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15 extending force for supporting the blood vessel are known
in the art. Selfexpandable articulated stents are
described, for example, in U.S. Patent No. 5,104,404,
entitled "Articulated Stent" to Wolff. Balloon
expandable articulated stents are commercially available

20 under the trade name Palmaz-Schatz Balloon-Expandable
stents from Johnson & Johnson International Systems Co.

In conventional stent mounting and securing
procedures, the stent is usually first slid over the
distal "end of a balloon catheter so that the expandable

25 balloon is disposed within the longitudinal bore of the
stent. The stent is then crimped or pinched to mount or

secure the stent and maintain its position with respect
to the expandable balloon as the balloon catheter is
advanced to the target area. This crimping is often done
30 utilizing the fingers or a plier-like device to pinch the
stent. One shortcoming of this conventional mounting and
securing means is that it often produces irregular
distortion of the stent which could cause trauma to the
lumen being treated. Another shortcoming is that it may
35 weaken a portion or portions of the stent which could
result in stent failure. Yet another shortcoming of
conventional mounting and securing methods is that they
may distort the stent in such a way as to cause the stent

to expand in the target area in a non-uniform manner
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> c; emaéehk'?ﬁc@d portion of the lunmen not being properly supported.

ﬁMlﬂ tion of the stent could produce protrusions in the stent
whi ch cou se trauma to the patient. - Therefore, it would be
hi ghly desirable to have a nethod and an apparatus that permts a stent to
be secured over the expandabl e balloon of a balloon catheter w thout _
causing irregul ar, di stortion or _weakening the s t.

SUMMARY OF THE I'vteriqayld result injg P‘gr’éjn"%b?é&meoflﬂ“ﬁfg?]ﬁ%ggﬁ?ygn to
provi de an appargidiseflof sappaorited.a stent on a bal |l oon cat heter by

substantially uniformy dk%%og Eggeghghé£@95min of convert ilcha@not her
object of this invention t0 providée an appar at u% for secur] r;%oa stent on a

bal | oon cat het ermquntting:¢odesechsingkeetheds iHhatriemilare i short18RpaAd in
a nonuni fr m MW .stent could blrolific¥eprafpiditsnHhyjreaheofstidhits whighnt i on
to provide a net hodld?f securi g\%r“a sten&gon a, bq;lol oon catheter that reduces
the |ikelihood tFHHY (FRUSE TR *Be B REWEN by the securing procedure.
It is a further object of Thersfomeenit oworbd gy \higghlan dgsgaekilestbohave
securing a stenty gacholAbhAOBnCabELSEus COMNY Idrflits a stent tB)be 2 1St
cl anpi ng portion provided Wltﬂ aTirst clanping portion recess, sajd first
cl anpi'ng porti ofSFEEESs O¥rT ot neFRARIARE {%‘lﬂé’@é‘l o& 7 ?FE&IPOBI‘F a]g“ﬁ'@er '
sl eeve; 10 ~ withput easeimydirtegypliayy dictioradopr ovi dedkanihgatlsecond

cl anpi ng portiog.Lgeess, said second clanping portion recess sized and
adapted to recelve a stent

Lt com ng of -gonventional nounting and.securing nethods is

OBJECTS AND SUMMARY OF THE INVENTION

It is an object of this invention to provide an

15 apparatus for securing a stent on a balloon catheter by
substantially uniformly distorting the stent.

It is another object of this invention to
provide an apparatus for securing a stent on a balloon
catheter that reduces the likelihood that the stent will

20 expand in a nonuniform manner.

It is yet another object of this invention to
provide a method of securing a stent on a balloon
catheter that reduces the likelihood that the stent will
be weakKened by the securing procedure.

25 - It is a further object of this invention to
provide an apparatus for securing a stent on a balloon
catheter, comprising:

a) a first clamping portion provided with a
first clamping portion recess, said first clamping

30 portion recess sized and adapted to receive a stent
crimping sleeve;

b) a second clamping poftion provided with a
second clamping portion recess, said second clamping
portion recess sized and adapted to receive a stent

35 crimping sleeve, said first clamping portion recess and
said second clamping portion recess defining a

longitudinal stent crimping sleeve channel having a
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crinping sleeve, said first clanping portion recess and said second
changkaghgm%ﬁk Bcdgecgss defining a Iongltudlnal stent crinping sleeve

ch - 3- ~ variabl e cross-sectional
di rst and §éld second clanping portidns adapted for
an direction away from each other to a first position and

in a second d|rect|on toward each other to a second position to

sel ectively inmpart pressure to a stent crinping sleeve disposed in said

| ongi tudi nal stent crinping sleeve channel, said clanping portion recesses
si zed and adaptearléblerﬁmosﬁn&?Qquthuﬁlﬁaﬁt§Fenﬁaeﬂngﬁrﬂg andesaidthanne

has a SUbStant'§EE¥n&'éP&$§¥n§"ﬁE¥ffﬁﬂ§'d@ﬁ%keﬁ'ﬁsﬁtﬁbvemgﬁﬂ saig fixst and

said second clanping portions are in _said second 903|t|on c)
a stent crinpi nglfg?%%%%no?%()s@%?"? ach @theri ki AgtirskvRoshbinrand diy
sl eeve havi ng aaf séebn@ﬁﬁhreca:fcﬁcmaiﬂﬂ,ea&h other sdriagecombasltivrer
surface def|n| n |nal st.ent_ cri [ 0 e i d
Iongltudlnal stg%tg%#gh lve %) TPy aﬂfssugge? ? Eg?ﬁp éf}&ﬁ{%ﬁ”&leéﬁé
vari abl e- substaﬁ%$n¢$9dcnnc3ﬁxﬂ longidudinadt soant qramm@@g skrews zed and

adapted to recegNgndel baééﬂprbl %)thEBnarééégﬁeMﬁé‘&i eI Rpresi d
stent crinping_sl eve f1§% ted.to selectjvel subst anti.al ly
uni formy vary Qi %rubssat t °§'I919F 1 PAd SFeREr GELTRERY | V‘?jlcj’r?é’t”&l of
sai d ‘| ongi t udi nzs st entbstemitipildy bareularr espasses¢ ol qraels Siramerdyey i ed to
said exgernal %%%.d‘)ffﬁ“@'tdaﬁﬁeFélﬁrégpbr?@ éiﬁ@/%e&r?bsal %]plsf 08l 5n

cl anpi ng portion secon anpi ng portlon rst clanpi ng

d sai
portion and saﬁ?ia;ﬁﬁﬁﬂnélHﬁﬁFﬁbobortlon are noved in said second
direction. It €5 stal été‘tﬁmtcfhﬁfmplbjge(ﬁleféfvet lAispbBe¥d@nihO8ai®

provide a ”Ethe§1ﬂ%1ﬁ80§£éé$hfgh53§§? f% %&%@behﬁgbgggaalgfgéé %ﬁéﬁﬂ bor e

on a balloon cathe conpri si ng constructing
an appar at us cBnﬁ??%‘i‘%ggnda 3% sctur(ﬁrarﬁﬁirrfg"cﬁor?Pénaﬁrbvﬁlﬁ’édSWf#F% first

cl anpi n§ defining a longitudinal stent crimping bore therethrough,
said longitudinal stent crimping bore having a
selectively variable-substantially circular cross-
sectional diameter and sized and adapted to receive a
balloon catheter with a stent mounted thereon, said stent
20 crimping sleeve further adapted to selectively and
substantially uniformly vary said substantially circular
cross-sectional diameter of said longitudinal stent.
crimping bore in response to pressure applied to said
external surface of said stent crimping sleeve by said
25 first clamping portion and said second clamping portion
when said first clamping portion and said second clamping
portion are moved in said second Adirection.
It is still another objzct of this invention to
provide a method of securing an expandable stent having a
30 longitudinal bore on a balloon cacheter, comprising the
steps of:

Ca) constructing an apparatus comprising: a
first clamping portion provided with a first clamping
portion recess, said first clamping portion recess sized

35 and adapted to receive a stent crimping sleeve; a second
clamping portion provided with a second clamping portion

recess, said second clamping portion recess sized and



' portlon recess, said first clanping portion recess sized and adapted to

- bwdnpﬂng sl eeve; a second clanping paortion provided with a
sec H ortlon recess, said second clanping portion recess sized
~and adapted t® receive a stent crinping sleeve, said first

cl anpi ng portion recess and said second cl anping portion recess defining a
| ongi tudi nal stent crinping sleeve channel having a variable
cross-sectional dianmeter, said first and said second cl anpi ng portions
adapted for novenent in a first direction away from each other to a first
position and i nadapeedntiodreeeivom ttedtd cxideRisgheteeven SRESELRISI ti on

to selectively k:'mab&ngrﬁéfwﬁx tQd g SMd %%t'lﬂpbagoﬁHGQY&inﬁé)q&%tldh said
| ongi tudi nal stent crinplLng, sl eeve channgl, _sai ﬂ i on recesses
si zed and adapt€&°§8stﬁ§fléé?% 4cﬁRﬂQHﬁﬁqﬁﬂals?éﬁPtCFggﬁP g s? TVE channel

has a substanti ahhynelr halfiig 4 casristdld erassdiseret enalhébasetel f igaid and
Said Second ol agpi0g BRETLONY SUodd Adnfhi3ECRRYCRARL! LeLbe s SESNT, C1 T ITPI NG

sl eeve having a first end; surfac an i nner
surface defun|ngoaemengl1@dﬁrﬁﬂrsﬂe§ﬂra9ﬂ1@plﬁgamoféomh@a@bh¢%hgﬁlq&nﬁ ng a

sel ectively varEabbe soost Ao iAld WLl %'éb@hd%i%écéf@ﬁl oo rdlicdad er and
si zed and adapt to receive a cat hete fent mount ed

Chorgon sar 4 sSEnE £5 st B B R arEnLP. SaLptbive Ty SR RHar o
substantially ube forstenty anyimgaing sdbsvandispogedi i aid draygsitswdnadnal
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applied to said external surface of sald-stent crinplng Sl.eeve b¥ sald
first clanping PSTIGT éﬁ&egaﬁﬁdsééﬁﬂﬁe%I%ﬁnﬁnﬁf F§d drngitudina
di sposi ng sai d sstequtt cerimpphggsséeey echanrssl thast entsubstaptmglisj/eeve channel ;

c) disposing %@'r@ui%?nt:rbgss@égt:’é?{ﬂ il géagpfﬂgspoglﬁeof sai d

stent crinping sl eeve; osi ng sal d | oon_cat heter in
sai d | ongit udi fat9pSrECRE %%ﬁTP%ﬁﬁﬂﬂprQ&ﬁﬁs are in said second

15 position; a stent crimping sleeve having a first end, a
second end, an outer surface, and an inner surface
defining a longitudinal stent crimping bore therethrough
having a selectively variable substantially circular
cross-sectional diameter and sized and adapted to receive

20 a balloon catheter with a stent mounted thereon, said
stent crimping sleeve further adapted to selectively and
substantially uniformly vary said substantially circular
cross-sectional diameter of said longitudinal stent

crimping bore in response to pressure applied to said

25 external surface of said stent crimping sleeve by said
first clamping portion and said second clamping portioh;
_ b)  disposing said stent crimping sleeve in
said stent crimpi.g sleeve channel;
c) disposing said stent in said longitudinal
30 stent .crimping bore of said stent crimping sleeve;
d) disposing said balloon catheter in said

longitudinal bore of said stent; and
e) moving said first and said second stent
clamping portions from said first position to said second
35 - position so as to apply pressure to said external surface
of said stent crimping sleeve in an amount sufficient to

decrease the substantially circular cross-sectional



ey m‘d—’rﬂ—sf—and sai-d second stent cl anpi ng portlons from sai d

. fi rp};gssgg%ﬂ_l;s |d second position so.as to apply.-pressure to said
exte sal d stent crinping sleeve i'n an anmobunt sufficient to
decr antially Circul ar cross-sectional
- 5- f sai d | ongitudinal stent crinping bore in an anount

suff|C|ent for said inner surface of said st ent crinping sleeve to inpart
sufficient pressure to said stent to secure-said stent to sald bal | oon
cat heter. It is a further object of this inventio .ﬁrqglde

an apparatus for dedetiengof seédt lopgitihinadoPted FSEEPIE, F?sf‘ (
a) afirst cl afﬂ&ioﬁh&tpghfflf%léﬁul Fér asdid Sinned agrifageporft sahdr ecess and a

d cl t d
et and Sald SHORGRE AAEER PO LIOR Y CULNCSL b FERG e Fongtrad nal

stent crinping elszrent tohapnekewsabd astentr itablsaick @@sllmt cenheteramet er,

said firstgand sald secongclgnpi Ag-pold | SR AUYH UhilOLnTRHETBAl cb 3
first direction away fromeac er to a first position and a second

di recti on towar d FEg¥Adst Bar aPBaﬁa@é%oW iﬁfsﬂlﬂ%a stent on ay all‘éo
plurality of cri saithgtekemesiprdsspesed W thin said | ongitudinal stent

crinping elenent channel defining Oe 8 St ent mcr| rgo o%erngH ngeklpgen ng a
variabl e cross-sectional df mat% sal a] arad & crinpi ng el enent s
adapt ed for novefBATPLRgapPrEsen diecsss cﬁnda\ﬁaysem@ﬁh €AamPHREPO¥BIQR i r st

posi tionignd in ﬁaGEﬁQnQ Qéé&&ci 'cﬂrhntﬂ.\&@r @o%%not'raeésgp 8a 5@ CONEsPQfrid | on;
and c) _a,sten rg:n ng sleeve. di sgosese i d. 1 ongitudi nal
stent crinping sPabye® Gh‘?ﬂfﬁ 1 “Wd\%gné’oi PR T=ERESS] g%ﬁ’orhjcf‘%n an outer
vial |, and an i nnkengietiydidefl ratrqagxtactra\mgnngdehamebor@hamletwmgh havi ng a
sel ectivel y var I@ﬂﬁﬁ@%@&l 3k 16hEE UL REmEE OS5~ SRE 1400 dlgamatar, said
cl anpi ng portlons Sal Siamplng portions adapted for movement in a first
15 direction away from each other to a first position and in
a second direction toward each other to a second
position;
b) a plurality of crimping elements disposed
within said longitudinal stent crimping element channel
20 defining a stent crimping sleeve channel having a
variable cross-sectional diameter, said plurality of
crimping elements adapted for movement in a first
direction away from each other to a first position and in
‘a second direction toward each other to a second
25 position; and
_ c) a stent crimping sleeve disposed in said
longitudinal stent crimping sleeve channel, having a
first end, a seccnd end, an outer wall, and an inner wall
defining a longitudinal bore therethrough having a
30 selectively variable substantially circular cross-
sectional diameter, said clamping portions said crimping
elements, and said sleeve adapted and disposed so that
when said first clamping portion, said second clamping
portion, and said plurality of crimping elements are
35 disposed 1n the second position, said crimping elements
define a longitudinal stent crimping sleeve channel

having a substantially circular crosssectional diameter



el enents, and said sl eeve adapted and di sposed so that when said first
.clanping portion, said second clanping portion, and said plurality of
“crinping elenents .are di sposed in the second position, said crinping

el ements define a |ongitudinal stent crinping sleeve channel having a

substantially circular crosssectional dianeter and said
| ongi tudi nal stent crinping bore defines a |ongitudinal bore having a
substantially circular cross- sectional dianeter. It is a yet

anot her object of this invention to Erovide an, apparatus for_.securing a
stent on a bal | oonandatdiet dongiemdingingtent crimping pore J&Rings & anping

portion and a sec & N0 H¥et haWin§ah dsiibgtsdntcl £y RY. rawrlirorross -
provided with a fITst sur ace, a second surface and a third surface

defining a first cfedpidplpsti@msterecess, said second cl anping portion
provided with a first surface, a second surface, a third surface, a fourth
surface andsa f1fth surface del) i 9a.a.a6CR00 SO ALM! NE RAiS Ahved€dsh. co
said first and said second ¢ aﬁplng por?lon recesses deanln% :

| ongi t udi nal st entPxXeVigs Ay APPRNSEUShARKeFeCH YT 2 S HbI® & gﬁé&&?,“ sai d
first and said secofhetd AN AGLNGENs adapted for novenment in a first
direction away fromeach other to a.first.positiaqn and | S
direction toward each ot her ¥o aas§&5ﬁé cb%%?%q%NEOE%IOHIgnéaab%%gggdfirst
crinping el enent dilspusied wotrhiens asdid ohirs di iampiste porEdionpPrgVéfedent

channel saj ©irst,6H @irdgse! SIBRACH! 0¥ sladbild tdurFaldel shaCki BRiLAG el enent
contact surface,. a second crinping elenent contact surface, a first_.
cl anpi ng portion CHALAEE SEFFRLRI Anth &S StPATPIReNBCAG 18R eEFE8% 20Nt St
sur f ace; secpnd alsepimg mortnjpmerevided: wdtspastirsk t surfas.d a
| ongi t udi nal Ste“EeEBHHDé£¥k£%%?nQ§'uhf%ﬁ %u%@ﬁ@@g a fourth .surface and a
fifth surface defining a second clamping portion recess,
15 said first and said second clamping portion recesses
defining a longitudinal stent crimping element channel
with a variable diameter, said first and said second
clamping portions adapted for movement in a first
direction away from each other to a first position and in
20 a second direction toward each other to a second
position;

b) a first crimping element disposed within
said longitudinal stent crimping element channel said
first c¢rimping element provided with a first crimping

25 element contact surface, a second crimping element
" contact surface, a first clamping portion contact
surface, and a stent crimping sleeve contact surface;

c) a second crimping element disposed within
said longitudinal stent crimping channel, said second

30 crimping element provided with a first crimping element
contact surface, a second crimping element contact
surface, a first clamping portion contact surface, and a
stent crimping sleeve contact surface;

d) a third crimping element disposed within

35 said longitudinal stent cr.mping channel, said third
crimping element provided with a first crimping element

contact surface, a second crimping element contact

\

Chis Sheet Has Beep Re

MGG



crinping elenment provided with a first crinping el enent contact surface, a
second crinping el enent. contact surface, a first clanpi.ng portion contact
surface, and a stent c¢rinping sleeve contact surface; d a
third crinping el ement disposed within said |ongitudinal -stent crinping
channel, said third crinping elenent provided with a first crlnplng el enent
contact surface, a second crinping el enent contact

- 7 - surface, a second cl anpi ng portlon contact surface, and a stent
crinping sleeve contact surface; - .. a fourth crinping el nt
di sposed within SBFERF®NG tIRAING QﬁﬂﬂﬂlqgfpﬁﬁFﬁﬁncﬁaﬂﬁ%?t LW AU a
crinping el enent gt@ﬂtd@ﬁhmpiﬂgétﬂédvﬁ coritkRitnguekacent contact surface, a

second cri npi ng el enent contacté}ii %SF nieggrglgkggplggséggéd(uleﬂigtact

surface, and a stent crlrnﬁ & “Cont- ace, sai
el ement s adapt ed Saldnbmngmﬂudlnakisuann qnum@cngonhamayl f$®%@é%@ﬁ? her to

a first pogition apdnbing SEGRAIME ﬂ&xﬁ@é&’@zﬂtﬂ"‘@r@%rgécl@r%ﬁﬁ&g L ehetRCONd

position, said stent” crinping sleeve.contact surfaces def |n|Q%§$ st ent
crinping sl eeve cRARFRFE ENTIRFS ParSeaond CrEERIRECEIBMENt CRBASer that is
substantially C|rewfﬂaedWEﬁlééndhd|dhwm@nmgyp@&tibnnpongaetemmwﬁaremwand a
di sposed in said 1t a t oL

sl eeve di sposed i n sal % g’%%%%qﬁaeﬁ%stcgﬁ#agﬁ suf%%fe eée%/gé]c o r#%mgnsal d
sl eeve ‘havi ng a felepents a R&&goﬁéreﬁaveaﬁnéu%%ramé}ISteﬁkF%ﬁF%CWhéﬂmﬂhlI
deLn ni ng B(l): ongi tmdjlnn@admro@hte&etat alr eugbt hpys Mgl én Osfa{fcin \eelgeasar abl e
substantially cirgul ar .crosssecti ona ter said ¢ i rt

said crinping e|§ﬁ§ﬁ€§lon owgfé s?%%% %t%ﬁi%ﬂﬁf?? gE’ Qgggfhgggmhen
said first cl arrpusﬁgnpocrul@niagdsbw'de s@@mﬁbmlmm%dmfmnnare fherte
second position, csamslﬁgl 8P:8Ge SERaY LMl AGlg SUnhased1detirB8sasst®i¥nal

crinping sleeve hanne Vi ng bst ant.i II C|rc | ar [0ss- ecti onal
di aneter and sai f@ﬁ@??ug?%%Jlixﬁéb circilaf wher §aid
15 plurality of crimping elements are disposed in said

'second position; and
£) a stent crimping sleeve disposed in said
longitudinal stent crimping sleeve channel, said sleeve
having a first end, a second end, an outer wall, and an
20 inner wall defining a longitudinal bore therethrough
having a selectively variable substantially circular
crosssectional diameter, said clamping portions, said
crimping elements, and said sleeve adapted and disposed
so that when said first clamping portion and said second
25 clamping portion are in the second position, said
crimping sleeve contact surfaces define a stent crimping
sleeve channel having a substantially circular cross-
sectional diameter ancd said longitudinal bore defines a
longitudinal bore having a substantially circular cross-

30 sectional diameter.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a side view of a stent placed on a
balloon catheter before the stent has been secured to the
35 balloon;
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| omgi t udi nal bore having a substantially circular cross- sectional

di anet er. BRI EF DESCRI PTI ON OF THE DRAW NGS - FIG 1 is a side,
view of a stent placed on a balloon catheter beféGre the stent has been
secured to the balloon; =~ ™~ . 8-

FIG 2 is a side view of the stent of FIG 1 after the stent has been
secured to the balloon utilizing conventional securing nethods;

FIG 3 is a cross-sectional end view of a stent securi ng appar at us
constructed in accordance with this invention wt %I anpi g rtions
di sposed in a first or nonF&&cufitg HositF oW © Eg th
cross-sectional erdterewhef sefit ehds lsmurserrgnzq:qba:mattlhe baﬁ;ébpuctledllmng

accordance with this_inventio ing portions disposed in a
second or securi g PGS tl°8ﬁh‘ Secu%t‘n&nﬁﬁig E is a cross-sectional side

view of a stent crinping sl E&Ge Bohst? uexees iseddasiadassd WieW Phea stent

I nvention, g secultiflg § Fﬁré@u@%ﬂé@ﬂﬁéﬁe& hgy %Ic@ardghbgpwmuhstneye
shown in FIG 5; E Cross-sect.i ona ew of

stent crinping sl é&YENGAOR EsthSt}é‘ﬁdc%’WJtW HRF G015 (Saﬁsé’gtsﬁét &P 3n€ll§? ent
of FIG 1 disposedrwvnbhi-Bettirphg opos e idre; stent bei ng secured to the

bal | oon; FIG 8 i n gnd, vi ew of s FlGe 1 end F&LE 3 9ssdrons
the stent. crinping sleeve s oé\lln ]Eng?: I GS. SSan(? léng oggd géﬂ/\’/eeg étlh?e first

and second cl anpi RGCPELRY ORBPAFFHE IROFS TS L& 1§eé€ﬁ‘8réf"aﬁﬁlﬂbt oF B3 %ns

di sposed i1 a firshveht DEN-wEEhINtHy diesidingn portions dispb&ed 1in shosescdrite
stent crinping sl eeve, shown on FIGS. 5 and .6 di sposed between the first and

second cl anpi ng p%?t onst WY i’Pcﬁ%tJTO st and second cl anpi ng

FIG. 5 is a cross-sectional side view of a
stent crimping sleeve constructed in accordance with the
invention;

15 FIG. 6 is an end view of the stent crimping

sleeve shown in FIG. 5;
FIG. 7 is a cross-sectional side view of the

stent crimping sleeve of FIGS. S and 6 with the balloon
catheter and stent of FIG. 1 disposed within it prior to

20 the stent being secured to the balloon;

FIG. 8 is an end view of FIG. 7;

FIG. 9 shows the stent crimping sleeve shown in
FIGS. 5 and 6 disposed between the first and second
clamping portions with the first and second clamping

25 portions disposed in a first or non-securing position;

. FIG. 10 shows the stent crimping sleeve shown
on ?IGS. 5 and 6 disposed between the first and second
clamping portions with the first and second clamping
portions moved to a second or securing position;

30 FIG. 11 shows the stent of FIG. 1 secured to
the ballobn catheter after being secured in accordance
with the invention;

FIG. 12 shows an alternative embodiment of the
invention having a first clamping portion and a second

35 clamping portion disposed in a first position;

FIG. 13 shows the clamping portions shown in

FIG. 12 with a plurality of crimping elements disposed
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portions noved to a second or securing position; = . “FIG- 11 'shows

. the stent of FIG 1 secured to the balloon catheter after being secured in
" accordance with the™invention; FIG 12 shoms an alternative '
enbodi ment of the |nvent|on’haV|ng a first clanping Portion and a second

cl anpi ng portion disposed in a first position; : FIG 13 shows the
cl anpi ng portions shown in FIG 12 with a plurality of crinping elenents

di sposed " between the clanping portions; FIG 14
shows the clanping portions and crinping elenents of FIG 13 disposed in a
second positionpetween the clamRingspordwensiG 13 with a stent crinping

sl eeve di sposed between t éﬁlﬂgﬂgﬂgwglgggng§aMbiggt5@&t£gﬁgngdgg portions
and the crinping elenments disposed in a first or nhoh-securing position,

FIG 16 shows therEmRA MAmeiieweti AI0GL3191a@PPREE heR i} affFIHY porti ons
and the crinpi ngp&sErmsri s di sposed in a second or securing position;

FIG 17 i a cross-sectio i ew ternative nbodlnent of the
i nvention~which utilizes gﬁL ﬁ%tg Oﬁfogggfo} %ﬁt%.%aﬁ$ﬁa crl(ﬁ}qgtor and

stent positionersleeve dlSposela BetweAn shancemwevelﬁmames sectdmdtheat het er

protector and steidmPoy HRA8onsNaWl the FEEimding elements dﬂ%?os%%Blhsaan
end vi ew of then%Jrst catheter protector shown in FIG 17;

FIG 19 is an emf3&HefrdECH SEFUFLBE BPSAEHR i on of FI G 17. DETAI LED
DESCRI PTI ON OF THE | NVENTIFON. 16 shows €hé enbahioventa shaowerin eaal. bal | oon

cat heter, and C a ted on
f he ballé%n 3 pﬁpgﬁsfget Egﬁ%ﬁﬁ?2%p€t£gﬂé(¥ﬁh:%he'E}fﬁpihgnglémgﬂyg
disposed in a second or securlng position;

FIG. 17 is a cross-sectional side view of an
alternative embodiment of the invention which utilizes a
catheter protector and a catheter protector and stent
15 positioners; '
FIG. 18A is an end view of the second catheter
protector and stent positioner shown in FIG. 17;
FIG. 18B is an end view of the first catheter
protector shown in FIG. 17; and
20 FIG. 19 is an enlarged detailed view of a
portion of FIG. 17.

DETAILED DESCRIPTION QOF THE INVENTION
FIG. 1 shows a conventional balloon catheter 1
25 and shows a catheter 2, a balloon 3, and a stent 4
mounted on the balloon 3 prior to the stent 4 being
secured on the balloon 3. FIG. 2 shows the stent of FIG.
1 after it has been secured to the balloon by
conventional methods, e.g., by pinching between the
30 fingers or by crimping with a conventional plier-like
device. As shown in FIG. 2, the ends of the stent
protrude and there is some irregular distortion of the
stent between the two ends of the stent.
FIG. 3 shows a stent securing apparatus 5
35 constructed in accordance with the invention. FIG. 3
shows a first clamping portion 6 having a first clamping

portion recess 7 and a second clamping portion 8 having a

—_— T
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secured on the balloon 3. FIG 2 shows the stent of FIG 1 after it has
been secured to the ball oon_by conventional nethods, e.g., by pinching
bet ween the fi ngers Or by crinping with a conventlonal pl ier-1ike device.
As shown in FIG 2, the _end"Jof the stent protrude and there is sone

i rregul ar di stortion of the stent between the two ends of the stent.

FIG 3 shows a stent securing apparatus 5 constructed in accordance with
the invention. FIG 3 shows a first clanping portion 6 having a first

cl anping portion recess 7 and a second clanpin port| n 8 hag g.a '
10  second cl amfes§ngorLPBRIRE CRIEE TN THRFGSS hGt PPoN9r ecess 7
and the second Clp@lmllaﬁ PEELEONT I £6&SShE séiﬁfrimezlanipd.lmgl 'podtﬂlah steass 9

crinping sl eeve haslectlvel riahl 0 i pnal
di aneter. FIG ?%HB\% at 281"9?'?%‘11113?2 Ry pcorlt | gLn 92%1%&9% Eﬁaﬁﬁgi 96.
cl anpi ng porti on wa i apeeédctmvalflvarlablmcqr@@cmmgonpésd@ﬁmﬂtahl ch

provides g first Fqbeaaagﬁgwpltggt PELD: t@famgufgstpoqlﬁm BOaRE" Eh@Ns&caidl the

second cl anpi ng portlon i s adequate for inserting an unconpressed
stent crinping St@ERangnPerthen sd ehisrReTeMHiity sifedws &’PTaHHEI’s"-’TGHWG 4
shows the first ebaiRisg WRLthOPrévidss taiefiracaleachanpi DY potveen ttheof

L ool 10 3:38E0RI RS SULLNG, RSl Uheliekcd ssgmglﬁg SLAS, D2

bet ween the firsft e secon
that is |less thaf that D_S_ adgauateniar dinfeaddag ant H§C°§E§6ﬁﬂe rstur i ng

positiongpthe fi eﬁimﬁim&x@rﬂﬂw the %&@ntthermggﬂgl 61 8&Rpé NchaaHl on 8

are closer to e r th are when.di s osed LN, the fir posi tion
and, as shown i ﬁf% G%'Lﬂg (fh(f %%’ e FRRBnGLRTRENS PRHRIC drswf
srral | er di amet erse@da_lts'l@ml@gnpbm‘tﬁibﬁ 8 4f Rbe@en 3 heovad dto & segiond pUI‘t i on

6 and the SeCO“%e&Jﬁ'H&' %asee&bhoalghasesé@owecmeow HeRWeehNEhe
crinping sleeve channell 10 has a substgn [y circular _ crqsssecti onal
6 %‘Hg

di aneter. The fi e CAABPAGIPBPEF AR SESOFTd SLPERAPHGPREF 19BN 8
may be &y anged 8 mhatvasi éeysothamyshawe| bl knd@hus,o whieasdiskbkkddinnthée art

second or securing position, the first clamping portion 6
and the second clamping portion 8 are closer to each
other than they are when disposed in the first position
and, as shown in FIGS. 3 and 4, the crimping sleeve

20 channel 10 has a smaller diameter. As also shown in FIG.
4, when the first clamping portion 6 and the second
clamping portion 8 are in the second position, the
crimping. sleeve channel 10 has a substantially circular
crosssectional diameter. ‘The first clamping portion 6

25 and the second clamping portion 8 may be arranged in a
variety of ways well known to those skilled in the art
which  permits selective movement of the first clamping
portion 6 and second clamping portion 8 from the first
position to the second position, i.e., toward and away

30 from each other. In the embodiment shown, a channel 11
aligns the first clamping portion 6 and second clamping
portion 8 and external pressure, e.g., finger pressure
may be utilized to move the first clamping portion 6 and
8 from the first position to the second position. 1In

35 another embodiment, pneumatic pressure or an electrical
motor is utilized to move the clamping portions 6 and 8.

In an espeéially preferred embodiment, a pressure gauge
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- which permits selective novenent of the first clanping portion 6 and second
. clanping portion 8 fromthe. first position to the second position, i.e.,
toward and away from™each otfyer. In the enbodi nent shown, a channel 11
aligns the first clanping portion 6 and second cl anpi ng portion 8 and
external pressure, e.g., finger pressure may be utilized to nove the first
cl anpi ng portion 6 and 8 fromthe first position to the second position. In
anot her- enbodi nent , pneunatic pressure or an electrical nmotor is utilized

t.o nove the clanpin ortions 6 and 8. In especially r
enbodi nent, a pr Id% g regulator are utlffgééeko cd% ?%ﬁ.%%% amount nd

pressure regul at asf q:rze:sstwﬁel apgliedconinostiht amouimr exboiizesntnethepl | ed
In still another éargé%ldl rgan Eeanﬁ cié@ﬁ%ﬂ@nﬂof@f&@ @Ié}{g)lglgr@ohbhgegdGOﬁnd

8 are nounted on ge IS a
cross-sectional sﬁdﬂ-hﬂre\kléﬁe hingedn€e¥iffpi ng sl eeve 12 haV| ng an outer
surface 13sand an inner swrkace 1é Qeéras@gs@cttml lﬂildbalv:&iﬂemf acrl npi ng

bore 15. FIG 6 is an end vi.ew ﬁ_ % The stentucrl rgalrrf% has a
sel ectively vari a5 STBEPARE; § ??v?:l?' UPRYRF 0¥ S T A -3 S ne £hat
changes in resporse inmesxserfiatepl ¢sdef tnimpla ebbngalttmenaéxts@enél surface'
13 of the stent chij| 'iﬂg PB@SVgslz rige G”Péea{r} %n&cvnaw %'fnmthSSt@Hé

e

crinping sleeve 12 | ected froma materia Wi | sugitantlally
uni formy vary af§eRhi RFAPRIRGPLIDstMI%IR feclﬁ"d:dl"&rly 8?6%@ ®cti onal
di aneter 1f the kabgtandiadly séirdulay idiRisagcaionhd dhamesponsiat o

pressure applied, h%n%@g %ngégﬁ ure?%@e&%e@ka h?ré&%ﬂ%ecéﬁﬁTﬁégt%JE?M@ 12.

In a preferred e gp ane
shows the stent 2xtesrdbotrfacgnd3cefhsher spept FraPIngi SRS M-t hiThet he

l'ongi tudi nal st efdt&FidPidGnP?AIseng5cat bbentt epimpihdMiTee v aavasl2 shown
N FIG Sprior 1o dhestent, 4 hetDg; ¢il (REg A0 P oSl g Pal ! oon 3,

15 uniformly vary and maintain the substantially circular
cross-sectional diameter of the longitudinal stent
crimping bore 15 in response to pressure applied to the
outer surface 13 of the stent crimping sleeve 12. In a
preferred embodiment, polyurethane is utilized.

20 FIG. 7 shows the stent 4, balloon 3, and
catheter 2 of FIG. 1 disposed within the longitudinal
stent crimping bore 15 of the stent crimping sleeve 12
shown in FIG. 5 prior to the stent 4 being crimped and
secured to the balloon 3. FIG. 8 is an end view of FIG.

25 7.

FIG. 9 shows the stent crimping sleeve 12 of

FIGS. S and 6 disposed in the stent crimping sleeve
channel 10 between the first stent clamping portion 6 and
second stent clamping portion 8 of the stent securing

30 apparatus 5. As shown in FIG. 9, the first stent clambing
portion 6 and second stent clamping portion 8 are
disposed in a first position which provides adequate
clearance in the stent crimping sleeve channel 10 for the
stent crimping sleeve 12 to be easily inserted or removed

35 from the stent crimping sleeve channel 10. Longitudinal
bore 15 has a substantially circular cross-sectional
diameter D1.
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-FIG 9.shows the stent crinping sleeve 12 of FIGS. 5 and 6 disposed in the
stent crinping sleeve channel 10 between the first stent_clanmping portion 6
and second stent clanpithg portion 8 of the stent securlng apparatus 5. As
shown in FIG 9, the first st&nt cl anpi ng portion 6 and second stent

cl anpi ng portion 8 are disposed in a first position which provi des adequat e
clearance in the stent crinping sleeve channel 10 for the stent crinping
sleeve 12 to be easily inserted or renoved fromthe stent crinping sl eeve’

channel 10. Longitudinal bore 15 has_a substantlalhy circu
cross-sectional dianeter D1. FIG. 10 differs from FIG. in t at1§he first

FIG 10 differs fr%e'ﬁ'thlgmanéhﬁérﬁf@qfe rfid tHeeBecohdnptagt polanping and

the second stent clanping _portion een aned d tion.
The first clanpi n@Pé&itPof P@X%sge?n a’?ﬁfivetcﬁe S &S nfiaﬁ%szgwgor P?r(?)én

recess are sized amdreseopeaapingl yordiam etkasss t7hatndvm@ﬁ é%p@ée@lwpltﬂﬁe
second p05|t%on th%'@tléh ad es?eQPstfifﬁﬂadHJd@@b%&%@%v@l Qd&p@é&|£§ a
ar

channel 10 avi ng-a stan ly circu Cross sectlona g ter
shown in FIG 10, ithateypsps@isposed iR ECP PeFitppnt hae §Ttéﬂﬂf
second cl anpi ng pordeicond élaﬂﬁlﬁgojﬂoi‘@ﬂanﬁ)@ eindls delfiné3aothahee bt BNt
crinping sleeve 12, the stent cri sl.eev 2 0 '
causes the dianet@FvbpgtﬁeSP%ﬁb??{gh#é% ﬁﬁﬁﬁia% C#%f%gggégzgﬁglt%ﬁ%ﬁ%?er’
reduced substanti ahsyshaviioimi §IG o X0.suiss traspoaskey tock e UPEPSBYHR SRRRAIiSsh

di amet er D&o\ﬂmch b? tRsseihan aﬁ&‘%é&&ﬁ@lﬁ&ﬁ@ﬂgdpaﬂei&s D4 SADve o theG.
9. In response he

ur e- a l1ed to the ter f 13,
t he i nner surface b o %ln ars]]ta:'e (ﬂfs EBFec’iﬁmpJatb%lsfeese‘ée glu st%g%t ially
uni form pressure tstente ctieping sileexr aanuatcem@t¢sﬁedu Whigs cagses the
substantial ly U”'fégéﬂék f”UﬁthEhﬁoﬁbﬁEEdlnédeégﬂé”é%lﬂ piQly eebakl panps

with mnimal irregu I stortion o he st ent because the Ioiggtudlnal
bore 15 mai nt ai ns 58CEGHSURSERAFLS 1LY r Rt EQTRIHIL S &Y éﬁéln"dla ter when

the stent T3inpi ngidcedwe crosssectional diameter D2 which is less than
the uncompressed diameter D1 shown in FIG. 9. In response
to the external pressure-applied to the outer surface 13,
the inner surface 14 of the stent crimping bore 15
applies a substantially uniform pressure to the stent 4
20 in an amount sufficient so as to substantially uniformly
crimp the stent 4 and secure it on the balloon 3 with
minimal irregular distortion of the stent 4 because the
longitudinal bore 15 maintains its substantially circular
cross-sectional diameter when the stent crimping sleeve
25 12 is compressed and the diameter of the stent crimping
bore 15 is reduced.
FIG. 11 is a side view of the stent shown in
FIG. 1 after it has been secured in accordance with the
invention and removed from the stent securing apparatus 5
30 and shows that the stent 4 has been substantially
uniformly crimped and secured on the balloon 3 with
minimal irregular distortion. '
FIGS. 12 to 16 show an alternative embodiment
of the invention that utilizes a plurality of crimping
35 elements disposed between the clamping portions to apply
pressure to a stent crimping sleeve. FIG. 12 shows a

first clamping portion 16 and a second clamping portion
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12 is conpressed and the dianmeter of the stent crinping bore 15 is reduced.

. FIG 11'is a side view of the stent shown in FIG 1 after it has been
secured in accordance with the invention and rénhoved fromthe stent-

securing- apparatus 5 and shows that the stent 4 has been substantial I'y

uniformy crinped and secured on the balloon 3 with mnimal irregular

di stortion. FIGS. 12 to 16 show an alternative enbodi nent of the

i nvention that utilizes a pIurallty of crinping el enents di sposed between

th | t t t L ent | G 12
houe 11 ro: Per iy TR ERbe D08 SO S o € Ere R BB ¥ B

-13- 18. Firstswifagel ng, par séoond 6sustpreviWednd teh taifids §Ur§a¢¢a%b 19, a
second surface 29.c.and a t@g_{,g sgi;tﬁgni]% cg,l add 63t ckapphay portion
cranpi ng rovide

recess 66. Secon wth a first _surface 22,
a second surfacélzayplalgt npralgurmceszaro‘alée?ﬂmwfg@r fiagetoguzface #3¢th

surface 2§ defind %c’énﬁeQQB@aEéaﬁ@' ng mixtd HurReRS 247 a Tharshrfacescd9,
20, 21, conprisi e first cIa n recess 66 n rfaces
22, 23, 24, 25, %&‘“%6 Sﬁ%FPsFH #e 28 6‘% ?%tﬁ‘ Pi cess 67
define a | ongi t yhintdlonsrenessr 6 wpi n’ghelmmcecsha.r?neBOZ?"w,t RompresbRy i vel y
vari abl e cross- 3ﬂ5§'ﬂi§?k glﬁﬂsiﬁ§r§9rtlo reced %QOWﬂd'Ehglghr§§ceglﬁﬁosed

wi thin the Iong|tud| nal stent” cr I ng e enent channel Z is.a first,
crinping el ement?3292%a 38cofld ¥4 iATRY Sk itre3§ecqntnf amEH’?rp?CH@“é?%rrent
31 and ad otrt hreceespi 689 @LimNta Abndivualinali speny erempihg 28l erserpr ovi ded

with a first crhggmglei-mfmq SOUALIYAICGa T F0n e SEEOR. SILIRIg ©f e

contact surface ortidn cont surface a stent
crinping sl eeve AEFARERY - sur f ace 36 Second cri npi ng eI enent 30 conprises a
first crinping el ement coid atowaUihaeec3713n GLGHBkd igHitY teleenent

cont act surface&é%%ltuélnaﬁts%g%gp QmBQBé ef%ment channel 27 is a first
| 15 crimping element 29, a second crimping element 30, a

third crimping element 31 and a fourth crimping element
32. First crimping element 29 is provided with a first
crimping element contact surface 33, a second crimping
element contact surface 35, a first clamping portion

20 contact surface 34 and a stent crimping sleeve contact
surface 36. Second crimping element 30 comprises a first
crimping element contact surface 37, a second crimping
element contact surface 39, a first clamping portion
contact surface 38 and a stent crimping sleeve contact

25 surface 40. Third crimping element 31 is provided with a
first crimping element contact surface 41, a second
crimping element contact surface 43, a second clamping
portion contact s—rface 42 and a stent crimping sleeve
contact surface 44. Fourth crimping.element 32 is

30 provided with a first crimping element contact surface
45, a second crimping element contact surface 47, a
second clamping portion contact surface 46, and a stent
crimping sleeve contact surface 48. The stent crimping
sleeve contact surfaces 36, 40, 44, and 48 define a stent

35 crimping sleeve channel 10, having a selectively variable
crosssectional diameter. |

FIG. 13 shows the first clamping portion 16,
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contact- surface 38 and a stent crinping sleeve contact surface 40. Third
.crinping elenment 31 _is prowded with a first crinping-el enent contact
surface 41, a second crinping el ement contact surface 43, a second cl anping
portion contact.s rface 42 and a stent crinping sleeve contact surface 44.
Fourth crinping element 32 is provided with a first crinping el enent
contact surface 45, a second crinping elenent contact surface 47, a second
cl anpi ng portion contact surface 46, and a stent crinping sleeve contact

surface 48. The stent c sl eeve act s
define a stent crT ?‘rpsﬁcgongm g‘p&ﬁgnﬁefg%h ét(/l#gé 2&15% ec |vgﬁgy%é‘aa}n?§gf
crosssectional d22uTer 31, and 32 Hiepossdshovs fiest 9w mas -SeFUAGNGor t i on

16, ti hich desld- crost NeeSocand olignRicag PerbEoON
18, and the cri ?Snlg le ne'm‘a”nlg ErOVl esBl,cgcr’l% 32 disposed in a first or

non-securing poste iSrentwRrdADERgy sdesve eharrekelds t disaRgearaee
the stentscri npifige Sﬂr%ét&:.@ﬂ@aﬁlﬁehnﬂ:eﬁlpi‘éﬁéedSs@étﬁqw&.tﬁlplfrrg sleeeet mg an

uncompressed of efle P IMGR! 82Y5o1Ag LG/ B ALAN (Gl A0 cRECRY B

channel 101. As e flrst € Secon
portion 18 are crimmdnmppmxgecéﬁdapdstm osecaeng f@@@m@g mﬁﬁgenohfi

surface 34, Surfﬁi‘een%ilrea”ﬂbngﬁé Haeanéugsééf@lé’rﬁ SUHHREE 1923 mpiRGA0SS UpPON
surface 46 and surface ég r‘rB gg %ﬁ surface 42 m)§ g éHe Cri |ng

el enents 29, 30SU3f3CEnd%- 35UFEEGE 2L oHIP BI98% HROTH §UBEEFE 3 -

shows tR& fi rs?3cllmp19nggsmp¢m osuHyce He saxdorsdrcflaaaplzﬁglppingm uzlcs} and
the crinping el ggBpLSe 292 r?@v1r?gl1tk?é‘%r%%fqh§pggéﬂentﬁ 295e§ONh POSiHd on the

stent crinping sleeve surfaces define a crinping sleeve
channel 10' havf n@oaasiﬁrﬁ‘?%tqralﬁef“(?lflgupéﬁlﬁﬁgs sBEEi otthshawamdther D2
that is small erfitesn dizanpeirey portibawa i, nthé Geddnd dlwngindtpaaitdapi ng

portion 16 and C ary-an y of
ways wel | sk|||1§’§r gggiqhose sg'f)rp‘?’édé?gm?é g?%( %‘? 3 e%% sﬁsgllé@{)lggzel
novenent® of thd! § SecogdappEA§ipdr Fhensq@tarmrww Sé-l%’ﬁ?l f§rpeFeson 18
ina first dired, av,avway bhameagbrohdes ¢vinping sleeve channel 10°

having a substantially circular cross-sectional diameter
D2 that is smaller than diameter Di shown in FIG. 13.
The first clamping portion 16 and second clamping portion
20 18 may be arranged in a variety of ways well skilled to
those skilled in the art which permits selective movement
of the first clamping portion 16 and second clamping
portion 18 in a first direction away from each other to a
first Position and in a second direction toward each
25 other to a second position.
_ FIGS. 15 and 16 show a stent crimping sleeve 12
(previously discussed) disposed in the longitudinal stent

crimping sleeve channel 10‘. (The stent and balloon
catheter have been omitted for clarity.) As shown in
30 FIG. 15, when the first clamping portion 16 and the

second clamping portion 18, and the crimping elements 29,
30, 31, and 32 are disposed in the first position, some
portions of crimping element contact surfaces 36, 40, 44,
and 48 may not be in contact with some portion of the

35 outer surface 13 of the stent crimping sleeve 12 because
when the first clamping portion 16, the second clamping
portion 18, and the crimping elements 29, 30, 31, and 32
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first position and in a second direction toward each other to a second
posi tion. FI GS. 15 and 16 show a stent crin@ing sleeve 12
(previously discussed) dispgsed in the |ongitudi'hal sient crinping sleeve
channel 10'. (The stent and ball oon catheter have been omtted for’
clarity.) As shown in FIG 15, when the first clanping portion 16 and the
second cl anping portion 18, and the crinping elenents 29, 30, 31, and 32
are disposed in the first position, sonme portions of crinping elenent

contact surfaces 36,,40, 44, and 48 ngy not be in contacf with s tion
of the outer surPEReRGtRT THPSHERI taPF NG LaFBay o1 7 Deckti AMthdd e
first clanping pooti@afife 4 heeaacardmpliangpisigepar thannédB, 1@nchdhimecra Mpi ng

el ements 29, 30,
15 DEC 1999 ségstgﬁ%kégﬁy circular crpsfgegtlong%ed%%m?%e Tir%&us'

position, surfaceBeretheofivet andd segond CAémpéegineréi@m%nanérﬁhqﬂ ng

sl eeve chagnnel 1@r1!h§i/ﬂ1;|ﬁjlge1?eme?iﬂé3ta@:@ i@l lt}&aCE&QBi:fi&::Cﬁ@ﬁSé@&&f
di aneter. Thus, when, the first_ and second ortions an the

cri nping elenentgoﬁﬁEﬁ?WrtQﬂ?%|QQﬂW%%’eﬁ6ﬁts€€E LY PN, SYRERS 6 3may
exi st between t hef otherstsant a:&e.mlﬁngoélébeeslenéndrd:ﬁilhpitg'l§|£]mn&n:b2 and

crinping el emntco%@%ﬁé@egc%%o?’go 4Qi64énda8§] 48A? A&o%ﬂ?"!’i& .FJ}GFl G

16, however, when first anpi ng second anpl ng ‘portion 18,
and cri npi ng el elfenttowsyersowhgn flﬁﬁH Q?a@Phn@LEﬁkﬁkﬂﬁl + Feceoagond or

securi ngL@ostt i alampduspattishl ysal én@fcﬁimpﬁmiglgal&!n%m@ 2@Qnt3@<;t 3$w f aces
36, 40, 44, and il%g akg gontact vmtg__ﬁehe ecxo nal _ sur f.ace 3 gl
crinping sl eeve ecause su??%%%s 3 4, 41 éh& E# éPg glfé %%ﬁ

adapted to defi febatanthellyrabbiofy atiewiag edementlgonhagt nguataces
substantially gkl cubpares) ossd SEFEtdANah doaraker wiBaNhbeeft&siaL! anpi ng

portion 16, the_segond portiqn 18, and crinpin el enents 29, 30,
31, and 32 are 8?5%%%%df4‘¥?ﬂgg% JAR1ingoSiteryn. 12 BREDSse REE 3n FI G
15, wheASthe fi$&t 44 ampiddtHerte enzéd, anbdeadapved td adgfinge pordtemt 18, and
crinping el enend$imPindG1etbe %%Qnﬁglaiﬁ dhé@ ﬁdh'éhﬁéE%JEﬂéﬁhyor

non-securi ng pOSJ {1 Ci the stent cri j(? bore
irculdr cross-sectiona am

eter when the first clamping
portion 16, the second clamping portion 18, and crimping
elements 29, 30, 31, and 32 are disposed in the second

20 position.

As -shown in FIG. 15, when the first clamping
portion 16, the second clamping portion 18, and crimping
elements 29, 30, 31, and 32 are disposed in the first or
non-securing position, the stent crimping bore 15 has a

25 substantially circular cross-sectional diameter of D1.
As shown in FIG. 16, when the first clamping portion 16,
the second clamping portion 18, and crimping elements 29,
30, 31, and 32 are disposed in the second or securing
position, the stent crimping bore 15 has a substantially

30 circular cross-sectional diameter D2 that is smaller than
Dl1. Because the stent crimping bore 15 maintains its
substantially circular cross-sectional diameter when
first clamping portion 16, second clamping portion 18,
and crimping elements 29, 30, 31, and 32 are disposed in

35 the second position, the inner surface 14 of the stent
crimping sleeve 12 applies substantially uniform pressure

to the stent 4 to be crimped mounted on the balloon
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substantially circular cross-sectional dianmeter of DI. As shown in FIG 16,

" when the first clanmping portion 16, the second clanpi-ng portion 18, an

d

crinping elenents 29, 30, 31, and 32 are disposed in the second or securing
position, the stent crinping bore 15 has a substantially circular
cross-sectional dianmeter D2 that is smaller than D1. Because the stent
crinping bore 15 maintains its substantially circular cross-sectional
di aneter when first clanping portion 16, second clanping portion 18, a

crinping el ements, %% 01 %Ji*spgggd?’%lefx%dtﬁef)o%ldhcﬂ}%ls%QQB@ posi ti

the i nner surface

ent cri eeve 12 applies substanti

uni f or m pr essur €xigRing Hoxst 15 agdpsu FFﬂ%ﬁ%ﬁ1&ﬂuﬁﬂ&fQﬁ$LWh§rB&PIBﬁﬁ
- 16- cat het egecurd HHeSedewkt i Bot BRel salmé&dlcr@dne%te&mon %'l&ﬁ' g bere

15 and substantially uniform crl and cure the stent he b
catheter on whi ¢If '¥%£ ﬁ%‘uﬁ%@ ﬁrﬁ?ﬁ\’fﬁ’l’ ‘{Jrsrté?jiﬁlﬁn G tEBFtF "ﬁmt')ff1

stent 4. 5

FI GS. FI@st 0119tehmw siow | drerailatd nra tdvizo éimbe d i ment

nvent i on | n WhidHh il 1hSkn€LRCLAT WRLSh oF B AL S5eRRACERL B ©

prot ector and stent positioner

|ze rotect “the ca

nd
on,
aIIy

| | oon
t he

t he

;

shaft and al so t3&d P1ﬁFFOPﬁecﬁﬁb%ﬁ%ﬁtP%ﬁtqqﬁ9¥nﬂﬂﬂ:%&@@ﬁgPPﬁétF6H§¥t®H|nal
axi s of the catHet atiteselt ltagpwcé@n: ey Q:i(;dt&%tlé'za%m:ﬂf an@nalse €&t heter.
FIG 17 is a cr e o] si de vij a 0] a on_cat heter 1,
Glont 4 ' 5 ou udREcEhERBLeFLAL 3 Hhe W21 ARG PRe FRGEAIIEIET |

cat het el0 prot e@ké# afidthe mtfmﬁﬁn mmerrltang EnQuotgAprechse ankkcameny of

the second cat hehethdradtafdtr an¢a0sShll 98es Eloss oWk idhdl Gidk/ w384 FI G
18B is an end VI q{ t he flr§°8& ﬁé}{:gter protector 60 shown .n FIG 1
t

shown in FI G

HE SOt PEBF of ec? LS %t ehiSYIFE FiERer

is circular in %ﬁossibe@tlcataﬁdecoppoteembfnsQnanﬁ a rdewgpnid? catheter

conpressi bl e rnﬁﬁﬂﬂe%ko@”ﬁné”sh@ﬂ@rpééf@héﬁ%fﬁs1 SuQ%kgntgg!hg n_end

non-co essi bl e mat

ring apetture 64%af nﬁgﬁ s%ﬁ%%‘?a?ﬁ'i*%ﬁq%/r (ﬁrr%ﬂcér"rcﬁéésp%éﬁ%%’r” & anet er .
As

20

25

30

35

The 1 nner rrng 63 rovi an | nne

shown in FIG. 17 and FIG. 18B is an end view of the first
catheter protector 60 shown in FIG. 17. As shown in FIG.
18A, the second catheter protector and stent positioner
61 is circular in cross-section and comprises an outer
ring 62 of compressible material and an inner ring 63 of
substantially non-compressible material. The inner ring
63 is provided with an inner ring aperture 64 having a
substantially circular cross-sectional diameter. As
shown in FIG. 18B, the first catheter protector 60 is
circular in cross-section and comprises an outer ring 62’
of . compressible material and an inner ring 63’ of
substantially non-compressible material The inner ring
63’ is provided with an iInner ring aperture 64’ having a
substantially circular crouss-sectional diameter. 1In a
preferred embcdiment, the suostantially compressible
material is polyurethane and the substantially non-
compressible material is metal.

FIG. 19 is an enlarged view of the second
catheter protector and stent positioner 61 and the first
catheter protector 60 of FIG. 17. As shown, the inner
ring aperture 64 of the_substantially non-compressible

inner ring 63 of the second catheter protector and

[
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shown in FIG 18B, the first catheter protector 60 is circular in
cross-section and conprises an outer .ring 62' of conpressible material and
an inner ring 63 of substantjally non- conpr essi bl'e material. The inner
ring 63" is provided with an inner ring aperture 64" having a substantially

circular cross-sectional dianeter. 1In a preferred enbodi nent, the
substantially conpressible material is polyurethane and the substantially
non- conpressible material is netal. FIG 19 is an enlarged view

of the second catheter protector and stent_ positiqner 61 and the first
catheter protect oP3tePREFGHL 173 okzadh G £k dHentdel ar8Rg SQpaft bP ePBETLE

the substantial | y ghenceenpeessebte émer irivg thiz dnele riagoagecatbet €4
prot ector and . , £ici 1 1 17- N posgt ogeEh61 i's
si zed sufficient | #i%r§eSigedsSPhEHRIREYLY (TR P8 B9 PESY fto the
i nner ring apertumstcedt 4aﬁdomsen¢exihgnﬁﬁﬁqﬂuhaI#pn@marﬁnsoaasrturpré&ent

the stent s fromepertag iAhor thd et entt{dx‘ég s@pglrtg&%eéélsuffh%enﬁff

inner ring aperture 64 is size Lo prevent entrance, of
the uncrinped steff@laka P§3V%?%6&PEﬁEGQQHQQﬂﬂhF MRCEATPEApEFATE &ntRAntR
of the balloon petiteansidfoicidigc DathaiRy b ipertithentpafcer bfgchaperture

64. Because the g?ﬂggnrbgfkﬁieggugﬁ ?ﬁ E%thﬁgbgtgnlnglIgh%onﬁgonpr335|ble
5

it protects the portions e ca uirde-wrée 'S ose
within the inneraPfPhguBEpet4 ur e Bfagiset m@eu ARBerr Fhng 63peurung §hels

se;:url ng mbgced}[lr@uin@u@iHl@Iﬁ@fdn?'cbﬁpEt@EsﬁiB@r?éjb%@?%éélr\ﬁgehrpcﬂ.g:l%s?' so

acts as a stop to pOSi n 0 e e n an

especial l y prefercF"‘p(CJB1 rfﬁg:&ﬂyr‘f‘gﬁ't 2 ?ﬁa gﬁfﬁ%o‘fﬁlﬁ%rﬁ %ﬁosﬂﬁg “Uaé'ﬁé’t &Pehas

an external d|aﬂEE@H‘Gﬁn&bQQErGuQet@4aminnhé_ihnan tigy ie3neuringnghe

aperture 64 of tfs%c'iﬁ%gdp‘féwéﬁfé ProRes L%Sd@,ﬂ& E.Sﬁgxdﬂo%b esélﬁiehas a
Uncr |

di aneter of about, 1.4 unexpan e stent “has an
ext ernal di anet er™0§f §5Bﬁt63 7139 afotit2s ¥ FHAR &9d PORLAVRABeBOSt BHRD has
a diametlé of abbet steftte abothe kdthater 2. In an especially preferred

embodiment, the balloon portion of the catheter has an
external diameter of about 0.9 to about 1.2 mm, the inner
ring aperture 64 of the second catheter protector and
stent positioner 61 has a diameter of about 1.4 mm, the
20 unexpanded and uncrimped stent has an external diameter
of about 1.7 to about 1.75 mm and the crimped stent has a
diameter of about 1.0 to about 1.1 mm.
As shown in FIGS. 17, 18A, 18B, and 19, the
first catheter protector 60 has an inner ring aperture
25 64’ that is larger than the inner ring aperture 64 of the
second catheter protector and stent positioner 61. The
inner ring aperture 64’ is sized large enough to permit
the passage of an uncrimped stent through the inner ring
aperture 64’ and into the longitudinal stent crimping
30 "bore of the stent crimpirg sleeve. In an especially
preferred embodiment a diameter of about 1.9 mm to about
2.0 mm is utilized.
In operation, the uncrimped stent is advanced
through the inner ring aperture 64‘ of the first catheter
35 protector 60 and into the longitudinal stent crimping
bore until the stent contacts the second catheter

. protector and stent positioner 61. Because the second
e -
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As shown in FIL.GS. 17, 18A, 18B, and 19, the first catheter protector 60 has
.an inner-ring aperture 64' that is larger than the inner ring aperture 64
of the second cat het&r protgttor and stent positioner 61. The inner ring
~aperture 64' is sized |large enough to pernit the passage of an uncri nped
stent through the inner ring aperture 64" and into the |ongitudinal stent
crinping bore of the stent crinping sleeve. In an especially preferred
enbodi ment a di aneter of about 1.9 mmto about 2.0 nmis utilized.

In operation, the ugcrrnped st ent Eﬁyﬁdvanced through the jnner rin

aperture 64' of CREPPFPELPEARSHAM 5EERST POFLEAGTPRL B ¢ BRS | Yhoiht nal
stent crinping beirguapértihe &f etatcdrt aetad lelre thanotbe cat dvedesr pHtact or
and stent positi B e.t d .

“"e. " Cathet gﬁs*lﬁéect%‘?@*ﬁqanﬁr%%%é}. EPaRcPE dhaTeter 196, &P (i ng
aperture 64 that C1'=l§ eher) ethe h:aatherterdmeéfcepner and seert rpesi sianer #id

greater tigan thesdra@et@éuofca %sﬁ;@r.%ettﬁé sEEﬁtcéhBeﬁérpﬂQ@ééd Wy and
st ent pOSI ti oner erv SI tion hee st ent and E}S} rotect the

distal end of th@&t %té? Tt . Trfélec;%aﬁ EPTi s TREnC2EREY SR 0 the
| ongi t udi nal borenUdettreacttm\io ahe lbhgistidhthal sbere npedlentsrerte anal | oon

portion of cathgl&rsrent i is cr:Lméteh nEQetﬁéeﬁgl?ﬁﬁ? X Stfez,‘#;[ @gfd on the

bal | oon portion of the cat eter catheter w inped on it
is wthdrawn by ";ﬁﬁ*}%tﬁg’-t he catheter through the inner ring aperture 64' of
the firstOcatheter protechfitegOthe stent has been crimped on the balloon

portion of the catheter, thé catheter with the stent
crimped on it is withdrawn by pulling the catheter

through the inner ring aperture 64’ of the first catheter
protector 60Q. '
15
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_19- o VHAT IS'CLAI MED | S: 1.  An apparatus
for bal | oon catheter, conpri sing:

‘a) a ortlon prOV|ded with a d first clanping
portii ‘“g“u& rﬁurﬁlﬂlrst cl“anpi ng portion recess sized and

‘adapt ced ve arstent crinping sl eeve; b)
a second cl anping portion provided with a second cl anpi ng portlon
recess, said second clanping ' portion recess sized and adapted to
receive a stent crinping sleeve, said first clanping portion
recess and WHAZi BS sClRMELL | idivpi ng portion recess defining a

longi tudi nal stent crinping gl eevs GhparaulabRdsacuring a stéit &l &
cross-sectional dianeter, said first and  said second cl anpi ng

portions adapted fBRLABORMEARNGLELy GQmpEising: di rection away from each
other to a first position angh ina first clamgéngngodtientpnmwi@mhﬁdxéa@h

other to a second Eogéglcfhmplnquortf% %%EEV6%¥1H f%étp§f§ﬁﬁgﬁéto a

stent crinping sle&v sai d ud|n st'ent” cri npi ng
sl eeve chanpertlmlm@mw%@m @ﬁap‘é@és%sr%ﬁ:?b‘de ah B ERTHpt ed
so that said |ongi tughpahg SRUveS! | MPI NG sleeve channel has a

substantially circul ar cros -secti onal glage 4%J'J§§h and
sai d second cl anpi ng portiory ar & iSFon @B%BgsgﬁﬁﬁﬁPﬁxﬁﬁ?vﬁ)
c) a stent crinpisecoidalamiisgopedttinnsaedess, saidrsepind claspiag

channel , sai d -sl eeyg iy '}Qc@sg' Eikeﬁngﬁgd adap tec!?1 SEGAE 80 2 Ryt er

surface, and an inner surface | Nl ng | ongi tudinal stent cri I ng
bore t her et hr ough,€¥imping §éPBVFon§?%@df%Eﬁtsﬁkﬁﬂp%ﬂﬁ|ﬁﬁﬁﬁj°BoF§cﬁﬁ§lﬁﬁ
sel ectively vari aldaddssbebadt & bamying rssttaiorc rekess definiagchi onal

diameter and s zed A4 AHARLEddnd RAMAR s1ceve BALLAGD fRUIELSL vith 2

stent nounted thereo eeve adapted to
sel ectively and Varlabéﬁb@?%ﬁﬁ1%QQRFQHﬁ1f@#ﬁmﬁtﬁﬁvyséaﬁdféﬂﬁ%t%ﬂﬁ|%ﬁ#%/

circul ar Cé@&&naeﬁlarﬁﬁlﬁ{g BAEIRNS atiagaed EoROhbucherat i entfirst
crinping bore_in gg fghté% I%H{e a&p tgo glglrst posf?qgﬁrgid in
surface of said s crlnpln SevE
a second dlrectlon toward each other to a second position
to selectively impart pressure to a stent crimping sleeve
disposed in said longitudinal stent crimping sleeve
channel, said clamping portion recesses sized and adapted
so that said longitudinal stent crimping sleeve channel
has a substantially circular cross-sectional diameter
when said first and said second clamping portions are in
said second position;
c) a stent crimping sleeve disposed in said
crimping sleeve channel, said sleeve having a first end,
a second end, an outer surface, and an inner surface
defining a longitudinal stent crimping bore therethrough,
said longitudinal stent crimping bore having a
selectively variable substantially circular cross-
sectional diameter and sized and adapted to receive a
" balloon catheter with a stent mounted thereon, said stent
crimping sleeve further adapted to selectively and
substantially uniformly vary said substantially circular
cross-sectional diameter of said longitudinal stent
crimping bore in response to pressure applied to said

external surface of said stent crimping sleeve by said

_/—
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- 20 - first clanping porfibn and said second clanbing portion

. when said first—etanping—portion and said second cl anpi ng portion are

noved in said d._di.rectjon. 2. The apparatus of claim’
1, wher eiaI_ ﬂlﬂ jim%‘m‘m&’l nmpi ng sl eeve is conprised of polyurethane.

3. - The c I 2, wherein said | ongi tudi nal stent crinping
bore has a cross-sectional di aneter of about 1.9 mm when said first and
said second - clanping portions are disposed in said first position.

4. The apparatus of claim1, further conprising: a first catheter
prot ector di spofd@sht csarping fpeutidh@nst saiddsecent €+rmpIRg RIESRN and a

second 'Pathet%heﬁrQh@&t9£réﬁ“kfﬁd§ﬂngﬂﬁaﬂtﬁgﬁeén&i§99§e§e@én§6&1hﬁpi ond
end of said stent crinping sleeye, sau%bflrst catheter protector and said

second cat het er PRFGL8E: BFE afRved shibfid igh Secrgfe ALESEhI®0pri si ng an out er

ring of. conpressible material and an inner ring of substantially

non- conpressi ble material, senfhér%ﬁg'ﬂﬂtﬂg %E saLd.second. .o Gat r
protector and stent positTloner pro |§E§'mnt "an” apefture size
sufficiently snBFFREOCHiBRENT wifiavends sPmprafednefi PpEMEREMNeand si zed
sufficiently large to permt entrance of said balloon catheter, said

I nner ring of said firg% cathet er §rogecto% g ovided with .an aperture
sized sufficiently large 1o pe 33 BE 3 210 ve rHESE S 8 E
5. The appar at len@itudigiah stepteceinpingdboveitizas ra myass-ceasiosed of

pol yur et hane andgli fdtds HFehbolikNE . bSmhONREA S&k Off iEitdland said second 6 A
nmet hod of securln%lan expandabl e stent having a Ion%ltudlnal,bore on a

bal | oon cathetéﬂf ECOfpPPEFAGRENR St &p¥Poted 1n said Tirgf PEghEtPRicting an

apparatus conprising: a _
- 4. The apparatus of c¢laim 1, further
comprising: a first catheter protector disposed at said
first end of said stent crimping sleeve and a second
catheter protector and stent positioner disposed at said
second end of said stent crimping sleeve, said first
catheter protector and said second catheter protector and
stent positioner each comprising an outer ring of.
compressible material and an inner ring of substantially
non-compressible material, said inner ring of said second
catheter protector and stent positioner provided with an
aperture sized sufficiently small to prevent entrance of
an unc}imped stent and sized sufficiently large to permit
entrance of said balloon catheter, said inner ring of
said first catheter protector provided with an aperture
sized sufficiently large to permit passage of an
uncrimped stent.

5. The apparatus of claim 4, wherein said
outer ring is comprised of polyurethane and said inner

ring is comprised of metal.

6. A method of securing an expandable stent
having a longitudinal bore on a ballocn catheter,
comprising the steps of:

a) constructing an apparatus comprising: a
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_21 first clanping portion provided with a first clahping 'poftion
ecess, said flrst clanplng portion recess sized and adapted to receive a

: Stent “ﬂ" I"H'ﬂmLa second clanping portion provided with a second
cl anpi ~“said second cl anping portion recess sized and

adapted to recel ve' a ‘stent crinping sleeve, said first clanping portion
recess and said second clanping portion recess defining a |ongitudinal
stent crinping sleeve channel having a selectively variable
cross-sectional dianeter, said first and _said second cl anpi ng portions
adapted for nobEREhtCIaMRiNG POrtdPRePrPYACataYL R on Bt OfFRINd a first

posi tion and i ﬁtﬁ&?%&éﬂé e%tallanflkgwaeﬂa@gmg%mldrp e RRPRA ZREsi tion

t | ectivel t, t ent di d
sai d | ong R i R e

recesses si zedc hawsh atapicat ion phavldaddWLtbngl$¢mbn&uckampungnpqnmlng sl eeve
channel has a §5gg%za #fﬁIé%c%h@cghg&ﬁgﬁgsgpfg§gﬂ(%Fg q£§?§§ n sald
S | secon 0

first and sald second anping portio In sa sition;
stent crinpi nPARIER Yaviesgief pr SECNEn@riBPiRG o asivd, Sad lftlélstsurface

and an inner sexdngsitg @@fﬁtabﬁgracégagaﬁads@fd Sdita Glplitg RPRreion

t her et hr ough 4g@ﬂgg; 1% eCtIV; % vaﬂé substantlallé ci.rcul ar
cross-sectiondl” Of anms ARY &i 2RY%4h h%gtset(fnt FEETE §4EXFandabl e
stent, said sﬁéﬁmn@ﬂihpvmggsaeeake¢mw1¢&¥ wddptde crosel-eetitiehgland

subst ant i akl y d4RinbBER] Ysx Pl Ve Sakd MPLAY 's‘%chondCb'iQHbi‘flng)9§§1§§§t i onal
di anet er of sai.d ?gghtudlnal stent crinping hore in response to pressure

applied to safd*R AF C¥IURY G Saifd rSteft TEFFAPR nGWRY BN AN d
first clanplngtperttqwaeﬁursﬁﬂpbsm&a@mdamﬁa&nlagsecmﬁdcﬁnrectlon b)

di 5posi ng_Sai €o9d £t e TG LcPQV8elBraaLTo BLEM € IdPIdULSgve channel

c) di sposing said stent in said g nt cri.nping re of said
stent cri npi nffR3e\RFESSure to a afen dF§1'b'68+IP@ skaeve giscsed dnsai d

| ongi t udi nal iﬂﬂdaKﬁngyﬂumlﬁhenhteﬁﬁdcrlmplng sleeve channel, said

clamping portion recesses sized and adapted so that said
longitudinal stent crimping sleeve channel has a
substantially circular cross-sectional diameter when said
first and said second clamping portions are in said
second position; a stent crimping sleeve having a first
end, a second end, an outer surface, and an inner surface
defining a longitudinal stent crimping bore therethrough
having a selectively variable substantially circular
cross-sectional diameter and sized and adapted to receive
an expandable stent, said stent crimping sleeve further
adapted to selectively and substantially uniformly vary
said substantially circular cross-sectional diameter of
said longitudinal .ctent crimping bore in response to
pressure applied to said external surface of said stent
crimping sleeve by said first clamping portion and said
second clamping portion;

b) disposing said stent crimping sleeve in
said stent crimping sleeve channel;

c) disposing said stent in said longitudinal
stent crimping bore of said stent crimping sleeve;

d) disposing said catheter in said
longitudinal bore of said stent; and
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-22- ' o e)- nmoving said first and said second stent clanping
. ; Irst position to said second position so as to apply
pre ernal jurface of said steit crinping sleeve in an
m&m;‘m“"! - deciease the substantially circular cross-sectional
sal ¢ [ongitudinal stent crinping bore in an anount sufficient
for said i nner surface of said stent cri npi ng sleeve to inpart sufficient
pressure to said stent to secure said stent to said balloon catheter.
7. The method of claim®6, further conprising the additional_ step, prior
to step b), of disposing® fimoMingaeRadefiprbtandoratd saqend isteftend of

sai d stent cri gpamgisd Gk idhE EFroncenddcal et epopiOieetiy sHId eebhd
positioner at said, second end of said stent cmgg gbqsl eeve, .said _first

cat heter prot ecPBFLaH: SR @S &CoARP LY aPREEEITBr ed?FcFrﬁ’(?sll E558F each
conprising an ofitsxidiswemf cxdmpiegssbeevantieraal amouhtarsufifierenitngoof

substantial |y nafe£olly G33 HubetBheskaly S2bduigpotddditedlcahd seoond

cat heter protector and stent 05|t|oner rovided w an aperture sized
sufficiently sndtdmeter. p?fe\ﬁé‘ﬁtd éﬁ(ﬂgétﬁb‘élﬁﬁl aPt el rePiRing dereadsd 3rzed
sufficiently | adgsurito sﬁﬁfﬂﬂdleﬁlﬁt lfa@cga@a Siith&hr baumfé aatslaqaevsceaal d inner
ring of said flézs.t z%;t eher <P Qt ect or f\%’h erture §| zed
sufficiently |arge RN ﬁ1 gséaga’é? %’r?%é?f 8.
An appar at us f Grtesdc Fo; ﬁgcarst em-dh-‘awwg to | gl thadilipgin b@téegﬁra bal | oon

cat heter comnpri sing: a) a first clanping portion having a first
cl ampi n ortion recess and a secon c] anpin ortlon havi ng a second
i ng p CHRCEN] P

cl anpi ng portion recess, ’sai d'3§ regt 8nd THFEREF NP RS 519
recesses definkthg addibm;pmaxkilstadp,stpmltorcrtbrrptag b) enefitdidosigig w t h a

first catheter protector at said first end of said stent

crimping sleeve and a second catheter protector and stent
positioner at said second end of said stent crimping
sleeve, said first catheter protector and said second
catheter protector and positioner each comprising an
outer ring of compressible material and an inner ring of
substantiélly non-compressible material, said inner ring
of sald second catheter protector and stent positioner
provided with an aperture sized sufficiently small to
prevent entrance of an.uncrimped stent and sized
sufficiently large to permit entrance of said balloon
catheter, said inner ring of said first catheter
protector provided with an aperture sized sufficiently
large to permit passage of an uncrimped stent.

8. An apparatus for securing a stent having a
longizudinal bore on a balloon catheter comprising:

a) a first clamping portion having a first
clamping portion recess and a second clamping portion
having a second clamping portion recess, said first and
saicd second clamping portion recesses defining a
longitudinal stent crimping element channel with a
selectively variable crosssectional diameter, said first
and said second clamping portions adapted for movement in

a first direction away from each other to a first
—_—
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sel ectively variabl e crosssectional dianeter, said first and said second -
_ mted for novenent in a fi rst di r.ection away from each

o \\ﬁ PRI . 2250 oo Poohyon 2 1 #gsecond direct on
L

cr| ements dl sposed within said |ongitudinal stent crinping

el emrent channel defining a | ongitudinal stent crinping sleeve channel
having a selectively variable cross-sectional diameter, sai d pIuraIity of
crinping elements adapted for novenent jn a first di recti

each other to a B9$ifion 534 ipoR SREORA %“é%c‘b‘rﬂ? Fawara Eﬁ’:?‘ ¥¥a¥e ‘Bha
other to a secsmsbrm)spdslmmonand a stent crinping sleeve

di sposed in said |ongitudinal st r
first end, a second end, g’r’m ou?e? ? égpédpgénrsll% %%ﬂ%ﬁ@ﬁg Bi‘}éh@geé‘
| ongi t udi nal st etk rspmg lpogétudénat heteengh cxiapimg @1§élle€l§t chenyel

variabl e subst ar&éﬁd;)hgc L §8H3% cudiRSE- §@é}§ﬂ URim 'n@ff%tl%éveséhﬁnﬁéﬂﬁpl ng
portions, said crinp el enents, and said sl eeve ada gbﬁ? %ﬁse SO
and

Phat when sai d ASE%PARELAGE HER LY oYAT LR e §€6’6’ﬁdse(?ltéf?ﬁlaf‘rg
said plurality cfaick iplpragieyesntsimpiney dlemenes adapaed Serondveasnt ion,

said criming - oheueRysaloh] Pecaid ol UGl SLENbARELTRLNG BLEGYS

channel havi ng a substan circu Cr 0SS-Sect I ona i ame and said
| ongi t udi nal st é’ﬁﬁléi-PPrp*?% Borae Sw%éiérécltéﬁgl tOWREA| CBSR cOHRRA P &

substanti al Fy ge&aﬂaagsoﬁtgm—; S eGid onal di amret er 9. An
apparatus for securing acs)tenta E%w ng

AN Ionlg | n‘c;i ore on balal
catheter conprising: 5 Fir?@?l $ aTPTTG SoriH cﬁ?daﬁ‘& £ad cond
cl anpi ng porti okengiiudinalsstehtnprhyppogt s breyr chaterelni thavdngi ast
surface, a secomrédﬂé‘r@ceaaeecanahéﬁé sai f Qe A&fd1N, N@nd B $hnekagping
portion recess, %g

defining a longitudinal stent crimping bore therethrough
having a selectively variable substantially circular
cross-sectional diameter, said clamping portions, said
crimping elements, and said sleeve adapted and disposed
so that when said first clamping portion, said second
clamping portion, and said plurality of crimping elements
are disposed in said second position, said crimping
elements define a longitudinal stent crimping sleeve
channel having a substantially circular cross-sectional
diameter and said longitudinal stent crimping bore
defines a longitudinal bore having a substantially

circular cross-sectional diameter.

9. An apparatus for securing a stent having a
longitudinal bore on a balloon catheter comprising:

a) a first clamping portion and a second
clamping portion, said first clamping portion provided
with a first surface, a second surface and a third
surface defining a first clamping portion recess, said
second clamping portion provided with a first surface, a
second surface, a third surface, a fourth surface and a
fifth surface defining a second clamping portion recess,
said first and said second clamping portion recesses

defining a longitudinal stent crimping element channel
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second—d—ampT‘n“‘p_o’r't‘l_cTn—prow ded with a first surface a second surface, a
third surface and a fifth surface defini ng a second :
cl anpi ay ﬂmﬁ'“l““ mw;m 'said first and said second cl anpi ng portion
recess af | mi ng asl ongi tugknal stent crinping el enent: channel _

- 24- with a variable dianmeter, said first and said second clanping
portions adapted for novenent in a first direction away from each other to
a first position and iin a second direction toward each other to a second
posi tion; b) a first crinping elenment disposed within said

| ongi t udi nal st entyiehi APk G 8hesEM akdeselsaal ¢ ixrfsitr ahdcbaifi sgceh@nent
provi ded vmthaflrst Gri nt_c act surface,._a_s crinping
el ement contact Bgrrg ??“%Tscr%ﬁﬁ%gr%orr R (TR e] ﬁt 4B 2 gggggce and a
stent crinping sl ehme«:dnhaabaguffmegach other toch farsécpndlt;wmm@ in
elenent disposed wf 18,500, LOPAM] WhiAa SR oEHeRPEBIaCBRBBRA, Sai d

second crinping elenent provided wth a first crinping el enent contact
surface, a secondPeEiifpPRG el ement contact surface, a first clanping
portion contact surface, ang)a siefirdd idfiinidng edemenoniaspossedialehin

d a third crinpi errent IS d t hi.n 1 d t
crinping channel, ?gfi ?ﬁ?}'aug ﬁ?cge% Strent ?_% O\?:lg{ﬁgnE ghgl%?;frg d
crinping el enent §@n$ac¢rsmmim:eelemesé:cmve-dﬁ#ptmgheaefmmt contmring

surface, a secondeiadii NEbRAULd %@zz%'@:teacta §Hl’:Bﬁaecr§rﬁﬁlﬁg SéPé}ﬁerﬁa“l npi ng
sl eeve contact sur.face; Lg* el enent  di sposed

within said I ongl‘f?fﬂ'f"’?ﬁtt [rFAcer ianﬁl"ﬁﬁtcﬁilﬁ'ﬁﬁ}ngs FuriHPE9 i ng
el ement provi ded sutface . f ianst acstepktngrihpimytsbesteactorgadtacarfaceecond

crinping el enent contact sg_.rfac?esg éggogpl@gﬁn%mtt |dq_gpg,gghag,gthm

surface, and a stent_crinpin eve cont act face, said Grl
el ement s adapt ed SPd( APREREHEAINAL S ERRGICIANRIAY Ghanpgl, said secorld

crimping element provided with a first crimping element
contact surface, a second crimping element contact
surface, a first clamping portion contact surface, and a
stent crimping sleeve contact surface;

d) a third crimping element disposed within
said longitudinal stent crimping channel, said third
crimping element provided with a first crimping element
contact surface, a second crimping element contact
surface, a second clamping portion contact surface, and a
stent crimping sleeve contact surface;

e) a fourth crimping element disposed within
said longitudinal stent crimping channel, said fourth
crimping element provided with a first crimping element
contact surface, a second crimping element contact
surface, a second clamping portion contact surface, and a
stent crimping sleeve contact surface, said crimping
elements adapted for movemen: in a first direction away
from each other to a first position and in a second
direction towards each other to a second position, said
stent crimping sleeve contact surfaces defining a stent
crimping sleeve channel having a variable cross-sectional
diameter that is substantially circular when said
plurality of crimping elements are disposed in said
second pogition; and

—
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from rst position and in a second direction towards each
. other to IOm said stent crinping sleeve contact surfaces
defi n| Ei‘gﬂ ﬁmm ng_g| eeve channel having a vari abl e cross-sectional’
di arret #»antially circular when said plurality of crinping
elenents are dlsposed in said second position; and

- 25- a stent crinping sleeve disposed in said
| ongi t udi nal stent crlnplng sl eeve channel, said sleeve having a first

end, a second end, an outgr wall ?ﬁng?W%ﬁg dald &ifg d ia Sald

| ongi tudi nal stent crinping bér EF aV| ng a se ect1vel
variabl e subst ahtngltydimdl @reat crégpisgceiorne dramnslor Saig d’léeleé(ﬁpl ng

portions, said éHliPéf}Tg Al arents, %“Qeééhé éﬁ&evﬁa&%&emaﬂnda@asaﬁsed so
t hat when said rst” cl anpin portlon and said second cl aggl nga ortlon are

in the second pbeier opll dafindngnpgi AGRELERIENRDFTLRAL S fne a

stent Cr'np'”Qtﬁéféﬁﬁ%dﬂﬁH“HQVLH Vange&eaﬂbﬁéhﬁtVé&iakarsnﬂs&antlally
cross-sectional dia §

I on? éud&!g@érst cﬁré bore defines
a | ongitudi nal PHFE ﬁfé’s& s?ﬁ SPHRET AFPYCES r’cu 5 G e ti onal
di amet er . portionk). sEHid appmpangsebéments mand fﬁ?rltdﬂ@rle@Uﬁ‘pPFiépﬁgd

first catheter JHPIHCERSsH $BOEREE 2néR! Said rﬁrﬁld:l%fmpi&gdp&&embncanﬁpl ng
sl eeve and a second catheter protector and stent l__glleoner di s?os ed at

sai d ‘second endad Sg°gng: Eﬁ?‘“@l‘?ﬁp‘f’%t’s‘?%evé“ 1T, itRes SES PR PRET BFOR
protector and saiid sedopdngasbetes qumtant curdadesosiefionea sbepfising an

outer ring of cOIREERS! bl ePBt ot ddle Pihyagl BNBLLLEAG: 041 pyhS AR | Y non-

conpr essi bl e mat er salrd inner ring of Said second catheter r{)rotector
and stent posi FFBREFSEFHIPRRY hanetst éﬁ‘ér?al’-@ $PREHEUEFIA L iRy smal |l to
prevent entraneeigpimd bowd idgRithest @antloagdtadindl shibfé chanirdgy d arge to

permi tentrancg,ofc 54, £} NQLRN $3LY5BBEE [LRG Os SRl TSt

10. The apparatus of claim 9, further
comprising: a first catheter protector disposed at said
first end of said stent crimping sleeve and a second
catheter protector and stent positioner disposed at said
second end of said stent crimping sleeve, said first
catheter protector and said second catheter protector and
positioner comprising an outer ring of compressible
material and an inner ring of substantially non-
compressible material, said inner ring of said second
catheter protector and stent positioner provided with an
aperture sized sufficiently small to prevent entrance of
an uncrimped stent and sized sufficiently large to permit
entrance of said catheter, said inner ring of said first
catheter protector provided with an aperture sized
sufficiently 1arge to permit passage of an uncrimped

stent.

11. The apparatus of claims 1, 2, 3, 4, 5, 8,
9, or 10, further comprising means for moving said first
clamping portion and said second clamping portion from

said first position to said second position.
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catheter protector provided with an- aperture'sized sufficiently | arge to

per m ri nped stent. 11. . The apparatus of

cl ai s 'fr 10, further conpr|5|ng‘grans for noving said
first wg"u@ Huujlj"iand Sai d second clanping portion fromsaid first
positl posi tion. -26 -

12. The apparatus of claim 11, wherein said neans for noving is a pneumatic
devi ce.. 13. The apparatus of claim11l, wherein said neans for

noving is an electric notor par at us of claim 1],

- 14. EEe
wherein said means for novihg- i sThE ARRAEIGUG O iﬁgg&mdéévcg erein said’

means for moving is a pneumatic device.

13. The apparatus of claim 11, wherein said

means for moving is an electric motor.

l4. The apparatus of claim 11, wherein said

means for moving is a plier-like hinged device.
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