conpri si ng

I stal end coupled to the wire and adapted for

energy is applied to the proxi mal end of

a mechani cal energy generator attachable to the
proxi mal end of the wire for selectively fgplying 25 mechani cal energy

site.

di stal end for disposition at

in daim2{ further

diBQConﬁplPlﬁrtaSF%%%s lﬁgcﬁ%’d‘l‘]:&@i‘fh%%’r“t%%l oupl ing of 30

the di stal enddifscontinuicy weatly dsheoomnddnicathe distaknendy is applied

thereto, ruptu
di scontinuity

18

di scontinuity

Appar at us' as

general ly trangs.se cut.

wherein the
coupling the d
28 wherein the

10

15

20

25

30

35

res. 29. Apparatus
nmeans is located in the wire. 35

as in Cam28 wherein said

30. Agpar @ppmrastud) 3 aiinChairhe2@iwhepéiin the -

EFans iss lacated in the dista

| end. 31.
IGCANHI e MRS EBPTISeH R R PHTR Y nkERRSYSHEP ses -a

32. Apparatus as in Caim 28

di scontinuity neans conprises a brittle adhesive joint 10

istal end to the wre.

33. Apparatus as in Caim

37l sappdratdy deais Chabhi 38 swilebédndthel ubl e adhesi ve

discontinuity means comprises a brittle adhesive joint

coupling the distal end to the wire.

-

33. Apparatus as in Claim

discontinuity means comprises a

28 wherein the

blood soluble adhesive

joint coupling the distal end to the wire.

34. Apparatus as in Claim
discontinuity means comprises a
the distal end to the wire.

35. Apparatus as in Claim
discontinuity means comprises a
the distal end to the wire.

36. Apparatus as in Claim
discontinuity means comprises a

section of the wire.

37. Apparatus as in Claim
discontinuity means comprises a

section of the wire.

38. Apparatus as in Claim
discontinuity means comprises a

section of the wire.

28 wherein the

solder joint coupling

28 wherein the

welded joint coupling

28 wherein the

reduced diameter

28 wherein the '

heat treated weakened

28 wherein the
chemically etched
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joint coupling the distal end to the wire. 15 34. Apparatus as

in Claim28 wherein the di scontinuity neans conprises a sol der joint
coupl i ng the distal end to the wire. 20 ~35.  Apparatus as
in Claim28 wherein the di scont i nuiby means conprises a wel ded joint
coupl i ng- the distal end to the wre: 36. Apparatus as

in Claim28 wherein e ' I Ui 0 ises a reduced
di anet er sect:iltd(}n 0 pt%r_eﬁvl\n?ér:g%é _ﬁ&’.é]\_’aﬂ?% &%g?é]ﬂbp%?%t us as in
Cl ai m 28 wher eidigdomtinuity diesgmtdconpitisee sa masepat seshed heat theeat ed

weakened 30 wigelion of the wire. 38. Apparatus as in Claim
28 wherein the * discontinuity neans conprises a chenically etched
section of the wire. 35 19

ai

compr | oS maos af tiknediRpIES 48 i ciain 24 5EEEI e "ERERA1 o s as

in daim28 whenred nid hompisisdd of a mmbi:sarormfmé@dth@fc@irr&méha! Iprmed
[ [ u onsi stin

to coil when uncoﬁg¥¥g¥%ééyr§¥h §g¥25¥g§¥¥f§hf{égnérghgrgo sgsting g

of nickel-titanium alloy and platinum.

10 41. Apparatus as in Claim 27 wherein the
- mechanical energy generator comprises an ultrasound
generator, wherein the wire and distal end, when
coupled, exhibit a first resonant frequency when
ultrasound energy is applied thereto, and a second
15 resonant frequency when the distal end is detached,
said appératus further including means attachable to
the proximal end of the wire for detecting and
displaying the resonant frequency exhibited by the
wire.
20
42. Apparatus as in Claim 27 wherein the distal
end comprises a mass sufficiently greater than the
mass of the wire such that the distal end mass
detaches from the wire when mechanical energy is
25 applied to the proximal end of the wire.

43. Apparatus as in Claim 42 wherein the distal

end mass is comprised of platinum.

30 44. Apparatus for selectively occluding body
cavities comprising
a wire for threading to a body cavity, said wire
including a distal end section having a plurality of
spaced-apart discontinuities to define segments
35 therebetween, each discontinuity adapted to sever when
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of "nickel -titaniumall oy and plati num 10 41. Apparatus as in

Cl aim 27 wherein the nmechani cal energy generator conp d
" generator, wherein the wire and distal end, when HABEEN| a
first resonant frequency when ultragpund energy is a BPLAGED: her ef 0,
and a second 15 resonant frequency when the distal end 1s detached,

sai d apparatus_f ny ' n C : oxi mal end
of the wire fof gééggﬁﬁﬁgggﬁgéegoggid?ggkggigggbﬁghggé3ﬁaﬁf&?$§§gency
exhi bited by thbereto, ande. 20 42. Apparatus as in daim?27

wherein the distal Lkses suffici I t han t he
mass of the wire su%ﬁaPﬁa?gghénggkgg g%&gﬁggg %Eg%gkgg%§§hgéﬁﬁ%§é1the Wre
when nmechani cafreqeeggies 26 a papplimed eodt b€ phexiwiale d&od cafusehatnire.

43. Appakat us ' ' 2 erel Is | d I.s. conprised
of piatiRum . 1ot SolbTb3icHATHEROEInNIT 8y to sR) SBY HiR body
cavities conprdstagh the segmendé wirr echoentir dadiangd distieddy cfvitthe said

wre i nclLuding .a.distal .end,section having a plurality of
spaced- apart dFéggﬁggnﬂﬁFﬁégkfgﬂégiﬁﬁé segnents 35 t her ebet ween, each
di scontinuity adapted to sever when

20 aselected viRational gnengy LS GIC Yt 2P0
10 discontinuity is adapted to sever in response to a

different energy frequency.

46. Apparatus as in Claim 44 wherein the
vibrational energy frequency applying means comprises

15 an ultrasound generator.

47. Apparatus as in Claim 44 wherein the
vibrational energy frequency applying means is adapted
to apply vibrational energy frequencies to the wire

20 such that one or more selected discontinuities are

caused to rupture.

48. A method of disposition of an occlusive
element at a target location in a wvasculature
25 passageway comprising
(a) threading an elongate wire into the
vasculature passageway so that a distal end, forming
an occlusive element, is disposed at the target
location, said distal end being detachable from the
30 wire when an ultrasound signal is applied to the wire,
(b) applying an ultrasound signal to the wire to
cause the distal end thereof to detach at the target

location, and
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L [T T —



means for applying selected vibrational energy frequencies to a

proxi mal end of the wire to cause at 5 | east sQupe of the

di scontinuities to sever and thus detach thq THRS SERE ts

| ocated distally of the severed discontinui §ies. REPT‘P-%\SSEI%F’ 45,
Apparatus as in Caim44 wherein each 10 21 disco AL HAQ Bdaoted to
sever in response to a di fferent energy frequency 46.

Apparatus as in dai fci4 whthdrawihg the wire Hret dhe \m’se:ng;atfumuency
appl yi ng nmeans | ultra nd gener at or, .
Appar at us as iﬁg%ggégéﬁ%yhh%?%yﬁﬂ kh ﬁggtgl §ta §P%a%§ﬁﬂfqrequency

appl yi ng nmeans lecatiapbhed - to apply V|brat|onal energy frequencies to
the wire 20 such that one or nore selected discontinuities are
caused to rupture. :

5 49. A method of detaching the terminal end of a

wire in a vasculature target site comprising the steps
of '
(a) guiding the terminal end of the wire to the-
target site, and
10 (b) applying an ultrasound signal to the wire so
as to cause the terminal end thereof to detach at the

target site.

50. A method as in Claim 49 wherein étep (b)
15 comprises applying the ultrasound signal to a
discontinuity formed in the wire proximally of the

terminal end.
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