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VETHOD AND APPARATUS FOR FORM NG CUTS | N CATHETERS, GUI DEW RES AND THE LI KE
10 ' BACKGROUND 1. Field of the Invention
The present iWOKI%6¥n pertains to nmaking precision cut ECTHSYA6MEt er S
and guidewires. Specifically, a device 15 for hol di ng, advanci ng,
‘rotating and then cutting a catheter or guidewire is provided which is
able to mani pul ate the catheter or guidewire in two degrees of
freedomto enable precision control of the |ocation of the cuts.

Vari ous clanpi ng nechani sns are provided for 20 nmanipul ating the catheter
or guidewire, as well as mechani sns for wear detection of saw bl ades
used to nake the cuts resulting in controlled variation in nechani cal
properties. 525 2. State of the Art Making cuts in catheters
and guidewires requires precision in order to ensure reliability
because of the nmedi cal applications in which they are used. However, it
i s al so i npor MBTHOD ANDAPPARATUSOFORS FORMING TS IN CATHETERS,SGUIBEWIRES ANDSTHEO t he
health care i h@stry can be nininized. The state of the art is
typified by such devices as grinding wires, wound coils, and | asers for
maki ng t he cuts. But these devices often suffer from high cost or

i mprecise or difficult control nechanisnms for properly
10

BACKGROUND
1. Field of the Invention

The present invention pertains to making precision

cuts in catheters and guidewires. Specifically, a device

15 for holding, advancing, rotating and then cutting a
catheter or guidewire is provided which is able to
manipulate the catheter or guidewire in two degrees of
freedom to enable precision control of the location of -
the cuts. Various clamping mechanisms are provided for

20 wanipulating the catheter or guidewire, as well as
mechanisms for wear detection of saw blades used to make
the cuts resulting in controlled variation in mechanical
properties.

25 2. State of the Art

Making cuts in catheters and guidewires requires
precision in order to ensure reliability because of the
medical applications in which they are used. However, it
is also important to control costs of production so that

30 costs to the health care industry can be wminimized.

The state of the art is typified by such devices as
grinding wires, wound coils, and lasers for making the
cuts. But these devices often suffer from high cost or
imprecise or difficult control mechanisms for properly -
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2 positioning both the device to nake the cut and the cylindrical
obj ect to be cut. What is needed is a nmethod and apparatus for
maki ng cuts i womsbeser s and gui dewires which allows 5 preccrasopmssiol of
characteristics of the cuts. This entails precision hol ding,
advancenent and rotation of the generally cylindrical object while at
| east one saw bl ade is itself advanced t%0 make the cut and

retracted afterward. 10, . ECTS AND, SU RY OF THE .l NVENTI ON
It is an object ofPRFHFINING,POER, ERE; g??‘;’t‘ff X "ﬁ‘l"ﬁv:i\:/gg Suﬁe?ﬂgot%d
apparatus for fo.rrﬁ'yitj.rpi:a'cdaé@ object tatbeidutcat heters and gui dew res. 15
It is another object tfr?gmtowsdﬁeadaatbedamhoa anapas?taiggué%é orm ng

precision cuts in cyljindrical , obj ect s. \ \ et_.anot her
obj ect to provide BN HERdn cathphers dnd @yideyireRgvbicdi sb iR uts by
mani pul ati ng as 20 pmadisel condirodbpéccharadcveridigose ofothér eetidm tThis

control the para : dz@’c : [ a jgect to
provi de a net hodn%ﬂaglaingd i%& ér%g'%’? h?]é?i%%ﬁ i}éﬁdgﬁgﬁc%ﬁg gﬁ%ﬁ?%?rgﬁfﬁg a
; i

cylindrical objectth® I Yo §Y indr:.cajf haF LBRRE(ONE t he
invention is to sawrbladie iz itskdf adviampghtat makieothencutaandig

t hroughput of a dei’é'&ea%l{g&”&fft%%rﬁ?ts in cylindrical obj ects by
providing multiple saw bl ades on a single cutting tool. 30 It is
anot her obj ecl®to provide a method and apparatus for detecting the
extent of wear of a saw [RCTER AND SUMMARY CORITHE (NNVENTION control the
posi tion of the s hl ade. . These and ot her objects of the
present invention 35 A0 oRderh Qf i (Tng‘rrﬁBHFﬂEﬁ?ﬁo?oa devi ce
for maki ng cuppeviden a aetriiodr anduapparatusofagt lierming pretisikhn cal
obj ect. The devi ceqitls| UfiRfathekass ¥HACHuidewires.
15 It is another cbject to provide a method and
apparatus for forming precision cuts in cylindrical
objects. ' ' ' '

It is yet another bbject to provide a method and
apparatus forlforMing precision cuts by manipulating a
20 cylindrical object in two degrees of freedom to
E control the parameters of the cuts. '
It is still another object to provide a wmethod
and apparatus for holding, advancing and rotating a
cylindrical object to be cut.

25 Still yet another object of the invention is to
provide a method and apparatus for increasing
throughput of a device which forms cuts in cylindrical
objects by providing multiple saw blades on a single
cutting tool.

30 It is another object to provide a method and
apparatus for detecting the extent of wear of a saw
blade in order to wmore precisely control the position
of the saw blade.

These and other objects of the present invention

35 are realized in a preferred embodiment of a device for
making cuts in a catheter, guidewire or other
cylindrical object. The device includes a base which
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3 has at |east one circular saw bl ade nounted on a spi ndl e
menber, and a clanp for nanipul ati ng and positioning the object to be
cut. The cir cCWOIB10634y bl ade is rotatably nounted on t h®CI{ISH6301
menber. The 5 spindle nenber is free to nove vertically and

hori zontally with respect to the base to thereby control the |location,
| engt h, depth and angl e of the cuts ina cylindrical object disposed

adj acent t hereto I ' I h ject tq be 10
cut, as well as pgg%t Fg'nIlg?sgy?ﬁ?oéffre%r?% tes,gwr g? g?létc}ﬁogﬂg&toglt er eby
expose the entir e SPiRE3Rf BPEPeE, ANG (R clamp £or| maripwlatifje@nd o t he saw

bLade. By reLe?si postiBfoning €hérgbjettpivecber ehter 'mddacﬂpﬁﬁ;l 1die gawd i ndri cal
obj ect ef or a | S.d£: u 15 -
cylindrical objec 1%?? gét?l&r:\%éaﬁﬂ' WQQA%& fﬁgg %%%%@M%l n\%’ﬁt I on
is the abilitp tospindlagrember isifnee: fosmeyepverticablyand for

Cogt'r ol ling f hheiaehgalm with atbepeetest the bige qiu'égmeﬁefblble cut -

and novenent of t e e : (o] ar e 0 .
provided to enabl reé%ag?gét{l:g% %?gm%n'onﬁgggﬁ' dgsgiwa%? P °§§"?‘8 si gnal
needed repl acemencuss in a gy}irdrinal ebiest dispesed adjadentsaw bl ade

spi ndl e Menbehek@t60MPERE d¥amp is able tOMRGI@It}é RAfedts tbhgeability

to simultane ly r.alis f.cu i h .ect . . Thi.s is
acconpl i shedq'vtgst hcéﬁéa\%gﬁﬁ%gle%éja | ?jgtté'o& ﬁ?a*’?t yE%'fL &%]ﬁ‘agggaitrllon
paral | el . Even note &hexekyrexposmfhepgntire girgumiexenas ©ft ¥¥8 one saw

3I ade spi ]Eldlgg nepbg&indricamj&mﬁ(ﬂb ithel BAWPBI&Re; | By pelklaging tne
legrees o [ m . 0] € 0] ! nvention |s to
provi de more € gn- bna %ﬁ?%lrg}%é%b%rggégagga@%l‘é@fmlrsh%é&%a‘i %Je‘:{.‘ )

si mul t aneous| y makefprecthe plamp dsgreiengagedtito sequyaly deddakbag t he
| ength of thascyl cpllih@eicabjckefect3Tor cuttingese and ot her objects,

features, advantages aiforner UddtcRable/ EndSPaplae fin |11 L3RI 1EPVER ' O
wi'l l- becone aggg;ent to fho eés L | e Ind“ e ar roma T
precision cuts by providing means for controlling
the rotation and advancement of the object to be cut
and movement_of_the saw blade spindle member. Sensors
20 are also provided to enable detection of wear on the

saw blade so as to signal needed replacement or
adjustment of the location of the saw blade spindle
member to compensate.

Another aspect is the ability to simultaneously

25 make a plurality of cuts in the object. This is
accomplished with a saw blade having a plurality of
blades in parallel. Even more cuts can be made by
providing more than one saw blade spindle member,
where each is independently movable in two degtees of

30 £reedom. _

Another aspect of the invention is to provide
more than one spindle member so that blades can
simultaneously make precision cuts at different
locations along the length of the cylindrical cbject.

35 These and other objects, features, advantages and
alternative aspects of the present invention will
become apparent to those skilled in the art from a
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4 consi deration of the follow ng detailed description taken in
conbi nati on with the acconpanyi ng draw ngs. BRI EF
DESCRI PTI ON Gko 9drfesddRAW NGS5 Figure 1A is a front ptpvsihesl Vi ew
of a preferred enbodi nent nade in accordance with the principl es of
the present invention. Figure 1B is a side el evational view of

t he i nvention shown in Figure 1A 10 4 Figure 2 is an alternative
enbodi ment of a vertically nmoving nenber shown reversed in orientation

with respect to Fressideratiargof the followipgrdethileq defgqrdptdonye

enbodi nent of a takearidosémbination wdthether asbompadriiey Srdwingsd
orientation with respect to FIGS 1A and 1B. Figure 4 is a block
di agram of the preferred enbodi ment whi ch shoms a control means and
sensor means for controlz’ DESCRIBEION QF 2 Y NS novenent of

conponents. 2 %{.g |,_ss 3 ¥ PE Qié@éﬁﬂﬁ;‘f %ﬁg%al s whi ch

pass between conponents en using an electri lucti on sensor.
Figure 6 is a bl oEEeﬁPﬁﬁﬁﬁn?@Rﬁ&"Fﬁj’tsFﬁﬁ&I énv\ﬁ?%rdanc‘b Feithhdhgeen
conponents when upirigcipbeshafitie plesgntSindeneionon sensor.

Figure 7 is a block dig éﬁ%ﬁ% %%aﬁ@alﬁeWtfgnal viEF oL Eneen

conponents when using a Figure 8 is
a bl ock d|agran1sHHﬂFﬂElgpdﬂ&N§1WH¥@HSEGe pAss bet ween conponents when
- usi ng an opt iwal Hiteréi Dnisans@lternative embodimentdss @-a front

o oueL! U)LY eBientyy AULEH UeiproBROHh FabeLila e SippNGGIE T
the cl anpi ng nean§15P Fegpect to gAGS 1A and 1B.

Figure 3 is an alternative embodiment of a
horizontally moving member shown reversed in

15 orientation with respect to FIGS 1A and 1B.

Figure 4 is a block diagram of the preferred
embodiment'which'shows a control means and sensor
means for controlllng position determ1nation ‘and
movement of components. '

20 Flgure 5 is a block d;agram ‘showing signals which
pass between components when using an electrical
conduction sensor. '

'~ Pigure 6 is a block diagram showing signals which
pass between components when using a mechanical drag

25 detection sensor.

Figure 7 is a block diagram showing signals which
pass between components when using a rotation detector
sensor. )

Figure 8 is a block diagram showing signals which

30 pass between components when using an optical
detection sensor.

Figure 9A is a front elevational view of an
alternative embodiment for the clamping means.

Figure 9B is a side elevational view of the

35 alternative embodiment for the clamping means of FIG.
SA. '
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5 Figure 10 is an alternative saw bl ade assenbly whi ch can
be used in all enbodiments of the present i nventi on. Fi gure
11A is a top ewossidesnal view of an 5 alternative cl anpi ngrderosemsesel
Figure 11B is a side elevational view of the alternative clanping
device of FIG 11B. ' Figure 12 is an alternative enbodi nent which
uses two saw bl ade assenblies to sinulténeously make 10 incisions in
t he catheter. DETAl LED SCRI PTI,ON OF gfié

Ref erence will now be mEGSUES tRc1% 2R rptive sgy; bfa

el enents of the preddeh icancbe vsed5in vall duboghmentauaﬁrthmlpmmqnations
and in which the jn.anpyegtion wild .be discussed so as to enable one
skilled in the art to make and_use, t he i nve The present

invention is illustratediBHYE L 45 a top fﬂ&"fﬁ“’f—‘?‘é viowiQf A% ront view
of the preferres Zﬁltemhadnnenclampiﬂgadevﬂuqqcwn and shows the systemfor

folrm 39 pr|eC| E' OntCUt|5: g rﬁaii‘ﬁt% akasigié dawvheioRhl v:.ev{ ﬁif‘%t ded
cylindrical objects. For oses_of ke e intended use
of the present inv@Hs gv %E&?Enég%ﬁd% PgngPefgi?ed to as the object
bei ng- cut, 25 aIthoughFﬁgyreylanb|anﬂalﬂgnnatzwenembodimnnutwhxnh uses
the catheter. Howe & B1SBECatfedtiit &2 ity t he

Slo sb% BLSA a% & ?ﬁu!lﬁﬁxeo%n m“ Cng j

conveni ence of witing I,n terns ecific c obj ect, and
shoul d not be 10 edoPs g ﬁBTeﬁ?Eﬂeqq tation of the invention. 30
However, referring to a catheter keeps present in mnd t he objective

of having a very precise CU&*@:@%IE!IOHM?rWrWS par anmount
i n nost medi cal appl i cat1ons ernore, a cathefer 1s only one
enbodi nent of a nedi cal Refpreaeei Wil maw e sndeato| thezdrawinassdm s t he
need for precision wh:.ch the vabfowy ERMmentE@sNtha ﬂé&ntlﬁirmimianl s

comprised of sgveral; ! gTPgideh "SI R23I§nAEIBRE and in which the

invention will be discussed so as to enable one
skilled in the art to make and use the invention.

The present invention is illustrated in FIGS. 1A
and 1B. FIG. 1a is a front view of the preferred

20 ewbodiment of the invention, and shows the system for -
forming precision cuts in a catheter, a guidewire, or
other cylindrical objects. For purposes of keeping in
mind the intended use of the present invention, a
catheter will be referred to as the object being cut,

25 although any cylindrical object can be substituted for
the catheter. However, reference to the catheter is
only for the convenience of writing in terms of a
specific cylindrical object, and should not be
considered a material limitation of the invention.

30 However, referring to a catheter keeps present in mind
the objective of having a very precise cutting device,
where precision is paramount in most medical
applications. Furthermore, a catheter is only one
embodiment of a medical application, but which easily

35 represents the need for precision.

The system 6 shown in FIGS. 1A and 1B is
comprised of several elements including a base member
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6 10 for supporting the structure. Coupled in sliding engagenent
with a vertical base nmenber 12 is a vertically novabl e nenber 14 which
has a first woesnoesy ti cal coupling face 16 and a first hor pepos®hsed
coupling face 18. The vertical coupling face 16 is smlingly engaged
with a base nmenber vertical coupling face 20. The mechani sm
22 for enabling the sliding - engagenen® between the vertical coupling

face 16 and 10 t he base nenber vertical couplln% face_20 can be any
appropriate apparid 0T FHPPPRESRE dbRe RIS i ofonpled inghiding
vertical |y novableagiegientl#ithtabeentcicdl bade membee WRVEshwrizontal ly, or

t he precision Ofgk%§1%£55ﬁ2h°vabigjnus ggpgﬁﬂghfﬁgge;2§£f$@re t he

tol erances of th Ism necessar| ood
exanpl e of an appeshdicade couPhERg sFacS 16 apd |2 @HSﬁﬁ h°rlz?%F§hose skilled
in the art assa doupldtg ghteris. Theardmgcal doupling face e shape of

e verii el Y, sl Bakedde 3160 o I REHBES 0501508 Lo o

shown in FI Gace 2Phe nenber 14 is flipped over as conpared to t he
enbodi ment of FI G 1AThéhaechaniswmri2 ffmt Wmabldfing thet Bkidtwdgper 14 is that

It provide two fagas Qﬁ%&%ééﬁg@%ﬂ% %}ﬁ%a%n cggphxnggaéggdlrgo%ﬂawe

vertically and ace er can
slidably engb@e ttd ehBepbekt ¥erical couplingrfacey3fcqan beiany 1A and

1B is al so conpr |éiﬁﬂ‘opr:.at@f appapatusnt ailey impoiithatnesheidedativicishas a
30 spindl e endatt?ha %I%v%‘igg@glii rk&p%}fel nfémlrl Eq I’xgee?e gen&%te@' S

hori zontal Iy nov
hori zont al couplHﬁgﬂﬁﬁ@ehﬂgiFBntallytrﬁ¥\Rﬂq|H§ﬁq¥§1ﬁﬁvaﬁlEhﬁéﬂﬁﬂﬁm%4 at its
first hori zasild beodmpigmised. 18rhditefrel dhkctoberanees IE thehat the

vertically ”P?f’ab'uf‘edﬁ%m(%h 24 a00c {hEcessary HeORB3LLY MRVGLLE merber 24

are capable novi n
_ example of an appropriate mechanism 22 is well known

to those skilled in the art as a crossed roller
- bearing slide.
The shape of the vertzcally movable member 14 is
20 shown here as a small backwards "L". An alternative
shape for the vertically movable member 14 is shown in-
FIG. 2. The member 14 is £lipped over as compared to
the embodiment of FIG. 1A. The important feature of
- the member 14 is that it provide two faces 16, 18
25 which can be slidably engaged to move vertically and
provide a second face on which another member can
slidably engage to move horizontally.
The system in FIGS. 1A and 1B is also comprised
of a horizontally movable member 24 which has a
30 spindle end 26 and a second horizontal coupling face
28. This horizontally movable member 24 is slidably
engaged at its second horizontal coupling face 28 to
the vertically movable member 14 at its first
horizontal coupling face 18. It should be observed
35 that the vertically movable member 14 and the
horizontally movable member 24 are capable of moving
independently of each other. In this way, the system
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i ndependent degrees of freedom of novenent . The spindle end

26 of the hor wwssriaédsy novabl e menber 24 provides a horraxmsoaiessd ot 30
in which a 5 spindle 32 is disposed. The slot 30 is generally

circular to serve as a receptor for the round shaft 34 of the spindle

32. The spindle shaft 34 has disposed oh a working end 36 thereof at

| east one circul ar The circul Al w bI ade 8 is disposed
10 vertically on ‘l’%@%‘fﬁ%cﬁ“? §'ﬁ‘§?¥’e3§ u‘g ©Bngled in

ot her enbodi nent s.movement. The spindle shaf_t 34 1& coupl ed to a drive

mot or by gears, b ngget Haly OTE. AN, gt%h 11y AOVARDEi ate
means (not shown) whi cﬁh\%\}lél ﬂc??f%get € ?50 ag‘celll X 31Fta 3 flo ra£| dly.
rotate. The dri vePSHR®R 8sRhAPyL %%fﬁ" 5°5p 30 4P WRL
appropriate 5 |spixdlen 3|ist dv.sposedhe e mlict §I0aﬁ.s geneaally

preferred embodi megi ety Y %@'r%esﬁéfé Phcdptdl 8620 the roBddaskissiess DC
notor through a to , bl ade. 38 is

typi cal of those St he‘? R m"f%ﬂet ﬁé ar'?h I?Pjé‘%gfe"é’%kéggﬁ%ﬁé L7ROS§q, o

cutting edge 40 ofonraemk:bigadsadS% thevenfodbnilieast onej giluselan| saw

catheter 8 to be s Tho alanctcoian, S todu ds° S BIbRUAER 0 2 et
50 is conpristf of"?’:’/&“f‘?&]}]ﬂ ngeaggie?ﬁgfer hagh, 3él'ahﬁt5‘23¥§n%[?‘h§9"cl anp
f eedi ng (suppangled ireatheT4embodimentieyi ce which feeds the

catheter 8 to and then gy wmaesﬁémé&s HeRipiRa £bagPiPOvdthiady 50 i s
al so coupled to ttbybase rreggg < h(gt vd| sposed to ﬂol d the clanp 52
in a position for 8r nﬁ"ﬁ? ti e nEFeP™ PE®hRe circular saw
bl ade 38. apprqpmqmeemansd(nmbcnhomt whilich widipca@se sthg 35 't he
type known toyfhosgssidild haieR BAetsrfapiaBy GIthek. The drive motor
(not shown) can be disposed in any appropriate
location relative to the spindle shaft. In a
preferred embodiment, the spindle shaft 34 is driven
_ by a brushless DC motor through a toothed timing belt. -
20 The circular saw blade 38 is typical of those
found in the art. 1In a preferred embodiment, the
cutting edge 40 of the saw blade 38 isg coated with
industrial diamonds.
The means for holding and otherwise manipulating
25 a catheter 8 to be cut is the clamping member 50. The -
clamping member 50 is comprised of two major
assemblies: the clamp 52 and the clamp feeding
(supplying) means 54, or the device which feeds the
catheter 8 to and then through the clamp 52. The
30 clamping member 50 is also coupled to the base member
10 and disposed to hold the clamp 52 in a position for
easy feeding of the catheter 8 to the circular saw
blade 38.
In the preferred embodiment, the clamp 52 is of
35 the type known to those skilled in the art as a collet
clamp. A collet clamp is a slotted cylindrical clamp
inserted tightly into the tapered interior of a sleeve



clanp. A collet clanp is a slotted cylindrical clanp i nserted tightly

into the tapered interior of a sleeve WD 98/ 10694

PCT/ US97/ 16301 or chuck on a lathe to hold a cylindrical piece of
work. In Fl Gvasdsobsy cylindrical shape of the clanp S52pcrusHasot €.
[err] is slotted in that the clanping arns 58 are separate from each
other so that they can 5 pull away fromthe catheter 8 when di sengagi ng,
and t hen securely conme together around8the catheter 8 when

engagi ng. In a preferred enbodi nent, a_desirable feature of

the clamp 52 is tR& chuacksoRro¥ 8, ten heddanFyhindnical piegeapfi ng menber
50. The collet cweatr.5218aR1¢h +-e gldhdricaisshapelicipade aldmpf er ent

portion of the §gr,{,%§§b tbe Gat @qh@rheﬁ kR {:Q%s% @1@‘?3?? The

mechani sm f or rot a?. ng t arrp ‘52 7's ener a and is
conprised of the @FREp582a%A; PPF Yo |EForsear Sth?-ﬁn%pvﬁ'hﬂzbnt@&ﬁf FaRat e

\(Mth Iresm@;:t 50 t baliaaway fréhagite Hatheter 8 whenhéisemyayimesdand

suppl yi ng) neans S I S t r

enbodi nent to be thén Sg@ukg }éd‘:m?é: t%ae:rl]:?ﬁ& a g%a%@%%t}e%g 82&%?“ ng
in 20 conj unctlsnm#-ﬁga feed roller 66. As FIG 1B should make

c: ear, thg pi nch rol | ernaaspréfertdél enboddimeat] ha desirsbleeifeatdreocthe
clanp 52 by using | e RS s 60, 66.
The upper nenber thé 85’% 52, %écﬁﬂ’a Iltbqgl\gsgﬁwﬁlge %e%iqgg he feed
25 roller 660 TREBef QéamePgéPe‘W?lé@-anTﬁ‘Fl godehoelamR) 52 can gheRe clanp
f eedi ng rreansd54 gothbet sbhasfeedispds® a difféfentnportion Bfe thench rol |l er
60 i s disposed at o) I at pi voti ng
end 70. Locats{elgﬁaf:gt 8].5'99? éa‘ﬁ%#%\éelsng n}:g |§$¢'g§h£‘%ﬁ\;‘f)y 30 Tﬁ ong t he
length of the | evBechARis® goqs,oqr%tqtg.ng Gﬁ'@ clampcfg i# shows gegeraliy :
i nserted theret hraugbs.aaﬂdt be compriseiciofentieotlalp Sprwhiglbds keaupl ed

o oo ot W 13,2 e 5 S0 IR o S B!
blade 3 _
The clamp feeding (supplying) means 54 seen in
FIG. 1B is shown in this preferred embodiment to be -
comprised of a pinch roller assembly 60, 62 working in-
20 conjunction with a feed roller 66. As FIG. 1B should:
make clear, the pinch roller assembly 60, 62 feeds the
catheter 8 to the clamp 52 by using friction created
between two opposing members 60, 66. The upper member
is the pinch roller 60. The lower member is the feed
25 roller 66. The feed roller 66 has an axle 68 mounted
in the clamp feeding means 54 so that the feed roller
66 can roll. The pinch roller 60 is disposed at the
end of a lever arm 62 which pivots at a pivoting end
70. Located distally f£rom the pinch roller assembly
30 along the length of the lever arm is a hole 72. One
end of a spring 64 is inserted therethrough, and the
other end of the spring 64 is coupled at another hole
74 to the clamp feeding wmeans 54. The spring 64
provides the tension necessary for the feed roller 64
35 to push the catheter 8 to the clamp 52.
Having described most of the components in a
preferred embodiment of the catheter cutting assembly



35 to push the catheter 8 to the clanp 52. Havi ng descri bed nost
of the conponents in a preferred enbodi nent of the catheter cutting
assenbl y WO 98/ 10694

PCT/ US97/ 1630W0 98/10694 6, the operation of the assenbly 6 IRCTAISINEINIOWNS.
First, the uncut catheter 8 is placed between the pinch roller 60 and
the feed roller 66. This can be done by raising the |l ever arm 62 by
stretching the 5 spring 64. Releasing the I%ver arm 62 causes the

pinch roller 60 to push down ainst the feed.roller, 66, with the
catheter 8 di sposel¥ t"ﬁéer &P@ﬁﬁggﬁ.n ﬁé the FR5edL¥:6nafi 8 fﬂg%"%own) i s
coupled to the feefirst, thel nacugccatheterse iis pdaced behweehethdy push the
10 catheter 8 tovgyigkd 1910ledB058nd THE fderc1det86l.d This &fniKe

di sengaged positio hql e .t hrqugh_ gl I S | arger _t ,dianeter of the
catheter 8) so thﬁoéehg’y rals%&%h‘éﬁ%ﬂ%’%r?% GﬁeﬁYgaéFFggﬂh%?erﬁﬁ ough.
After pas$i ngsprimg.idi# -t hBedeasingthe Hevext hemes28casséstis
sufficiently far pasicd H@19iehC 8bato SEusP! dim ¥aifst ﬁhetf'ﬁéd':[-oilsef n a
proper position tao have ntk‘rF]m SLRD c{T.ade |5051 t hy ou Its surface.
Wien the catheter %4 é‘“ﬁg’%i oFBEREETT L 1d4FPased therepe ‘ﬂ%e%Q i% engaged
and the saw bl ade ®sives metthandew 200t tshomie icucoupdedotoathe fedad ore
cuLting, the san soidd ol cackihd 1y ol ey pu id 2ot od
posi ti on. it LS vertj W

horizontal I'y DUl | e‘é?cékﬁgfprf ?’o&h@ﬂﬁdc‘é‘?ﬁe&e"f‘@ 52 B%Thﬁl?'f'?s‘lfz rﬂi‘ﬂ%ﬁ&t of
the saw bl ade 38 ike Hn %mcngammommdma,e thyough t dammtiwt er 8.
This is acconpligdiednay BRhetes NS NOId Zathatly g}n)_ve&'&a{@fﬁifé 24

oo Sy ARy AR bE PESlarl W Bmarprituh ety Cone
depth of the 30 ipasisdingh thyobvghnthie ¢lamth&2Gathet catBetel R imxiedt ep
2) conprises jdie Rifficllent1Po¥ab gade iy cidclilikNdaw bladd Vel dio rel ative
t-o the.bajse 10 tot\ﬁ]a'tcm _cg#p{’\e;gﬁ%? o '%ﬁ%- ‘I§e the, cut .. The saw |
bl ade 38 15 then CHAE i ARcR P AORFEAEa b; BEVE A incidian
novabl e . -made in or .through its surface. R
When the catheter 8 is positioned correctly, the
_ clamp 52 is engaged and the saw blade 38 is advanced - -
20 .to make cutting contact. Before cutting, the saw
blade 38 will always be positioned in a retracted
position. The retracted position is both vertically
below and horizontally pulled away from the catheter
8. The first movement of the saw blade 38 is 1)
25 horizontal advancement toward the catheter 8. This is
accomplished by moving the horizontally movable member
24 relative to the vertically movable member 14 to
which it is attached. The horizontally movable member
24 is moved until it has reach the depth of the
30 incision to be made in the catheter 8. The next step
2) comprises the vertically movable member 14 moving
upwards relative to the base 10 to which is coupled to
thereby make the cut. The saw blade 38 is then
immediately retracted by moving the vertically movable
35 wmember 14 away from the catheter 8. The horizontal
mewmber is moved only when the next cut is at a
different depth or when all cutting is complete.



35 nenber 14 away fromthe catheter 8  The horizontal menber is noved

only when the next cut is at a different depth or when all cutting is
conpl et e. WO 98/ 10694

PCT/ US97/ 163G#o 98110694 10 PCT/USOTAGSH her
cut is to be nmade, the collet clanp 52 Is rel eased as step 4). The
catheter 8 is then fed through the clanp 52 by the feed roller 66 as
step 5). The collet clanmp 52 is then raoengaged in step 6) and, 5 if
necessary, the collet clanp 52 is rotated to exgose a different
position of the cathet8f angghenpcugds to bpawadss. thecaldgthrdampss2| s

then mo}/fad hori Zoﬂ.baik.’é!eﬁsediés téutpid apt.h Qﬁecdithétér?) & Hanghenagedt henf.
vertically to e u I eps u r t 10, often
as necessary unti Fg%ﬂ’g%‘hgh%n%*a;wpor%_ Ve %e%%ég %n%écﬁ.%?%[%r]g%%gt %ét‘er 8
is no longer capaBhe gplbekrglamp 5% dspéhepyrenengagss rig (s&eps6)annd,

0|0|OOSIt ng pi PC{sh %grﬁébéésﬁﬁy, tl;e collethelahpVs2 dbs ofdttied tof e?cbese
operation o e . r | y | Lfferent
roles served by tﬁed&?g gx&ép&%ﬁéﬁ.ﬁﬁg g%‘ggsggﬂgé%%vé)%% tﬁ?%qlg 8 i s nmaking
a cut in the cat hblafdeg38sheThe Hay blade23foigsther nanadkhorigontaddy. Wien

the cut has been jf tHBdGepth!de dift et @0 Ehahde, Candalifin &ekrtibad1{hrough

catheter 6 A or ChePABScl e il Arse"27 LRGN "8 zenesl B ough the

cl anp 52 until0 t hefkert as necergambmntdlnalinthecireisians haviesbeanpositi on

relative to the saadel egdethé. catifetr¥p i82nbelonge cfapible ©F Beihg be

di sposed snugly arggggg I‘lhf C@ﬁgefeeéd %orﬂe ssagg' n éggo %m;ntg of the
Bt Yng. Ft shod#dxgé e 5&%%

catheter 8 during . ed fromthe
description akedéerhfP-the width of a cut into the catheter 8 is 30

limted to the width ofhéhgbéve ddstiriptwchl a€etBé. operationiiotetheut
theretore Ioqy | e3athatet"Guleldle dardn @ descPfNAL L HisdliapePas! the
saw bl ade 38. WEVEr, advarterrent. does no ake pl ace I'Te making a
cut ;- : roles served by the clamp 52. When the circular saw =~
: ‘blade 38 is making a cut in the catheter 8, the clamp - '
52 holds the catheter 8 steady. When the cut has been
made in the catheter 8, the catheter 8 is fed through
20 " the clamp 52 by causing the clamp to disengage from
‘around the catheter 8. After being disengaged, the
catheter 8 is fed through the clamp 52 until the next
incision point on the catheter 8 is in position
‘relative to the saw blade 38. The clamp 52 re-engages
25 so as to be disposed snugly around the catheter 8 to
again prevent movement of the catheter 8 during
cutting.
It should be recognized from the description
above that the width of a cut into the catheter 8 is
30 limited to the width of the circular saw blade 38. A
wider cut therefore requires that the catheter 8 be
advanced slightly past the saw blade 38. However,
advancement does not take place while making a cut.
The saw blade 38 must be withdrawn so that the clamp
35 52 can disengage from around the catheter 8 while it
is advanced. This is necessary because allowing



The saw bl ade 38 nust be withdrawn so that the clanp 35 52 can di sengage

fromaround the catheter 8 while it I s advanced. This is necessary
because al | owi ng WO 98/ 10694 _

PCT/ US97/ 1630&0 98/10694 cutting of the catheter 8 when the @FCIRISITI6301

di sengaged woul d create a useless if not inprecise cut..

Anot her vital conponent of the assenbly 6 is a position sensing neans.

Wiile it is now understood 5 how the cathek®er 8 is cut, it is not been
expl ai ned how the feed _ro] | er kno en.to .eed ng the

cat heter 8 t hrougiPutkdng| gfpt g? ?Fg’ }g;?' et Faﬁ% Zﬁr%é’@?

rotate before cutwonddceorseteecs. uselagshdif not Wopdecipe emitsi.on cutti ng al so

requires precision 10 Aaeéhéicooim Uonigthent taet ghe aEéaﬂsﬁﬁ @Gy & oning
requi res sensors whi ch,can det wher € tg&lﬁr Q ter is.n relation
to the saw bl ade :98’5&?'?&°Ph§eﬁ? "éﬁﬂ? grbelﬁ%‘"t‘fﬂ%exllsrﬁ" tion to

sone control devi hew the cathétend dinands risveﬁrenotdbe%nleimimmts by 15
Sentd' ng ! he necestwtﬁb_g@aéa QLK re%:taénxbtwlaos:h&hoec, stop aééleaa e
system 6 conponent’s ncep ener a e bl oc
di agram of FI G 4cabhetex; ﬁeF%’r'thﬂt(i’ﬁg‘gﬂ'P %12 W%g"’ te%"hcﬁki/? 53 3fBvi ng
i nputs from a contB2oneedsnto8fotate mfmlmnnggcommm cdinl ywthexabl e

menber 14 and shoygp, i‘?cﬁéi&?ﬂé&tfd@ea'l%BUEeﬁﬁﬂi“Qsaﬁré’éiréi\&ﬁAf for
positioning the hor| zontg ar.row,86 which

v
desi gnat es art9 npResA&LopiH érgglrr ‘calhe r2":3(5& “at Pﬁﬁcb?et?l%s’ctl’ﬁﬁ} , and an
arrow 88 whi ch 25 reﬂps.trgsasessars iwlpiah faan detiect| vhexe tthe faathete 8r

66. Two control 3. @%at N6n Gl S ihe? W Maa@ 88! 8nd the WiRp A al SO
shown as arrows 8 res tiv 1¥> The bIockoL_[ ﬁ%'ln FIG 4
al so shows at§€Hs8F°?fé§ﬁst q"&% Png Eﬁ@’f‘?l%‘?f’ rrf‘%b tin 30
from the system 6 whdchndpozdivatss mmm of Thll componqnteﬁ mtion is

transmtted tﬁth%eemhgohhaeaaées%ﬁs signalknebCaberedyl dsat%nso t hat
it can be processeq_1 4 he sygte cosrrect conttrol signal s 8 84, 86, _gnd 88

Qan:be This concept is shown generally in the block
diagram of FIG. 4. The catheter cutting system 6 is
- shown as having inputs from a control means 80 for

20 positioning the vertically movable membexr 14 and shown:
as arrow 82, the input shown as arrow 84 for
pogitioning the horizontally movable means 24, the
arrow 86 which designates an input for controlling
rotation of the clamp 52, and an arrow 88 which

25 designates an input for controlling the feed roller
66. Two control inputs for the clamp and the spindle
motor are also shown as arrcws 87 and 89,
respectively. The block diagram in FIG. 4 also shows
a sensor means 90 for receiving position information

30 from the system 6 as indicated by arrow 92. This
information is transmitted to the control means 80 as
indicated by arrow 94 so that it can be processed and
the correct control signals 82, 84, 86, and 88 can be
transmitted to the system 6.

35 There are several alternative methods for
determining the position of the catheter 8 relative to
the saw blade 38. These devices can all be



transmtted to the system6. 35 There are several alternative

et hods for determ ning the position of the catheter 8 relative to

t he saw bl ade 38. These devices can all be WO 98/ 10694

PCT/ US97/ 1630 98/10694 12 SURGdewiae as t he
sensor nmeans 90 of FIG 4. The first device is an electrical
conduction sensing circuit 100 shown in block diagramformas FIG 5.
It is sonmetines the case that the matla3ials used in 5 catheters 8 are
el ectrically conductive. Furt her por e, saw bl ade 38 can al so be

el ectrical |y concdiikgtituted aschheBgRsT J“ead’ﬁ % RE FRE-shw bfBRle 38 into
cont act wi t heddst Qevdeet iscanat¢hedtaridhl aondastlibni sehéing

conpl eti on of an i, lo [ V. a

sufficiently sl O\Aﬁ&(si% Eag‘q’no i"taf)aﬂa i }?I*’?&P dl%efé%ﬂt agtﬁef h ih

catheter 8, the riﬁréﬂm%f’- Sn?%%? B@‘%meiéaésr'ﬁ%ﬁie%ke poi nt so
t hat the saw ddttbtels 8a arheeheueﬁ:.d:&H}p remmeiucidwez onFatthermaktest ance

to mke the desi it Gihy phage 38 aiglﬁs@@ c%%%%&%?“é&h&@c%émd of

posi tion sensi ng i ment detecti on
means i s coupl ed Q@%%%Ybl 98%“5:8“9 the saw blade,38c1RBEP| SPPtALS 102
can be coupl ed t owitit hstre tdmductzvdrcathg}:emmaaw&eeﬁlthﬁnsehe bl ade 38, or

the spindie 20 ety 338l 886cEPcal Tbidcit " hSmobiia a0

detection nmeans 10Z2°°S any sSui en a
draggi ng ford@ | ss%'hé&ﬁﬂeeﬁéd spffigkently %Jmlm &G’e338n°FoF°e%'ﬁ=}9@Y one
device for this make monrast with the geetHetays @ycehewhomenteaures t he 25

torque |oading ofeddiciah Yol GhedUid IR Fint so thar WS 7 .
shows a rel ated rretw,\% of p03|t|og sensi %: I'S t?‘Puse %_,gtatlon
detector neans 10WWuRiadedf-cas ’m’é?fg hg BFPegaPPFAFOPERDI ut i ons of

t he saw bl ade 38 disstance ttisemapentlhe desinsed Iduat.ed vertically and slowy 30

advanced horygontal |y prdlf h shbsPapder cldillive metiBANBE Posiid | 0N of-
&Pfhblﬁge 38 mnllséﬁé%ﬁé. In this :ﬁg ngﬂﬂt%%khgilggge agWeen the blade

detection means is coupled to the saw blade 38. The - : .
drag detection means 102 can be coupled to either the
- driving means 104 of the saw blade 38, or the spindle
20 32 of the saw blade 38. In other words, the drag
detection means 102 is any suitable device for
detecting when a dragging force is encountered by the
saw blade 38. For example, one device for this
purpose is a torgque transducer which measures the
25 torque loading of the shaft which turns the blade 38.

FIG. 7 shows a related method of position sensing
is to use a rotation detector means 106 which detects
even slight partial revolutions of the saw blade 38 as
the spindle is oscillated vertically and slowly

30 advanced horizontally. With the blade 38 not

spinning, rotation of the blade 38 will occur when
slight contact is wmade between the blade with the
catheter.

A final embodiment for detecting the position of

35 the saw blade 38 relative to the catheter 8 is to use

an optical detector 108, as shown in block diagram
form in FIG. 8. The optical detector means 108 is



cat heter. A final enbodinment for detecting the position of 35

the saw bl ade 38 relative to the catheter 8 is to use an opti cal
detector 108, as shown in bl ock diagram formin FIG 8. The optical
det ect or neaNso RIS WO 98/ 10694 PCTAUS97/16301

PCT/ US97/ 16301 : 13 di sposed such t hat
It can detect contact between the saw bl ade 38 and the catheter 8.
There are various opti cal devices whi ch® can be used to i npl enent this

detector 108. 5 _, e ct. of the i [ ' ' dto
the various sensi ﬁdsﬁgﬁﬁg%gﬁge‘ﬁ? el cfgjo%%?g‘:t gg?wégmén%'fé%nﬁ?% s it
i nportant to knowsewebpedet 38nard thee cathetigrage Blaere (2¥e VRWOUSIPOrt ant

to know the degregpefical dew®adés Ghhidie ddmde vlel 6 imslemsrrortrdmodi nent s
10 .above are inhge%nt %éra?hg to conpensate for the wear whi ch t he

bl ade 38 will exp&F-EFCE: Ot her words, , hone of the nethods for
determ ning tHe exact Poei aspact of the tinvemtion whick|is Fplatedk $emtion

that. the size of tpe vhﬁoﬁhaéénﬁﬁac?' MRS 190N desbkibed dlbve ans @hatb
enbodi nents 90 account for .saV\{:bla e

38 r.b nam I nation
of position whi ch™% RBtYpited "mpolﬁ?r_g'm%%e ¥nkge Az/se]‘?tolf"(i'{ gﬂ? ?gx\%‘ bl ade
38. Instead, billagdes chubr it obs cekag Mimporkpas tonkaew the wagreengde,
<\’:1/nd_ adj ust __t]be Eosieta&?afOEgéhsmaeﬂeﬂ& &f the sensentdmicdineraecor di Sr;gAl v

ari ations of_  the preferred, t_.are . an
9B whi ch showt ha § are lgﬁgﬁ%ji‘@r?eb ¥ t‘?z?ﬁ‘é‘é%%%%é?b |fé|}%dae can be
seen i n Fl G whichytheabladeris stiddoexpsyience. 110 jethey wax@dsi.ded with

a slot 112 therei johel ofURREr hétkodd Eor detexinififg ©Ohé readieippeitibhe sl ot

112 gui des and hol gs t Qe th r .8 _hefar | ftar _cutting.
Hol di ng the cat hel"%r tgenBE'agﬁl ggaﬁef °nm§s‘e a%?@‘g?g%&ﬁn&ﬂggﬁ% nsg',zebﬁE
prevents damage t &hehbladehdBeis rapstant3o AdlgRE BRASSRSF occur. A
movabl e cl anpigg EaEbaiméhés 90 acdouityiflor Ba®kl BRa@e 0¥8 Gashrt dyt her eby apply

force to the £ALRSEChebethl St ich YA 28R GRTCH s ABE lbaktd =
on a predefined size of the saw blade 3B. 1Instead, - -
the sensors 90 determine when contact is being made,
and :adjust the position of the blade 38 or the
20 catheter 8 accordingly.

‘Variations of the.preferred embodiment are
illustrated in FIGS. 9A and 9B which show that the
clamping means 52 has been modified. As can be seen
in FIG. 93, a stationary support surface 110 is

25 provided with a slot 112 therein for supporting the
catheter 8 from below. The slot 112 guides and holds
the catheter 8 before, during and after cutting.
Holding the catheter 8 not only allows more precise
cutting, but prevents damage to the catheter 8 which

30 might otherwise occur. A movable clamping member 114
or anvil is also provided to thereby apply force to
the catheter 8 which is clamped between the anvil 114
and the slotted support surface 110. FIG. 9B also
shows that the anvil 114 has a mechanism 116 which

35 allows the anvil 114 to move vertically with respect
to the support surface 110.



and the slotted support surface 110. FIG 9B al so shows that the anvil
114 has a nechanism 116 which 35 allows the anvil 114 to nove vertically

. With respect to the support surface 110. . WD 98/ 10694
PCT/ US97/ 163G#0 98710694 14 PCT/OES?16307
Illustrates a nodification to the spindle 32 and saw bl ade 38
arrangenent shown in FIGS. 1A and 1B. Specifically, a plurality of saw
bl ades 38 are shown as being nmounted i parallel on the sane spindle
5 32. This also nmeans that the saw bl ades 38 are , necessar, |
coaxial. It is also pr&Brraf ihiystyates a medifirabionseo Hehe spin ‘%’&rre

dianeter so that 32 and sawdbYadelcds sawydrgetendSshokrsin FEEPLr1A ﬁﬁicBl on in

t he cat het er th e | I
apparent that if tlf%e s%ﬁ%gh él%f t%gﬂ:sd V\%¥ saw ﬁ&%&]&é‘eﬁe%
det achabl e fromt rw@%eénbsmsm%%aﬂ in PaBP&&Gé gr the \same cﬁm'{%ilérs
m ght be nmountsed @2.t hehis alsanmemps rtHat Thet gascblades a38 ansé st ent

pattern of %%\ﬁ%%%@gxdﬁﬁ%ﬁ{ﬂt dﬁ:Ot:.@S 31%5 Breferr%:é hééﬁhhi{]om a

cl anp nmechanism 1 use onjyunction w
nul tipl e saw bl adéasgblades,38 hgys "c#e Iﬁaﬁe Feam?ﬁ@rcﬁ‘an%'%Mm sm 120 is
capabl e of hol di nginlisddaalesaw b:nacpé B8 mslkiese at Beeper ifédisidrerinS the cut

by the plural ity Qlaciaiil) §96Rad®ny be Wie® othedCOTRbRSYSS, Wt ek N0, o

cl anpi ng surface avin epr essi on_or el ving the
catheter 8. CHupl ke EBPPAKENE| Ehﬁ'—nbfs"thq Fpdndles3Regy the B@prblﬂjieﬁ% The
leaf spring 126 | sgeme easilyf detachalsdee fron theesgstiaf emln{e:i (yaﬁ.e t he

gg Bgﬁlgrcﬁl ;? tzg tmla%&' Bfl 2‘;2%’653’%"“%%%% %hhtﬁés te ?arrpl n surface
122 conpl etel y t hr®n SPHE dieadpi ¥R achievig @ SANSAREODE tRREEHHEICL| de 136
~are a plurality ofeuts hasﬁngsdisﬂetm atepuiise cl anp fingers 132) t hr ough

which 30 t bl 38 t het
¢ neg saw bl aggs, S“n %g%.@on@ﬁaﬁ? C3g shoidiget ef

8. The fingers 128 of the Iea are p| cal y space apart a
di st ance whi ch ,E;QQmngd in conjunct on with the multiple saw blade 3

assembly of FIG. 10. The clamp mechanism 120 is
capable of holding a catheter 8 in place while the
catheter 8 is cut by the plurality of saw blades 38.

20 This is accomplished by providing a clamping surface
122 having a depression or slot 124 for receiving the’
catheter 8. Coupled to the clamping surface is a leaf
spring 126. The leaf spring 126 is comprised of
several fingers 128 which force the catheter 8 to

25 remain in the slot 124 while it is cut. Disposed
perpendicular to the slot 124 and extending from the
clamping surface 122 completely through the clamping
mechanism 120 to a back side 136 are a plurality of
slots 130 (which make clamp fingers 132) through which ~

30 the saw blades 38 are extended to thereby cut the
catheter 8. The fingers 128 of the leaf spring 126
are typically spaced apart a distance which is equal
to the spacing between the plurality of slots 130.
This ensures that the saw blades 38 do not

35 inadvertently make contact with the leaf spring
fingers 128 while cutting the catheter 8.



to the spacing between the plurality of slots 130. Thi s ensures that
t-he saw.bl ades 38 do not 35 I nadvertently make contact with the | eaf
spring fingers 128 while cutting the catheter 8. WO 98/ 10694
PCT/ US97/ 1630 w0 98/10694 15 PCT/US97A6300W t he
catheter 8 to be fed through the slot 124 in the clanping surface 122,
t here nust be a mechani smfor raising the fingers 128 of the | eaf
spring 126 fromoff the clanping surface 1235 FIG 5 11A shows a

plurality of holes 134 thro h the cIaaB % mechani n112% ne hol e
134 per clanp finger ow hihe cpthetgy 8 taRe R nor e
i mportantly, the pbmoallzg ix thes lclampdng36uvnface 122, 1ﬂunnndmbhrbaga t he

hol es 134 from theg geﬁ&u‘égdefaé@ﬂsﬁg thtehe;ﬁgée@ IR W ichn fedsgto the

cl anpi ng surface 12 ver arnlor ot her

I's not_sho .
mechani sm mhlEﬂré?ﬂu}?§u£;REH9fpr§ﬁe %gﬂﬁiﬂﬁLﬁ%HqQQF d42pusKifods
136 when the clap mkahshowsnd Aluralityt ofichelies0l34 thmbiuwghnghge t he cl anp

and move, the cat et hmiing Snechantsnf udo, 13nla5h8fe'ii4‘§£ﬁ]f’“d1 BpOle1 AGE "

alternative I nventi on e ver i ca

novabl e menber 14 F%zshoﬁﬂgfwﬁﬁﬁufhﬂmﬁtﬁ@Fs§h53%PQWﬂ3ﬂ7 nd mogrey)| es |t to
have di sposed t her émpotbantily, Azt pluyrality obvalsle roeishans #hichach havi ng

s 0wn ass0Ci at edeaalhdOenhbge wife BoAUSS1EH- ercHlicneHACA! H3HL 998 {.gs the

catheter 8 to be sinu neousl % cyt at eren .circu erent
defined pointd%n Fhe clAmRigchanismd20,tg #ﬁ GLamping, SUrLpLe E%%ful
maki ng cuts in Whaathstmms sﬂuwmhlhaalmgvenlarmnarlauhem omechahbsm25

Tt e e PSR Bl 0 el e
defined as having & ﬁoY#?E) he | ap’ mec 11 rﬂﬁﬂ1QHtFH°FﬁB EBindle for
t he saw bl ade 30 disepdage tthe etlampt Badphavenehe axtheterveértically and
horizontal |y ggvable ”Eﬁi?@rsa.zﬁéi% A& a\mhsbfdtiw dfishother a&&éeﬂsewé the
Cg;{ﬁggf?;lﬁncggﬁgl mbo {ggﬁt of the presgng 1ﬁ§ééé¥%n. S%hvevergi flthe-

: ~movable member 14 is shown having another shape which
enables it to have disposed thereon two horizontally
movable members 24, each having its own associated saw =

20 blade or blades 38.  This embodiment enables the
catheter 8 to be simultaneously cut at different
circumferentially defined points on the catheter
surface. This is especially useful in making cuts in
catheters which having multiple incisions. for

25 example, on diametrically opposed positions on the
catheter 8.

It should be noted that while the preferred
embodiment has been defined as having a horizontally
movable member with the spindle for the saw blade

30 coupled thereto, the placement of the vertically and
horizontally movable members can be switched. 1In this
arrangement, the horizontally movable member is
coupled to the base member and the vertically movable
member, and the vertically movable member has a

35 spindle rotatably coupled thereto.

An alternative embodiment of the present
invention uses a lever arm which is capable of



menber, and the vertically novable nenber has a 35 spindle rotatably

coupl ed thereto. An alternative enbodi nent of the present

i nvention uses a |l ever armwhich is capabl e of WO 98/ 10694

PCT/ US97/ 163@Q4 esr10694 16 NPCTNOSHT/16301 at

| east two degrees of freedomso that it can nove vertically and

hori zontally to position a spi ndl e end. Anot her aspect of
the invention which should be 5 clarifiedéis that rotating the catheter
is not limted to using a rotatabl e clanping nechanism For exanple,

the clanp can be mowvsmentatiablas dgasti twngdegkres of freedgp) €0t Haatatthet er

f eedi ng mechani snudp dRtetvaricieally afidt ket iontaildyt kenpbetogegeat he cl anp
to make 10 additi onaéEl i nci(ii ons. Furthernore, the clanp and the _

cat heter feeding M%an be rotated t oget her . before_additional

i nci sions are nade. Another aspestnefitae ipventsion whighi RReuldbei ncl ude

the subsgi t ug]oF fed IO EhARC RoBatRhg Cthé | detHeterr usenbt 1bimivedt he

rotating blade of the presentl e . i_rent o] le, a
| aser can be pr ov?‘ae'bsﬁb? a r“%%@?%néi?ﬁ?g&rﬁ%g‘%ﬁs gﬁ?c%x%éi@nbunt ed
on the syst enhe clamp can be spporatatableand disepgagrdt teot ati ng

bl ades 20 are nojnibfe N/ dathetel FeehfngCnécldridin Wo ebtags the

utilized. Conventioned "saw ng" a i ded. .

It is to be under5?@6ﬁt?’ﬁ'ata.r%éfh%k‘ogg-gﬁégg?ia%%% St é:r?bg'é?lrérents are only

i | lustrativelof taddippdnahtingisionsei Frethermens) dheoclape ppdsthe
invention. Nunergggheter Fewhino leichanisindcan tiss nadtiatedatbaegheent s my be

devi sed by those skilled in.t. rts Witk i .Ng fromthe spirit
and scope of the g?tgﬁﬁta‘ﬁ*/ée’h. |§'n.g'n\&gt}'8#%egg%§§ndc#e]’d clai.ns_are intended
to cover such 30 nodiAltexnaliivena#pgectangénthe sinvention include the

substitution of a non-mechanical cutting instrument
15 for the rotating blade of the presently preferred
' embodiment. For example, a laser can be provided for
cutting through materials which are wounted on the
system. o :
It should also be realized that rotating blades
20 are not the only type of mechanical blade which can be-
utilized. ' Conventioned "sawing" blades can also be -
provided.
It is to be understood that the above-described
embodiments are only illustrative of the application
25 of the principles of the present invention. Numerous
modifications and alternative arrangements may be
deviged by those gkilled in the art without departing .
from the spirit and scope of the present invention.
The appended claims are intended to cover such
30 wodifications and arrangements.
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17 What is clained is: 1. A systemfor formng at |east one
preci si on cut in an el ongate object such as a catheter or a 5

gui dewi re, wWhaY@PBilsMe precision cut is generally at anPEHYFY/16301
transverse relative to a | engthw se axis of the el ongate object, said
system conpri si ng: a securing neans for repeatedly rel easing and
then holding the el ongate object in a positilddh 10 suitable for cutting the
el ongate object at an angle or transxgééﬁ%y relative to the | engthw se
axi s; - a mani pul ati ng neans for t he el ongate obj ect so
that it can be di sgaaedisnclabmédsSidg: on suitable for cutting when it

s rel eased by the 15 pogiLignifg FASng?0f 1cast one hetididhdogpans for
form.ng the at |easSt one preci sion cgt oin the é?%n&gie 5Bject 0 any
desi r ed dept hin ag e}ongate,ohjgati SYchy3cem GRERRESHAQT i claim 1
merei ?t, the cgh;iatagiﬂﬁfrk&txéﬁi&h%ecpﬁfabisea?acmargs g_e!iferiﬁm.}l' Et .

e cutting nmeans rel atiye a . e
positioning means §&cﬁn9¥3t°%Wﬁ§giéaé%%%e%§%gg%$§u od r%%ﬁ?qﬁiigga a angl e
~or transversely 250f theaelqrgate hieckngsahisayaten ermpisiagsngat e
obj ect . 3. The gusétwdiny Wediisd Fodekepedt edl | idl8akitee aadn

cl'ongat e obyect 13 PP REPERE tne FcRaalToRfbet M 8l bodkie™ o "Cecuri ng
the el ongate diff ecsuitable for guhtigarthepelangate raksiectc @tr aat apadetion
| east TW0 OPPOSI NG LI | aeae T Ch e e ADLE o e o o aat agai nst
tﬁgselongatgpobjegt mhi%ﬁﬁ$%¥$ﬁéﬁkﬁgédmggxg %ﬁgre'gﬁﬁigﬁé%ﬁﬁghgﬁget%e
el ongat e obj ect | nPBBEFE. so that it can be disposed in the position

suitable for cutting when it is released by the

15 positioning means; and
a cutting means for forming the at least one
precision cut in the elongate object to any desired

depth.

20 2. The cutting system as defined in claim 1 wherein
the cutting means further comprises a means for moving'
the cutting means relative to the elongate cbject
being held by the positioning means such that the
precision cut can be made at an angle or transversely :

25 relative to the lengthwise axis of the elongate
object.

3. The cutting system as defined in claim 1 wherein
the securing means for repeatedly releasing and then
30 holding the elongate object is further comprised of a
clamping device for securing the elongate object after
being manipulated into a correct position for cutting
by the cutting means, said clamping device having at
least two opposing surfaces which are movable so as to
35 press against the elongate object which is disposed
therebetween and hold the elongate cbject iwmmobile.

R
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18 4. The cutting systemas defined in claim3 wherein t he
mani pul ati ng neans for noving the el ongate object so that it can be
di sposed i nvwéosrpess ti on suitable for cutting is furtperusompsossed of
a feeding device 5 for manipulating the elongate object relative to the
securing neans so as to be in a correct cutting position with respect
to the cutting neans, wherein - the mant®ul ati on of the el ongate object
i s any appropriate action which includes pushing,_ pulling and 10
turning the el ondate TBEefuthing S¥stam s defdped in glaim g Band the
securing neans. the man3pulltinginesigs Bt aivvdnagdehenelondgatd abjettwher ei n

th | [ devi hS.fuLt ' fs ' th
el g dovi co g0, e, LF  Ogh, BY WAL s BALC pbpledch Sl | 0€
while the cuttindo¥esusting 1$sf%£éhﬁﬂquNH§¥§F6n5 ta Eﬁfé&ﬂg device g The

cutting syst en a¥olcwmanégulatihqgithd eliongate dbjectheelativengardies i S

| ected f th [ .SLi . hani cal
biade and o Hededifioheans of 44, ) EF ?‘2‘3;:%2??%%522&&'%? n claime

wherein 25 the ROBi&APBaFibhBRsPect fodheg ARghEeRSy phsrein

rrechglni gal bl adexheoa@anipulgtdbn rot hen@lodgatkadbject is asyy non-rotating
saw bl ades. tL] i kaed,.LN: ¢l ai awhereisn 30

t he securing rrear???’rt?ﬁggﬁng%i %ﬁ?%?n@%e?a%%ﬂgnggt ﬁgkﬂlﬁé' c’%ﬂ)[l]iln r?ggns are
novabl e and ®curtaimdngn thepsiprgafe objeqk WitheTBERECE LRI ot her, "such
that the el ongat @uttingohieans and tise pashidimeedebns.cutting at a desired
angl e by the securing nmeans and the nmanipulating neans 35 wth respect to

the cutting neans. ' . . ) )
5. The cutting system as defined in claim 3 wherein

the clamping device is further comprised of means for -
15 rotating the clamping device while it is holding the

elongate object immobile and while the cutting means

is cutting the elongate object. . = :

6. The cutting system as defined in claim 1 wherein

20 the cutting means is selected from the group of -
cutting means corisisting of a mechanical blade and a
laser.

7. The cutting system as defined in claim 6 wherein

25 the mechanical blade is selected from the group of
mechanical blades congisting of rotating saw blades
and non-rotating saw blades.

8. The cutting system as defined in claim 1 wherein
30 the securing means, the manipulating means, and the

cutting means are movable and securable in a position

with respect to each other, such that the elongate

object can be positioned for cutting at a desired

angle by the securing means and the manipulating means
35 with respect to the cutting means.

T
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19 9. The cutting systemas defined in claim3 wherein t he
cl anpi ng device is further conprised of a collet clanp. 5 10. The
cutting systewossi1068i ned in claim4 wherein t he feedi MRCTMABIVREE S
further conprised of a pinch roll er assenbly di sposed adjacent to the
cl anpi ng device to thereby feed the elongate object to the

cl anpi ng device. 10 11. The cutting sy%?en1as defi ned in clain110

wherein the pinch_toller, assenh LqCoaPL d a
first wheel for s pporgﬁﬁgcgéﬁl?%r%XSQE?rﬁglagfgggd ﬂd?iééﬁ (ﬂn ?ﬁ?ﬁ?o nove
to the clanpi ng means &henclampi®@ cl anpi ng neans is di sengaged;

a second wheel folgesieyiBIfarfREE Coduprited of aCyblleti pj ect to
thereby hold it against the first wheel, thereby providing friction to
push the cylindrical object to the clanping neans; and 20

| ever arm coupd ed 10 t FBebgubting sy5tan iafy f:.neényn glaie & whereis the
second wheel at atlmveblaal ddev:.ce I enfithex & ﬂgse&acmac c,eﬂ bet ween

e v a0t U SRt e Wb B B

t he systen1|s f ur tdeaiceohpr thexeky QFQﬁHﬁhﬂ'eﬂeaﬁétﬁoﬁbJECt an&hﬁﬂ nlng an
extent of wear of diampihghasvcee. bl ade such that it can be replaced to
t her eby presggve 30 precision tolerances in a depth of a cut in the

el ongat e obj 13. A nethod for form ng at |east_ one precision cut
in an el ongate objldot FhehcuttingAyaten ag dgiipedgimdelaime 10 mhexedar at us

including a clanpithe genchReroller adiemily s Faedhes éhpeisumaea object to
the clanping devicg, (and 3,4l A Woppseritchis"ediing the
cylindrical object to move to the clamping means when
15 the clamping means is disengaged;

a second wheel for app;ylng_a force to the
cylindrical'ohject to thereby hold it against the
first wheel, thereby providing friction to push the
cylindrical object to the clamping means; and

20 a lever érm“coupled to the base at a pivoting
end, and coupled to the second wheel at a movable end,
wherein a spring means coupled between the lever arm
and the base member provides the force of the second
wheel.

25 .

12. The cutting system as defined in claim 6 wherein
the system is further comprised of a sensor means for
determining an extent of wear of the mechanical blade
such that it can be replaced to therxeby preserve

30 precision tolerances in a depth of a cut in the
elongate object.

13. 2 method for forming at least one precision cut
in an elongate object such as a catheter or a

35 guidewire, the apparatus including a clamping device,
a means for feeding the elongate object to the
clamping devicg, and a cutting device, wherein the

R
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20 cutting device nakes at Ieast one precision cut in the

el ongate object which is generally at an angle or transverse rel ative
to a | engt hwwoesaess t hereof, said met hod conpri sing teerasbeisserof : 5
(1) feeding the elongate object to the clanping devi ce; (2)

mani pul ati ng the el ongate object into a position which is suitable for
maki ng the at | east one preci sion cut 20herein; 10 (3) engaging
the clanmping device so as_tq securely hold t he el.ongate object in the
posi tion whi €ft ‘F@%Lﬁﬁl"a"{ﬂee‘“PGFscﬁFﬂ?@St one precision gukiHy thee at

geast one preﬁ|5|e&bmgatelhhdaet wh;chlb@ggéﬁ&tﬂm}yﬂat &h angle otfb)
. . ;
| sengagi ng t he C&ﬁ&ﬁé&&é@éﬂggs%gecu?sa Lengtindide %augje Sk2PSadd)

t hrough (5) until in ong

conpl et ed. thod compxrigingoEheofkeR® P ecision cuts in a 20
catheter, a 5 gw deMl)r ceedingt bhe gbomgate \olsjdotndbi ek ebamsisg

sai d systen1conpr a base nenber; a vertlcally

novabl e menber sllda coupl.ed_to, 25 the base menber ;
hori zontal | y novabl e déﬁbéﬁnﬁav 1a5ingskhe glongate ohjegkdinteny slldably
coupl ed to the vepdsitaidly which devstitabberbfsr making the at 1&ast e

rot at abl e spi ndl %ﬂ£§§9 t he spi ndl e end; at | east
one circul ar_saw f@ e di's osegHgg §9&oaX|aIIy on the splndle a
drive neans *Bupl ed to(:"c)h@n&agﬁ@&sl: enelapping device pgragotating the at
| east one circul csecaely ddd 8he elongatte ddljgrthdnTeheeposdtpied to the

base nenber and whicﬁ“fguﬁﬂT@aBQetESfeéﬁ%£§H§¥‘3 a cl anpi ng nmeans to engage
(4) making the at least one precision cut in the
elongate object;
- 5 (5) disengaging the clamping device; and
(6) repeating steps (1) through (5) until all
desired cuts in the elongate cbject are compléted.

14. A system for forming precision cuts in a

20 catheter, a ' '
guidewire, or other generally cylindrical objects,
said system comprising:

a base member;

a vertically movable member slidably coupled to

25 the base member;

a horizontally movable mewber having a spindle
end and being slidably coupled to the vertically
movable member;

at least one rotatable spindle disposed through

30 the spindle end;

at least one circular saw blade disposed
coaxially on the spindle;

a drive means coupled to the at least one spindle
for rotating the at least one circular saw blade;

35 a clamping member coupled to the base member and
disposed to thereby enable a clamping means to engage

S
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21 the cylindrical object while the at |east one circular saw
bl ade makes an i nci sion therethrough; and means for feeding the
cylindrical obBWeow106% t he - cl anpi ng neans. 15. ThECEHY8178630% s
defined in claim214 wherein the vertically novabl e menber
has a first vertical coupling face and a first horizontal coupling
face, and which is 10 slidably coupledix)t%k base nenber at the first

vertical face. T Ln_cl n115 .eln he
hori zontal ly 15 nﬁ&‘gbfzglﬁgﬁﬁﬁéyi % g’ %&ehgpf"z%%t 225 d'rf’&%é

wherein the hor|zoﬁﬁulb}aﬁﬂvvbkﬁﬁrﬂﬂﬂiﬂci&§Qﬂ FB§§¢9hr°u9thiﬂﬁ ed at the
second horizontal coupl hIEﬂnEaE@rtﬁeéding the ¢9Lin€aidal renfevte veekher at

the first horizonta C ng face. 20 17. The system as defi ned
in claim1l4 mherelﬁﬁfﬁglng ngné cl anpi ng nmeans I's rotatably disposed
within the cla®ing nenber to thereby enable the clanmping menber to
rotate within 25 ishe whanay@ﬂe:ﬂwsaeaﬁeaxaﬁselam 4 hdrednegae of the
cylindrical object to the E st one circular saw bl ade. 18.
The system as defined i REEFAFHT 27 wherein the 30 cl anpi ng neans

is conprised of a wovhblecwembper has whdriaist vhetheahscouplingofakecandg t he
cylindrical objectateitBe Eb2i%ddtaAl cou PmaglsfaeeﬂSaﬁmuﬁséu Q@ri cal obj ect

thr .OUQh a cl agal ng 1%3?2}9' gﬂgéﬁ.et&]%oc c‘:tseaggmbe:r.5 at the %stlge system as

defined in cl
vertical face.

- 16. The system as defined in claim 15 wherein the
horizontally
is movable member has a second horizontal coupling face,
wherein the horizontally movable member is slidably
.coupled at the second horizontal coupling face to the
vertically movable member at the first horizontal
-coupling face. -
20 . .
17. The system as defined in claim 14 wherein the
clamping means
is rotatably disposed within the clamping member to
thereby enable the clamping member to rotate within
25 the clamping means and expose the circumference of the
cylindrical object to the at least one circular saw
blade.

18. The system as defined in claim 17 wherein the

30 clamping means
is comprised of a collet clamp, and wherein the means
for feeding the cylindrical object to the clamping
means feeds the cylindrical object through a clamping
hole in the collet clamp.

35
19. The system as defined in claim 14 wherein the

clamping means

(IR



cl anpi ng neans WD 98/ 10694

PCT/ US97/ 16301 22 I's conprised of:

a slotted horizontal surface for supporting the cylindrical object
from bel ow, owo 9810694 a novabl e cl anpi ng nmenber di sposegcehsymeidic 5
slotted horizontal surface for applying force to the cylindrical

object to thereby hold it against the slotted horizontal surface while
the cylindrical is being cut. 10 20.22The systemas defined in claim
19 wherein the , s) ot t ed hori zontal surface is nore

speci fical |y conpri%eePmriged of:singl e depression from which the

cyl i ndrical object & alottledehoriyontak sfadedfor sapporingpethé ed by

20 wherein the has a sl ot cut
therein for engagi ng 20 WAVabd@ CAARPERS %}‘1&1{ dispased abevweethehol d and
pL event damagest hesbbtted ho:;czﬁﬁtaiheuﬁﬂséer&cm aisp‘wig@ Ebrekate &Hela\l\herel n
t he nmean e cl anpi ng
means S corrp is%‘c? gif%al %Sﬁb%gr%ﬁ tﬁé’(}éﬁy%ﬁ% d'% Jagggage Eﬁgadj acent
the cl anpi ng menbe® ?WQ%WW&@&I puEface whijsg ﬁéﬁ é’éﬂhaéféé@ltbst he
clampi ng neans. IPeingdIbut.The system as defined in claim22 wherein the

pi nch roller assenbly is nore specifically conprised of : a
first wheel for supporting and forcing the cylindrical object to nove
to the clanpi A8 s i system e éﬁﬁh%?@gmréﬂrﬁm 39dwherginecthe

a second wheel for applglowgzed force to the

horizontal surface is more specifically comprised of a

single depression from which the cylindrical object

can not easily move when force is being applied by the
15  movable clamping member.

the 15 novabl e clgﬁ)imir&rpgﬁect frolﬁlbeirng ma%em as defined in claim

21. The system as defined in claim 20 wherein the

' movable '

clamping member has a slot cut therein for engaging - . -
20 the cylindrical object to more securely hold and

prevent damage thereto.

22. The system as defined in claim 14 wherein the
means for
25 feeding the cylindrical object to the clamping means
is comprised of a pinch rollexr assembly disposed
adjacent the clamping member to thereby feed the
cylindrical cbject to the clamping means.

30 23. The system as defined in claim 22 wherein the
pinch roller
assembly is more specifically comprised of:
a first wheel for supporting and forcing the
cylindrical object to move to the clamping means when
35 the clamping means is disengaged;
a second wheel for applying a force to the
cylindrical object to thereby hold it against the

* c L M S *



cylindrical object to thereby hold it against the WO 98/ 10694

PCT/ US97/ 16301 23 first wheel,

t hereby providing friction to push the cylindrical object to the

cl anpi ng neanwp 98/iske4 a lever armcoupled to the bayeraisemeeivoti ng
end, and coupled to the second wheel at a novable end, 5 wherein a spring
nmeans coupl ed between the | ever arm and the base nenber provides the
force of the second wheel . 24. Zhe systen1as defined in claim
14 wherein the 10 _, ten1further I ses a sensqr neans for
det erni ni ng an ext%%ﬁsqjﬁheEE hieereRy Rﬁﬂyﬁﬂ?nﬁég FCBﬁQnCFQCRHﬁﬂ they bl ade.
25. The syst em as aidfimixicad objeot o \ihe ailampliegliieans; andensor nmeans i s

conprised of an el ectrlacq_levggng%té&;bfgdl%dﬁgzh@ bﬁﬂétat a ] %rpéj to the
at | east one C|rcul [ sa blad nd tth Qﬁ#&y g rical éYéh whereln
the cylindrical t °°up neRicths £ w Fﬁlc"i“l’cﬂl‘i‘ Te iy

position 20 annwhddeimgansgnsnngsanB1aﬂugﬁa& betweencthe lever armconplete
when the at |east Opf el piba’ mefter ' PWirides tﬁ@”?érb@t&'%%}c olid h the

electrically conductive cylindri‘cal object The system as
defined in claim»S%erein the sensor means is - conprised of
a mechani cal drag detection means coupled to the at | east one circular

saw blade by the gjd Vi e systoRdls dbeddtd 3B Bibtn B9 wherefsy cnfh® system
as defined in clai'm?26 wher g@{@ X mechani cal drag detection neans is
r

conprised of 0 r oSYESEER means whi ch nonitors rotation of the
comprises a sensor means for determining an extent of

wear of the at least one circular saw blade.

25. The system as defined in claim 24 wherein the

15 sensor means is
comprised of an electrical conduction sensing circuit.
coupled to the at least one circular saw blade and the
cylindrical object, wherein the cylindrical object is:
conductive, and said circuit notifying a position

20. controlling means when an electrical circuit is
complete when the at least one circular saw blade
comes into contact with the electrically conductive
cylindrical object.

25 26. The system as defined in claim 24 wherein the
sensor means is

comprised of a mechanical drag detection means coupled
to the at least one circular saw blade by the driving
means or the spindle.

30
27. The system as defined in claim 26 wherein the
mechanical drag detection means is comprised of a
rotation detector means which wmonitors rotation of the
at least one circular saw blade, thereby determining

35 when contact is made by moving the spindle up and down
while advancing toward the cylindrical object.

R 0 R LT



at | east one circular saw bl ade, thereby determ ning 35 when contact is

made by noving the spindle up and down whi | e advanci ng toward the
cylindrical object. WO 98/ 10694

PCT/ US97/ 16 %&i98/10694 24 Xcrridoneest em as
defined in claim26 wherein the mechani cal drag detection nmeans is
conprised of a torque detector neans which nonitors a change in an
anount of torque required to turn the at Rdast one 5 circul ar saw bl ade.
29. The system as_defined in claimz24 wherein the sensor means is

conmprised of an ®ti

cthe pystemopsnaghined igglaim 26 whegeigapheet ween t he

at | east one cirmethanixzal kiradedetdction wékens )is rebriprde@bbeca. - 30.

The system as de%&
circul ar saw bl ade

el AP al=CRI B it lors a change $8°5n 10 1D

S nore speciftica

y_ conpri se

circul ar saw bl afeuntyRf doraugereguired ¥ fn the asuAeasdti enearal l el and
coaxi al | y onst hectitcular |smasblade.spi ndl e, and wherein each of the
plurality of circular saw bl ades has a sanme dianeter. 20 31. The
system as defined in claim30 wherein, the cl anpi ng neans S

conprised of a ctAnpi
a depression is 25

extending fromt

The fyater agvArfined in claimy 24 whgreinstheace wherein
ghryms egahBeigacr oss for partially receiving and

hol di i gh | ' ' : I | ] f sl
it ending 1 1om (FeuEraad 8 'aﬁaL’PQS*F?EE%e‘%ﬁ%°urgmaa‘%a%%égst%{-‘%f@g Rl ng

back side; 10 gap betwesy tigr phgleash| erpe iainavday sapi

aderande for 30

forcing the cyl itk i cflimiyieal obfecthe depression and agai nst the

cl anpi ng surface;

30.

a plurality of access holes in between the

The system as defined in claim 14 wherein the at

15

least one
circular saw blade is more specifically comprised of a
plurality of circular saw blades, wherein the saw

blades are mounted in parallel and coaxially on the at

20

25

30

35

least one spindle, and wherein each of the plurality
of circular saw blades has a same diameter. ' C

31. ‘The system as defined in claim 30 wherein the

clamping means
is comprised of a clamping member having:

a clamping surface wherein a depression is
disposed thereacross for partially receiving and
holding straight the cylindrical object;

a plurality of slots extending from the clamping
surface through to an oppositely facing back side;

a leaf spring coupled to the clamping surface for
forcing the cylindrical object into the depression and
against the clamping surface;

a plurality of access holes in between the
plurality of slots and extending from the back side
through to the clamping surface; and

a plurality of push rods, a single rod disposed
within each of the plurality of access holes to
thereby 1lift the leaf spring from off the cylindrical

A



plurality of slots and extending fromthe back side t hrough to the

<l anpi ng surface; and 35 a plurality of push rods, a single rod
disposed = within each of the plurality of access holes to t her eby
lift the | eatwopsrioesy from of f the cylindrical VO 98»a1r6Sey/16301

PCT/ US97/ 16301 25 obj ect when the
cylindrical object nust be mani pul at ed 32. The system as
defined in claim31 wherei n the 5 fanpi ng nenber further

conprises an actuabl,e rrea f pu t hrough the
plurality of acceég’ ﬁ{’e C;ﬂt’f% iﬁ’&jeggl '%B%f’otﬁ is to be

mani pul at ed. 10mﬁpu1‘§hedsyst em as defl ned in claim14 wherein the
system furt her corrpri ses a posi t i on determ ni ng nmeans for determ ni ng

a position of the ¢ ndri cal Obj ect Iat ve t st one
circul ar saw bl adé’ Fﬂ'ﬁt SYfEe 'f}e?? ﬁgéﬂgl 2 b ‘?”é S he

hori zontal l'y rmvabl e nmlbmpmgmember be p05| t i oned correctly for makl ng an
nesion. 20 furbherS kohfPl s (8l 'é&.‘ﬁdﬂlectnélhﬁhlﬂo lﬁiih nbhﬂle )
system furt her ris e ori zqnt a movabl.e avi ng
a spindle end and pé’sli’ogp EE:F"‘&QSRJ qﬁf %e?ﬁcess h‘?#gs H@’ﬁ ontally
nmovabl e nenber i s the dyilindriopl embmct is tmbehmanxpinlaﬂteioupl ing face to

the vertically novable menber at the fi rst hori zontal coupling face.

25 35. The system as defjned i t system
furt her npridses TRSs BYAEFR ?%t‘%ﬁ’lﬂtﬂe;a 8uf 8a‘“t 84 eﬁ‘?fr’hcﬁhée end
of the second hori zont aysgemofabtemenber, and

comprises a position determining means for determining
a position of the cylindrical object relative to the
at least one circular saw blade so that the vertically

15 movable member and the horizontally movable member can
be positioned correctly for making an incision.

34. The system as defined in claim 14 wherein the

_ system furthex

20 comprises a second horizontally movable member having "
.a spindle end and a horizontal coupling face, wherein -
the horizontally movable member is slidably coupled at
the horizontal coupling face to the vertically movable
member at the first horizontal coupling face. -

25
35. The system as defined in claim 34 wherein the

system further

comprises a spindle rotatably coupled to the spindle
end of the second horizontally movable member, and

30 having a saw blade mounted coaxially on said spindle.

36. A method of cutting a catheter, guidewire or
other
cylindrical object when using a cutting device which
35 includes a vertically movable member with an
associated horizontally movable member having a
spindle coupled thereto, a circular saw blade

A



30 having a saw bl ade nounted coaxially on said spindle. 36. A

net hod of cutting a catheter, guidewi re or ot her cylindrica
obj ect when using a cutting device which 35 i ncludes a vertically novable
menber with apoesrosesessoci ated horizontally novabl e menber pevisgnan
spindl e coupled thereto, a circular saw bl ade WO 98/ 10694

PCT/ US97/ 16301 26 rot at abl y di sposed
on the spindle, a clanping assenbly f @6 hol ding the cylindrical object
while the circular saw_bl ade makes an incision therein, and neans for

advanci ng the cyl rogatablyodjeeesed amdhe spindie. sa elamping mesemblyd
ColrrprijS! ngI t hg_ st oy Bblding the cylinddicali dbjece Memh e difieu la.rb_
cylindrical objec . far .adv t [ obj ect
to the cl arrp}’sr‘_ilﬁJ ﬁ%‘%ﬁg &gﬁﬁ%pyééﬁﬁl%%gﬂgkggﬂﬂr%%wﬁg fo%%} ect; 10
(2) engaging the @dyAapriganthescwkindrdl objectchoi e iclampigicect ;
(3) agvgnm Bg g heﬁhaﬁszoahel YRGS adtnf lrri;%lmg_ f the sStepﬁlQ%! eg cutting deptﬂ
t owar ut beneath the ic ect:; . advwanci ng t he
vertically novabl e man‘fs-é? prg%‘thj’pr&gvérad%i?% %%etéf“(%%}faqd%é?}#l.bl"g’a@cguts t he
cylindrical objecto &he means for gdyanaine thg crbindriezhiobieaty &9l e
menber. 20  37. théhelampliifnd weanief idiryl davatbih Sfe WAET Midyilda _
met hod conpriéﬁgc he additional steps of: 1) disengagi ng the
cl anpi ng nmeans fr SM&FGANd t he . cylindrical object; 25 2)

advanci ng theé&ylindri d8) epgaging Hihe Glappdng means a¥ound rdens; and
3) repeating stepgydinditiedlhobjesd; cl ai m 19.

(3) advancing the horizontally movable member a
desired cutting depth toward but beneath the
cylindrical object;

is (4) advancing the vertically movable member
' ‘upward until the circular saw blade cuts the
cylindrical object; and

(5) lowering the vertically wmovable mewber.

20 37. The method as defined in claim 36 wherein the
" method '
comprises the additional steps of:
1) disengaging the clamping means from around the
cylindrical object; '
25 2) advancing the cylindrical object through the
clamping means; and
3) repeating steps 2) through 5) of claim 19.

38. The method as defined in claim 36 wherein the

30 method
comprises the additional step of rotating the clamping
means to thereby rotate the cylindrical object clamped
therein and expose a different portion of the
cylindrical object to the circular saw blade.

a5
39. The method as defined in claim 36 wherein the
method
I
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38. ‘ The nmethod as defined in claim 36 wherein the 30 net hod

conprises the additional step of rotating the clanping nmeans to
thereby rotate the cylindrical object clanped therein and expose a

di fferent poWQo8il06%4 t he cylindrical object to the cirBQI/Es97863¥ bl ade.
35 39. The nethod as defined in claim36 wherein the met hod

WD 98/ 10694 PCT/ US97/ 16301

27 conprises the additional step of dt at i ng the cl anpi ng nmeans

and the neans for | | is hC ' h pL Ng
means to thereby Fggé?gg%%%ﬁé]%&}:iﬁ I%%é:;l %ngoBf eg&{ﬁ%’,%%&%_%%%‘é‘ﬁ%méo
expose a 5 di f PERRFtandEhe mesns; £or:advaReing thajadindsicad

cihrcul ar sawhbljadebject to e clampibthmdans teftherebyn ratatce &ﬁevv;lerei n
t he met hod 1 . ' : L 1LQn : 1 :
di sengagi ng t he c[ggllﬁq%l)érée%ﬁ%?%% %qghi’bazé#?%%%?i% et’ﬁ?g ®fedns for
advanci ng the5 dlggﬂilf?ﬁﬁ iROAtiom; oft the Frbtindyicak abjeche toyEhadri cal
obj ect cl anped theifcdlio sapadade.different portion 15 of the

cylindrical object to the circular saw bl ade; and 3)

engagi ng the cl anpi ng neans. 41. A systemfor form ng precision cuts
ina 20 caffet eFhe gnethod ag; defiped #p olaim I%ewbexrip Eheindrical
obj ect s, sai le€ly6ad em conpri si ng: a base nenber; - a

hori zont allylpvag+§pﬁ§é%§t ia%%%g*%.fﬁéf%teﬁ%% t he base nmenber;

a vertically nova I having a ¢
1) disengagihg the clamping means;

2) rotating the means for advancing the
cylindrical object to thereby rotate the cylindrical
object clamped therein to expose a different portion

15 of the cylindrical object to the circular saw blade;
' - 3) engaging the clamping means.

'4l1. A system for forming precision cuts in a

20 catheter, a y _
guidewire, or other generally cylindrical objects,
said system comprising:

a base member;

a horizontally movable member slidably coupled to

25 the base member;

a vertically movable member having a spindle end
and being slidably coupled to the horizontally movable
member;

_ at least one rotatable spindle disposed through
30 the spindle end;

at least one circular saw blade disposed
coaxially on the spindle;

a drive means coupled to the at least one spindle
for rotating the at least one circular saw blade;

35 a clamping member coupled to the base member and
disposed to thereby enable a clamping means to engage

[
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and being slidably coupled to the horizontally novable menber;
at | east one rotatable spindle disposed through 30 t he spindl e end;

at | east one circular saw bl ade di sposed coaxially on the spindle;

a drive neargos@iegdscd to the at | east one spindle f or PCTIUSKIII6MGL t he at
| east one circular saw bl ade; 35 a cl anpi ng nenber coupled to the
base nenber and di sposed to thereby enable a clanpi ng neans to engage
WD 98/ 10694 28 PCT/ US97/ 16301

28 the cylindrical object while the_at |east one circul gr

] saw
bl ade makes an i bBEsFyhindri@ahoRiget while the at lepst,ons,cireudar, (he
cylindrical objeghwt Blale makes crarmicigionatherethrough;42ndrhe system as
defined in claimal WighilNedeeding the ¥fLingAlcdl objedttdPigenmenber
- has a first vertical coupling face aﬁh a tfirst hori'zontal coupling
face, and whi ch €3ampingsPea@Hi y coupl ed to the base nenber at the first
vertical face 43. The system as defined in claim42 wherein the
hori zontal ly 15 va gpﬁ 1 HER0PH BP4iw UM 3haUiR i@ face,
wherein the horifggta?ng ggva éﬂﬁéﬁ%%} as sI?dany coupled at the
second hori zontal couPPFR4CREE® to the vertically novabl e nenber at
the first horizogiowable membewp hax & First2@erticalldcovplsing dimceoantor m ng
precision Cuts 11 g;rge horizoﬁ@éfeéo%?_léﬁg £ace JUASEWH o Qls Ot her

enerally cylindrical objects [ stem conpri si ng;, 2 o a
gase rren%er?llo s.‘n.:!.clablyJ coupled to fi‘le ase member at the %11'8%

vertical face.

43. The system as defined in claim 42 wherein the
horizontally

15 movable member has a second horizontal coupling face,
wherein the horizontally movable member is slidably
coupled at the second horizontal coupling face to the
vertically movable member at the first horizontal
coupling face.

20
44. A system for forming precision cuts in a

catheter, a
guidewire, or other generally cylindrical objects,
said system comprising:

25 a base member;

a lever arm coupled to the base member at a
pivoting end and capable of horizontal and vertical
movement of an opposite spindle end;

at least one rotatable spindle disposed through

30 the spindle end;

at least one circular saw blade disposed
coaxially on the spindle; :

a drive means coupled to the at least one spindle
for rotating the at least one circular saw blade;

35 a clamping member coupled to the base member and
disposed to thereby enable a clamping means to engage

T



a lever armcoupled to the base nenber at a pi voting end and capabl e
of horizontal and verti cal novenment of an opposite spindle end;

at | east one rotatabl e spindle disposed through 30 the spindle end,

at | east one WO saw bl ade di sposed coaxi ally on t¥cr/ossrmebe;

a drive neans coupled to the at |east one spindle for rotating the at
| east one circul ar saw bl ade; 35 a cl anpi ng nenber coupled to the
base nenber and di sposed to thereby endBle a clanpi ng neans to engage
WD 98/ 10694 ' ; . PCTLUS97/ 16301,

29 the cylinf?t c%’fl%rbc}rélﬁalmﬁppgc't: néhije Ite%esta%l-&?a&zr ff Fircular,,,
bl ade makes an i ncfavdnladrmakesoaghingigion therethreughs and feeding the
cylindrical object to tmans forclfeeBifg FB&éylindrical object to the

clamping means.
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