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5BACKGROUND 1. Field The present jnvention relares“geﬁerélfy‘fﬁ"
devi ces and net hods for stent placenent}-such as- in a body vessel or duct
or in a structure used for testing or denonstration (such as a polyner
tube), and to methods of instructing one or nore 10i ndividuals on stent

pl acement. 2. Description of Related Art Exanpl es of stent delivery
devices are included in U S. Patent Nos. 5.372,600: 5,433,723; 5,707, 376;

2 8 | I g R

CROSS-REFERENCE(S) TO RELATED APPLICATION(S)

This application claims priority to U.S. Provisional Patent Application Serial No.
60/862.456, filed October 22, 2006, the entire contents of which are expressly

incorporated by reference.

5 | BACKGROUND

1. Field

The present invention relates generally to devices and methods for stent
placement, such as in a body vessel or duct or in a structure used for testing or
demonstration (such as a polymer tube), and to methods of instructing one or more

10 individuals on stent placement.

2. Description of Related Art

Exarﬁples of stent delivery devices are included in U.S. Patent Nos. 5.372.600:
5,433,723, 5,707,376; 5,772,668: 5.776,142: 5,968,052; l6,514,261'. 6,599,296: 7.052.511,
7.122,050; U.S. Pat. App. Pub. No. 20030040772; and U.S. Pat. App. Pub. No.

15 20050021123.

SUMMARY OF THE INVENTION

Some embodiments of the present devices (which also may be characterized as
stent deployment devices) include an outer sheath: a stent disposed within the outer
sheath, the stent having a distal end and a proximal end: a stent-engaging element

20 positioned at least partially within the lumen of the stent: and a stent-retention element
coupled to the proximal end of the stent; where. the device is configured such that: the

stent-engaging element can be operated in a reciprocating manner to engage and advance
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SUMVARY OF THE | NVENTI ON Sonme enbodi nents of the present devices
(which al so may be characterized as stent depl oynent devices) include an
outer sheath: a stent disposed within the outer sheath, the stent having a
distfal end and a proxi mal end; a stent-engagi ng el ement 20 positioned at

l east partially within the lumen of thesstent: and a stent-retention

el ement coupled to the proxinmal end of the stent; where the device is
configured such that: the stent-engaging el enent can be operated in a

reci procating napner tq engage, and vance 1111111111111111111_*00002* 2
he Stont tiF S iyl oSO R TR of e et gl PR SR e
stent-retention elenent will stay in.contact with the sgent during pr oxi mal
moverrent oVt pay db ERpagnilithy SNt uie BrERaL S ERsR EHES SIO%T 1A end of
the stent is disposed within the outer sheath, Sone. enbodi nenfs of the
present de¥FEed Provideddat 415 metimp! coH@A s, steRt 8 dispeses WHE s /PR n t he
outer sheath, the stent having a lunen, a distal end and a proxi mal end; an

inner el enent posHd eRB6dmahs | sfagk Pagent akliyeswintindd ah haitdr ugenhob ddne st ent,
the inner elenment being configured to accept a guidewire; and a

stent - %ngagiisﬂge@ LaiRNthe BASE tHheQRE theaenlt @adhg Palthdnah dstaleddadti 4 PRxinben of
the stent and being capable of noving distally and proxinmally while the

i nner el engnt ah $onst Ak Fo¥iiotAaE GabthRrEaY MG@ini te KARA iof the 8ent, ehelifhedi st al |y
.drive the stent at l|east partially out of the outer sheath through at |east

two peri 0dsieREnGRIRISHEA e Llo Bt FloblabwhY: sl g sehehbaSNOAGhA peligsRAt t hat
are separated by a period of non-engagenent that does not drive the stent
distally. a jeast partially within the lumen of the stent and being éapab]e of moving distally and
proximally while the inner element is stationary; where the device is configured to
10  distally drive the stent at least partially out of the outer sheath through at least two

periods of engagement of the stent by the stent-engaging element that are separated by a

period of non-engagement that does not drive the stent distally.

Some embodiments of the present devices include an outer sheath; a handle

coupled to the outer sheath such that the outer sheath cannot move relative to the handle,

15 the handle having a proximal end; a stent disposed within the outer sheath, the stent
having a lumen, a distal end and a proximal end: and a stent-engaging element positioned

at least partially within the lumen of the stent; where the device is configured such that: a

user can advance the stent distally out of the outer sheath through at least two periods of
engagement of the stent by the stent-engaging element that drive the stent distally and

20 that are separated by a period of non-engagement that does not drive the stent distally;
and the user’s proximal-most point of contact with the device that causes each period of

engagement is located at or distal of the proximal end of the handie.



Sonme enbodi nents of the present devices include an outer sheath; a handle
coupled to the outer sheath such that the outer sheath cannot nove relative
to the'handle, 15 the handl e having a proxinal end: a stent disposed within
t he, outer sheath, the stent having a lunmen, a distal end and a proxinm

end: and a stent-engagi ng el ement positioned at |east partially within the
| umen of the stent; where the device is” configured such that: a user can
advance the stent distally out of the outer sheath through at |east two
peri ods of engagenent of the stent by the stent-engagi ng el enent that drive
the stent distabéme ambodimants safeths gpesentt devidsy iaclpdr apduestk sheaib:engiagement

that does not drive the stent distally: and the user's proxi mal -nost point
of cont act disposed twhidrindéry icneer tsherth, chauses eainlg pdisiabendfindengegenarendi 8 | ocat ed
at or distal of the proximal end of the handle. 3 Some enbodi ments of
t he presenteciievdadeselemait didgosad atlasse parglav tthin ghestuen shedibs pesedprogatihg n t he
outer sheath, the stent having a distal end and a proximal end; a

reci procat iekgnet Bivhnta dempagashaportieaswhipiantso ahdyybentHabicrerizdieasoutent- sheat h,
the reciprocating el enent having a stent-engaging portion (which also may
be charact ehgased ebemneat)Sd edat-actiatghigdghag cebpaiemtthe reapws@ingatineat ald @ el enent
coupled to the reciprocating elenent: and a stent-retention el enent coupl ed
to the proxichBdetcgtich Gikmediecoapleatty thprorinmil enbl ef She Bl gagieiry. thstehd-on | S
operable in a reciprocati ng manner to engage and advance the stent distally
at | east pangdgalel pordtiitis Operidie iralteRipradagad ManmAh Eft@esirdnidvaet et dtain el enent
stays in contact with the stent during proximl novenent of.the

st ent - engagisgiyRe Teaét Gardan 9 bidedhel Bitbradhedtheangriax temliretemibn @lentdfesisisent i s

di sposed within the outer sheath. Sone enbodi nents of the present

devi ces i NGhitde vath RULEH dBRREbbkintl HldvBhetios BRSEM-WidabinB pbiien @rvaledSheat h,
the stent having a distal end and a proxinal end: a device body coupled to

the oujer shRacbroxdmhiepl Bf @6 skhNgdiSpRBERIthidiisRRSPehaath. | east partially
within the outer sheath, the reciprocating el ement having a stent-engaging

15 portion; and a user-actuatabl e el enent nounted on the device body and
coupl ed to the Pewrpghedineat of divepieseniudsyisssninchide gavPre shsalioAf $8flir ed such
that the stent-engaging portion is operable in a reci procati,ngl manner to
engage and HPeEdcEhieseusst shaith) BastenpB3vingp 95t §pd 3pd e HEOKRE s Reat h,
and the outer sheath need not nove relative to the device body in order for
t he stent - elsyisgibegy sevrisdokr thy aearheatht ReresipEgspting] olgmamt rrosti AekeY of the
present devices include an outer sheath: a stent disposed within the outer
sheat h, t hepagtiadlpit wiHaw jtheg outer|skaag), tha gecipieraging clsgichahadpd @ gent-engaging
15 portion: and a user-actuatable element mounted on the device body and coupled to the
reciprocating element; wherein the device is configured such that the stent-engaging
portion is operable in a reciprocating manner to engage and advance the stent at least

partially out of the outer sheath, and the outer sheath need not move relative to the device

body in order for the stent-engaging portion to advance the stent.

20 Some embodiments of the present devices include an outer sheath: a stent
disposed within the outer sheath, the stent having a distal end and a proximal end; a
device body coupled to the outer sheath: a hollow reciprocating element disposed at least

partially within the outer sheath, the hollow reciprocating element having a stent-



devi ce body coupled to the outer sheath: a hollow reciprocating el enent
di sposed at |east partially within the outer sheath, the hollow"
reci procating el enment having a stent- 4 engaging portion; a
user-actuat abl e el enent nounted on the device body and coupled to the
hol | ow reci procating el ement; a stent- r%t ention el enent coupled to the
“proximal end of the stent: and an inner “tube di sposed at |east partially
within the outer sheath, a portion of the inner tube being at |east
partially within the hollow reciprocating el ement: wherein: 5 the hollow
reci procat FPEJTEE PREION: 7 YseHpepAmie clenenpyRinted) ondhe devigebady apdepBlfedot o a
user noving the user-actuatable element distally and (b) proximally in
response t thechollg®reqiprotatigs eleaens @ sieacrelpab P clemenregetiples exthaRraxmal teh%
stent-engagi ng portion is operable in a reciprocating manner to engage and
advance t hef theetent: and dncigadr tyhgrdispased yt lsagt patiallyywitin il ousti ghgat: a ppiEOB ULt er
sheath need not nove relative to the device body in order for the stent- 10
engagi ng pof the dmet wbabkiza deastymrtsly mtithin the hgliavntecipedeating ebament: ehersin: st ays i n
contact with the stent during proximal novenent of the stent-engaging
porti onS pr e iikdidwt daciprotdimgpriananiisl operattleot méne (91 dintally sn dispesteda wier hi n t he
outer sheath; and the stent-retention elenent is operable to withdraw the
st ent pr oximmirgythb asd-acb@ble hdenant distadiemtiHbp proxirddly inhraspoaseptoox sl
portion of the stent is disposed within the outer sheath. 15Sone
enbodi ment sn@ingttheugpr-esesie deeei padtusaliye herstentrertdagids pomioh udpemtieamei ng a
stent disposed within a sheath di sposed within a body vessel using a
mul ti pl e reedirbediag intagnarov eneaet andhdvanceeibi preocatleasg patigdiyeat of Weeruger each
reci procating novenent includes a distal novenment of the reciprocating
el ement andhéath rigexduta|shenety adee mbt Bbvet leRtivERI the dedtd thiglyen erdenfor thekenst ent i s
advanced distally in response to each 20 distal novenent of the
reci progat iengagilepmidn ot diRarek @R ster; Motsteadheaaien elemeiitesdyo s Cortat @4dh
proxi mal novement of the reciprocating elenment: and each distal novenent of
t he reci pr agatieRgd@lne "RBLinAD @fovaaént GBI tAE istar-Migh$ingd pdapRarmbadddr owi tmal
novenent of the sheath.

proximal end of the stent is disposed within the outer sheath; and the stent-retention

element is operable to withdraw the stent proximally back into the outer sheath provided

that a proximal portion of the stent is disposed within the outer sheath.

15 Some embodiments of the present stent advancement methods include advancing
a stent disposed within a sheath disposed within a body vessel using a multiple
reciprocating movements of a reciprocating element, where: each reciprocating
movement includes a distal movement of the reciprocating element and a proximal
movement of the reciprocating element: the stent is advanced distally in response to each

20 distal movement of the reciprocating element: the stent is not advanced in response to

each proximal movement of the reciprocating element: and each distal movement of the

reciprocating element does not coincide with a separate proximal movement of the

sheath.



5 . Some enbodi nents of the present stent advancenent nethods include
distally driving a stent out of a sheath and into a tubular structure by
repeat edly engagi ng the stent between its distal and proximl ends with a
stent-engagi ng el enent, where at |east two of the engagenents are separated
by a period of non-engagenent: and as the stent is 5distally driven out of
the sheath, varying the axial density of the stent within the tubular
structure by varying the axial position of the sheath relative to the

tubul ar structure. . Sone enbodi nents of the present, st né, agdvancenment
i nstruction met hefa% cmhedimers oh der RFEtEnh g ﬁé’F%CSWe‘Bnm?fgWStIBdH e938Y ent
delivery device that includes a sheath and a stent disposed in_th% sheat h,
the instruGfring 3 sient Qo Pl SheABEL BC; h B RE SFUSFHORK FPededy£n9a8MEDE he
person: distally driving the stent out of the sheath and into a tubular
structure Bigntkaseeandes| djstd sadgiongnal sadsihe sisareigasy elemefitshIre ahl§2%hr oxi nal
ends wth a stent-engaging el ement, where at |east two of the engagenents
are separ atwe obthe gngagements ¥f seRoruiesRyay RO 1of ngihengagenaie a8¢ ahthe s¥nidi st al | y

driven out of the sheath, varying the axial density - . of the stent
wi t hi n I he distablyldgivers pyt pé thersbedsly vaaiing g akigbdeasiiae! hogertivothinthe (Halasheat h
rel ative 15to the tubul ar structure. Any enbodi nent of any of the

present dewireesre o anyig ks ialrpgsiteamrdite shedth plative prsthe tubslgserciueg. | y of - r at her
t han conpri se/incl ude/ cont ai n/ have-the descri bed features and/ or steps.

Detai | s _associ ai§ a‘%’in%ﬂii{ngﬁ§§f ﬁ%&%n@@h&d@%eﬂ&n%sﬁu@tfoﬁ R4k GiReldbel ow.
BRI EF DESCRI PTI - THE DRAW N

instructing a person on how to use a stent delivery device that includes a sheath and a
stent disposed in the sheath, the instructing including demonstrating the following steps
10 to the person: distally driving the stent out of the sheath and into a tubular structure by
repeatedly engaging the stent between its distal and proximal ends with a stent-engaging
element, where at least two of the engagements are separated by a period of non-
engagement; and as the stent is distally driven out of the sheath, varying the axial density
of the stent within the tubular structure by varying the axial position of the sheath relative

15 to the tubular structure.

Any embodiment of any of the present devices and methods may consist of or
consist essentially of—rather than comprise/include/contain/have—the described features

and/or steps.
Details associated with these embodiments and others are provided below.

20 BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings illustrate by way of example and not limitation. They

illustrate two different embodiments of the present delivery devices, the second of which



The followng drawings illustrate by way of exanple and not limtation.
They illustrate two different enbodi nents of the present delivery devices,

t he second of which 6 appears in FIGS. 13 and 14. They also illustrate t he
manner in which stent density can be altered during delivery (FIGS.
15A-15C), and a schematic of one of the present denonstration techni ques
(FIG 16). FIGS. 1, 2A, 2B, 2C, 3A, 3B, BD,  3E, 4-7, 11, 12A, 13, and 14
are drawn to scale 5 (in terns of proportions), save the length of line 72,
whi ch can be varied as desired. ldentical reference nunerals do not
necessar i | yppeadi g dlES ald andiéht Theyl alsotilvrepigitee maehiarwhichhgens density edfndreence
nunmeral may be used to indicate a simlar feature or a feature with simlar
f unct i onal idtyred Nbtringvéaliyerfy e@HGE e 1oA-166 ¢ hardnb odhemenic 015 ohalné| thel presemvery
figure in which that enbodi ment appears, in order to keep the figures

cl ear. 10DHEsORhPHEIGNcCOmiques JFIGRXD VE EMBODI MENTS The terns "conprise"
(and any form of conprise, such as 'conprises and "conprising"), "have"

(and any forn1o&q@§venAs”§_Ca§A Qg hﬁyﬁqgﬁk adp Incﬁgaégg?g .any form

of contain, such as "cCohtding and%ﬂ%ontalnlh d any

form of i nClnlu%?rhs %H%{Z}pgr%o hnElLQgs 1en%3dof ' C%U%J Q'Qanao e\a%&?%%ﬁes%&'. linking

verbs resu v iceé or
‘contains," Id nth'Z'll reﬁa e e nu €r d% n n ssan 1nglcste onsge zlca Orsee a e or e
el enments, but" 18 '§of |c rfle 16 PoLsEEE g "o PHos o' no él errent s

or st eps. &kemnse an t of a (ﬁVIC

el ene hod
eonpr Foes e S frerdite SBIRL el be Aol iRl = SRl Readise &r PaaiiF ot
t f t t t |
e IRAg R Sep N S SR R o ik @0@%&*& b e e i fveRef %3%?1: gured

in a certain. must be configured in at st at way, but also may be
confi gur ed WHMEXQHVN%@"WE9§WFH'ﬂnﬁF%r RIERs %g ?F% ear.
10 DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

The terms “comprise” (and any form of comprise, such as “comprises” and
“comprising”), “have” (and any form of have, such as “has” and “having”), “contain”
(and any form of contain, such as “contains” and “containing”), and “include” (and any
form of include, such as “includes’™ and “including™) are opeh-ended linking verbs. As a
result, a device or method that “comprises,” “has.” “contains,” or “includes” one or more
elements possesses those one or more elements, but is not limited to possessing only
those one or more elements or steps. Likewise, an element of a device or a step of a
method that “comprises,” “has,” “contains,” or “includes” one or more features possesses
those one or more features, but is not limited to possessing only those one or more
20 features. Furthermore, a structure that is configured in a certain way must be confiéured

in at Jeast that way, but also may be configured in a way or ways that are not specified.



7 Any enbodi nent of any of the present devices and net hods may
consi st of or consist essentially of-rather than

conpri se/i ncl ude/ cont ai n/ have-the descri bed features and/or steps. The
terns "a" and -an” are defined as one or nore than one unless this

di sclosure 5 explicitly requires othermLfe. The terns "substantially" and
"about" are defined as at |least close to (and include) a given val ue or
state (preferably within 10% of, nore preferably within 1% of, and nobst
preferably within 0.1% of). An illustrative enbodjnment of the present
devi ces appear s 4™ §FEsiReat Pl any of e @resant depigrscand imethefls | payeenytht Arosheat h
20 and devi ce body 90 (which, in this 10 enbodi nent, is a handle configured
to be hel d GoRsigsesepgatly ol coupirdbpnicompritedpclafeicantpinfimveihetdepegibedrisgdiratent , t he
outer sheath is coupled to the handle such that the outer sheath cannot
nmove rel at iapd/of ershe handl e (that is, the two are coupled to each other in
a fixed relationship). Quter sheath 20 is a holl ow nenber configured such

that a stent campbergll sposa@caM 4rhiidtined aV bR brinhife LS BAe dnfest MisHi&ISr @i ned
(e.g, elongated) state prior to 15delivery. A portion of the

enbodi ment  QbiklFEreqhirfleathe 8%l CrhelOGYs Qbdishialiy UsHdr 8b&if bR REK&PSCHI ve in
FIG 2A and in cross-section in FIG 3. These Tigures show that device 10

| nol udes' Usgly REkUES AHaCinehBIRD &SR hlilorl Sk QpRkRRIY QidiANthe i fbfes

enbodi ment, nounted on so as to"be slidable w respect to) device body 90

and al so Cq&@%@@ghﬂgﬁ#P%Qﬁ%gégumﬁgﬁﬁﬁbﬁhmhﬂnéﬂhﬁﬁ?”bOdi”E”t has a

passageway an C lgured to fit wthin outer sheath 20. In the
enbodi rent shown in FIGS. 2A and 3A, user-actuatable elenment 50 is slidably
mount ed on devi & HBEYADE emkpAEeRDp|Edhe PresPndsYices@PRaats 19 PERPETVe N sone

enbodi nents, block 51 may include a biasing elenent (such as a spring) that
bi ases userFIG.1. Device 10 includes outer sheath 20 and device body 90 (which, in this

10 embodiment, is a handle configured to be held in one hand) coupled to outer sheath 20.
In this embodiment, the outer sheath is coupled to the handle such that the outer sheath
cannot move relative to the handle (that is, fhe two are coupled to each other in a fixed
relationship). Outer sheath 20 is a hollow member configured such that a stent can be
disposed within it when the stent is in a constrained (e.g, elongated) state prior to

15 delivery.

A portion of the embodiment of FIG. 1 near device body 90 is illustrated in

perspective in FIG. 2A and in cross-section in FIG. 3. These figures show that device 10
includes user-actuatable element 50 that is coupled to (and, in this embodiment, mounted

on so as to be slidable with respect to) device body 90 and also coupled to element 40,

20 which in this embodiment has a passageway and is configured to fit within outer sheath
20. In the embodiment shown in FIGS. 2A and 3A, user-actuatable element 50 is
slidably mounted on device body 90 and coupled to element 40 via block 51. In some

embodiments, block 51 may include a biasing element (such as a spring) that biases user-



actuat abl e el enent 50 toward the position shown in FIG 3A 1n other

enboodi nents, block 51 does not include a biasing el enent.

User - act uat abl e el ement 50, block 51, and el ement 40 of device 10 are
moveabl e in the proximal and distal directions (which is along the

| ongi tudinal axis (not shown) of 5 thegdevice), and are generally
constrained in other directions. Thus, proxi mal novenent of user-actuatable
el enent 50 (towards proxinmal side 92) results in proximl novenent of

‘el enent 40, and_distal novenment of user- actu e e] enent owards
distal si detepidple gemeitsli RwaTdsihe PosEcR st Bf Ig{)égen{“ ‘gg?r el'% ’ﬁi‘?“b‘epl cted
enbodi nent, the distance that user-actuatable el enment 50 noves (either
proxi mal | yblegk i deeapptynclygeiybigsingelgment i nto 10 novenent of el enent 40 by
the sane distance. This translation could be geared up or down as desired.

As expl ai ned i n;grgab@ibidekabie IEbBYk 5 ElRIRRIneHUI & de PP @ bretnveable
st ent engagi ng el enent 45, which engages and drives the | oaded stent

distally fom bReindihfd disHEatR:sHI WA 3l albeagt 16haR@TiAd] @is @or bRV b t he
stent-engagi ng el ement is noved distally within the lumen of the stent.

15FI G 2A ?Ae%@véé}om Jr@aéneF&ﬁV'cGn?str;Qec[rﬁﬁ’omé}cdlﬂégﬁm@nTﬁlse%%ﬂhxa]?élo{'é?ﬁetnt| S
coupl ed (sl'idably) to the outside of outer sheath 20 | ement 25 can be

confi gured,f Qs La@lﬁabﬁ@&%&af%by@owaﬁa%Ip\foﬂhl@ﬂgdé bg rem@ fn ﬁthBﬁP%oQécménhe out er
sheath, and it can be configured to'interface with a henostasis val ve of an

intr Oducer of é@:ﬁ IF Iélﬁ‘ angﬁ stal Sﬁ%@&ht’fn‘t Sﬂlsleﬂactﬁﬂab@eaaer{?&t < Et)\k S (ﬁgtalts%efg 15
I NSI

partially Introducer and interface wth the henostasis val ve

such that H]Hlltﬁdm?ﬁs%ﬁ QEmLAt%WeQﬁ'{ékt APVanEL & ﬁfctéaaé?ﬁdoﬁm%t thesident @ vet the

out er sheath of V|ce can ide relatively freely within el ement 20

and the 1 n{LoduERLye FILRG!E 13hbvesClefIBMbrof 9y Akl SAAHGRIEN G M CLT ON

bet ween the ou S of t I ce I ntroducer t rough which

]E Ihﬁl guisegl %rgo%?‘rtnpnt%ff e err}l%ntd VE)g e s%x{rlhggsﬁ%l%%d’rh] ahﬁat%lc%ﬁtﬁllﬁl JAGred u gl{)pSt anti al

ent e outer S he exterior o € pati

Referring tc)wn asc? 1re ﬂ\s exgllam d?nu%gr%zlr;]tgr?d& Belg\? %61-58{9(16 19{&%@%'[ S{I\,hom devi ce

body 90. vi'eé so’in enen ichis
| ocated w thin. oui g | nner ; cl.fically
in the prefBt¥Ed ¢ %6(5‘ 41§reelfmh enrﬁ'ﬁ1 Yo an?edél\ygs r‘ég‘?%ageag er{[ ?d“}::—p t}%ﬂ% descr i bed
- below) is ¢ I ts distal 0 ,nose con 0,
whi ch’ i s nafl’ Bb it e vt o/ By o R e GRER e Reme Rarr Rp EES
suff|C|entI % r ent gFaneters that they do not touch), facilitates
noti on of 8 Psheststi ve to outer sheath 20 and it is sized such
that a QU|demnre may be passed
15 FIG. 2A also shows that device 10 may include an element 25 that is coup]ed
(slidably) to the outside of outer sheath 20. Element 25 can be configured to slide
relatively freely along the outer surface of the outer sheath, and it can be configured to
interface with a hemostasis valve of an introducer (see FIG. 3B). Specifically, in can be
configured to fit partially inside the introducer and interface with the hemostasis valve
20 such that fluid does not flow back toward the handle of the device yet the outer sheath of

the device can slide relatively freely within element 20 and the introducer. Effectively,

element 25 can act to reduce the friction between the outer sheath of the device and an



10 through it (as is nose cone 150). Radi opaque marker 27 may be pl aced at
any® suitabl e location along outer sheath 20 in order to provide a neans for
ai di ng* depl oynent of a stent. For exanple, the distance fromthe distal end
of outer sheath 20 and marker 27 nmay be the nominal length of the stent.
being delivered in its deployed state. EIG 5 illustrates distal end 31 of
stent 30 within outer sheath 20. In so enbodi nents, neither 15 el enent 40
nor stent-engaging elenent 45 is attached to inner elenment 60. As a result,
el enent 40_naX be noved proximally and over inner elenent 60 while inner

el ement 608U TR APIchdpePYEY ?f?aths"cfé}i‘ﬁ dRiGayingicd! ERENTARSMGA be nmoved
proximally and distally over inner elenment 60 while inner elenent 60 is
statlonaryﬁﬁﬁ@ﬂﬁﬂﬂPﬁ@e@@ﬂPFGSheQthﬂﬂméﬂnéﬁﬁeﬁ@ﬂ@ﬂ#ﬂﬁﬂmﬁP§o to FIG 2C, the
al | owabl e 20 proxi mal -distal travel of user-actuatable element 50 is

constrained by g&EiheRIFHLN, 5L 5 3dRbORY DE excbad VisBBly s aide Hobe
position of stopper 120. First position 121 of stopper 120 shown in FIG 2A

limts t hea@' ﬁE\{%e Id ﬁy@incBHCSQ%?é} eRAHASRRI R ST RMch 3010t fed GRBintARA the
full length of slot . Preferably, first 'position 121 corresponds to a

di stal - rmsEheBl@lS"‘Ot 'Iglmsr eieQneQI 6 EHR4, ﬁ%t&g&@@éa@ el ﬁfg%%ferﬁig éME%Hﬁnetnh‘?nner

stent -engagli ng el enent 45 remains within ou er sheath 20. This corresponds

to the propgl, i 19r Ois
e ooy B S8 {RATRIN O RN S B o

and 3A, St an%gﬁa K CGRichQL %Pgonfsé?alﬁ‘edsﬁﬁﬁﬂ%xp&%étﬂ'7@’?m1%§t b aPe! ed as

such in FI [ ows user-actuatable elenent 50 to slide past it,

as shown. Fﬂc%ntl%?ﬁﬁ%g@lﬁiﬁe;% ﬁ%ﬁ%e‘%r@l %o\f't&}%pff cﬂlté&bﬁn@lgérﬁgpﬁ(}ée of a

preferred eﬁﬁsﬁlnent i'Ch sub-assenb] y I nc es a preferred

embodi ment .Of fﬁigtr atl e 5 Dl trsl?%thl’rb tn%%b?s%ﬁ%"d%& }%atﬂatlancg]?c{e ?re%?%f}) q%aqstegat

ext ends t h&% 1% Pner Selrenen 'S ton accept a

ou ok Luter, LS 98, VB 336, Lol i gl sl B e
"t or medi at@ETLAoE %%E’r(%ﬁ?@s’ﬂ' ByrisE 1 PR s LBE et ey drrE%d' 3 the

Sl ceve 63 (UL cRPRG™BE G RHBEUBET Borietcba che it ol ?bs‘ﬁd SRar any
manner . sucHYaE P AT SOt g -eBLptRe SrBae v egl%%a%g%iﬁﬁﬁﬁ tli the
Fravel -1 i e PagUg] oot B et St apalP ‘e ezr%{xﬁ%ﬁbt?%{eﬁﬂ
suitabl e location) to outer sleeve 6ggln an ui.t abl e suc

t hr ough® sol&Pht Y LAEFEN A ?tbaﬁ%/eéicfotl?i’ef 8]§’L“F‘f‘ t 22 {RY eI of

i nner el ement 60 with respect to device body 90. Myre specifically, sleeve
64 element 40 may be moved proximally and over inner element 60 while inner element’60

is stationary. Similarly, stent-engaging element 45 may be moved proximally and

distally over inner element 60 while inner element 60 is stationary.

Returning to FIGS. 2A and 3A and referring also to FIG. 2C, the allowable

20 proximal-distal travel of user-actuatable element 50 is constrained by the length of slot 52
in device body 90, as well the position of stopper 120. First position 121 of stopper 120
shown in FIG. 2A limits the distal travel of user-actuatable element 50 to less than the

full length of slot 52. Preferably, first position 121 corresponds to a distal-most position



20 can be configured to interfere (due to its size) wth the proxinal

openi ng (not |abeled) of cavity 55 of device body 90 (see FIG 3A), and it
can be configured to interfere distally with block 51 (if Luer fitting 100
does not first interfere with Y-adapter 95). 11 FIG 3B is an

enl arged, cross-sectional view, show ng the interaction between el enent 25
and introducer 35, where elenent 25 is ilfterfacing with seal 31 of the
henost asi s val ve of introducer 35. FIG 3Cis a cross-sectional view of a
sub-assenbly of a preferred enbodi nent of 5 device 10, which sub-assenbly

i ncl udes a ¢rwérescrvadibierdxackinrBh whek ted edmerhgadbigicienidne4s eantaigfwipinaiteral

hypot ube 41 secured in any suitable fashion to bl ock 51, such as by a press
fit that tesheihaesTd cahopdndero hé @bpenicbifiqarfich tabid ap@dhesd esens9gh as one
of the Loctite(r) adhesives (e.g., 4014, 4305. 3321, etc.). Block 51 is
secured to St5gfer AU i preddihity 6lacddaB iFirdd odidinOl2g Kvifhi H1g Ssprinkli BFIGEMMadbonded
to elenent 50 and press fit or bonded to 10 block 51. Elenent 40 may al so

i nclude an 3AteéppediBis bedierothted B alsetdhd GRBAGE 1 B(1Heledla8 sHOX IFI@I 29nd Lo
proxi mal hypotube 41 in any suitable manner, such as through Loctite(r)

4305, and athad Asweiet- a&mz@me&@m&mspwéndw&en% shéd@t is. in turn connected
to stent-engagi ng el enment 45 in any suitable fashion, such as an adhesive)
in any suitable n er, such as through an adhesive. El enent 40 nay al so
i ncl ude a support 8 OB P PosP 7 WhasemBlRf @rprefamed srhodiaieat ¢fube 42
and that abuts the di stal end of proxinmal hypotube 41. Support tube 43 may
be connect effVie IQnX}’h‘%lS‘E‘hEﬂS“em‘I’léSd%&hfdﬁhatPEFf?rFﬂdéﬁr?@@FWPb"ft B elemegsbhig any
sui t abl e adhesi ve. The support tube rra be configured to increase the
rigidity of PFAPEt Aeen Hper ft]‘i?bé 64 Fhat pe Ehezl@‘gFPang’éP%foel?lﬁ@lt Geand dwhisat hi ng
stop 44 that is threaded over internediate tube 42 and that abuts the
distal end emisuppbraccenupeuidsvirRelneraidmanyo@mepalaa insinge bisermedinecteedt at any
suitabl e location to internmedi ate tube 42 using any suitabl e adhesive.
Resheatlfi ngbXthapmapbersggurerbaldisiisiy epéepriany pihensneblplasstianato inprreleevettlof t he
stent that is enclosed by outer sheath 20 (not shown in this figure) should
the stent bia ang-syikblet faghdord swdbrry Liokhéte@eAlil ¢ adiyesiye.o besrged Mlessladepb L tvdiich
sub-assenbly 12 also includes a silicone seal 56 that is designed to
prevent thembadkfal lywowbe)fdlg miayexemdtot the pouisil dad off inrenetemehteffeninné0 (and,
nore specifically, an outer hypotube that is part of a preferred enbodi nent
of inner el dament 66@)ayasd indhade queer Rkeb\d §3n(wihlchaeaylhe achypbabell cosecst eeits
retai ner 58.

distal end (or any other suitable location) to .intermediate sleeve 62 in any suitable

15 manner, such as through soldering: outer sleeve 63 aiso may extend to the proximal end
of inner element 60. Inner element 60 may also include a trave]-lirnjt.ing sleeve 64
connected at its distal end (or any other suitable location) to outer sleeve 63 in any
suitable manner, such as through soldering. Sleeve 64 may be configured to restrict the
travel of inner element 60 with respect to device body 90. More specifically, sleeve 64

20 can be configured to interfere (due to its size) with the proximal opening (not labeled) of
cavity 55 of device body 90 (see FIG. 3A), and it can be configured to interfere distally

with block 51 (if Luer fitting 100 does not first interfere with Y-adapter 95).



SReferring to FIG 6, elenent 40 extends such that a portion of it is

| ocated within outer sheath 20. Preferably, element 40 is hollow and its
passagéway accommobdates a portion of inner tube 60 being |ocated within it.
Al ternate enbodi ments of this el enment may be non-hollow Referring to FIGS.
6-7, elenment 40 is coupled to a stent-eppaging el ement 45, 10 which, in
this enbodinent, is shaped |like a shovef®or scoop. Mre specifically, in

t he depicted preferred enbodi nent, internediate tube 42 of elenent 40 is
connected to support tube 46, which is connected to stent-engagi ng el ement
45. St ent - engagFig 3 enenenldiged, srposédionsl edevat shbemgt the ant¢raaiohybetweehi n t he

| umen of stent 30. As elenent 40 noves distally in response to distal
novenent ofelargstr 2acihd anadlueered e melrre BRmestt 2ntis intGfacmggaigh nepl Slleofetie 45
engages stent 30, advancing it along outer sheath 20. In a preferred

enbodi ment  hepogxsinelvemdinteduat 38t ent - engagi ng portion 45 results in no
notion of stent 30. Repeated reciprocating di stal and proxi mal notion of

el ement 40 in {hie FNNC.L EaHLES ) RAVADGRIRA P 2tShk ABMALE ol ¢ eXits
outer sheath 20 hus, ose |nar SKTTT Re ar W f d%rstand
that th ustrate odi_ e nt of device 10 1S c nf| d 70 sucgh that a
user cag ad%anceas %ﬁ?ngﬁasem'éf?dm%uflx?eou %?bo tQE %nf rgﬂg 8]nultlple

engagenent oge el PSRl Rinsiite vl SHrees Har af &%Le.e%?am@%&%c "SEEAT®0. arives

stent 30 distal ut a nec ed conconifta mnthd awal out er

sheat n 20, rihaéém%geécftfr%l aﬁiorrﬁt Bt hestc Aok drpe B B per og
30 _

Cor et th e S5 L S e B BB ©

user - act uat bIe ocat ed t or di st of th r ox end of
devi ce body? W“t éﬁgafjr r@mbrcmﬁq*eo g ww&?‘ha@ BT e S%T 28
provi ded wth rounded 5 dunbhel | - shaped e p.alleviate fatigue
B 55 r actRed. AEEH 0T R B T BRDEF e 8 1 BN Frifiar oLy as
it slides proxinmally within the |lumen of stent 30. Preferabl t he
perfornancdﬂéﬁngkﬁﬁﬂo@H&é@@ﬁﬁpﬁﬁﬁfﬂdhaﬁggp?bﬁdﬁpé9éﬂm595§5 cgdﬁF@F@ shape
selection, as depicted in FIG 7. Alternate_ enbodi nents nay enpl oy
st ent engagi hi§> pBaer Bhdisiherd wisepportdpke 44 (e &, indpm GopREFIE %Stﬁﬁﬁﬁ%’élf@hape to
achi eve stent 10 advancenent. The configuration of the stent-engaging
portion nayeltrée%ﬁésreﬁl>r%lteié%fa5@ev tsugthas anyadeeshre) &t aptsuiPloBagiep(sBgieds. Wien
stent 30 is a woven, self-expanding stent, such as the kind disclosed in
U.S. pat ent threyeh 70 gdigsixg 1 Elemenc 0 may plse dicisie wEPYY upef & fhshieositioned
stent-engagi ng element 45 is preferably configured (as shown in the
fi guresd)S soowsintesmediyte dfhg4gandihapatiupsithe distak ngrps pesviinggd pursituhg 4di ERPBY st ent
30 when driving the stent distally,

tube 43 may be connected at any suitable location to intermediate tube 42 using any
suitable adhesive. The support tube may be configured to increase the rigidity of
intermediate tube 42. Element 40 may also include resheathing stop 44 that is threaded
over intermediate tube 42 and that abuts the distal end of support tube 43, Resheathing
20  stop 44 may be connected at any suitable location to intermediate tube 42 using any
suitable adhesive. Resheathing stop 44 may be configured to prevent proximal
movement of the stent that is enclosed by outer sheath 20 (not shown in this figure)

should the stent be re-sheathed during the delivery process. The depicted sub-assembly



15 and (b) fold inwardly (due, at least in part, to flex slot 48 of the
st ent -engagi ng el enent) and slide proximally within the stent's | unen.

FIG 8'provides a schematic depiction of the stent advancenent process.
Distal end 31 of stent 30 has exited outer sheath 20 and has expanded.

El ement 40 noves proximally and distall¥ as indicated by arrows. As
stent - engagi ng el enent 45 travel s distal?y, it engages and advances stent
30, thus driving it out of outer sheath 20. No advancenent of stent 30
occurs when stent-engagi ng el enent 45 travels proximally due to the shape
of st ent - eridpaghelgdes lacsihisnne =8l 54 that e aldsignddao pomybitghe backBew of flyideanoundngagi ng
el ement 45 enables it to bend inwardly as it noves over and encounters
porti ons (ehgoytsideldf imner elepentGOdasl) mofe speahitall3Oandentdr gpdtite that dxpantedt anovenent
of user-actuatable elenment 50 without disturbing the axial position of the
st ent r el atpraferr¢doerhibreliroent ef inpbred¢rhent BOE el il iy helddw placehpntstagfiessbteelt 30 i s
achi eved wi thout a nechani zed concomttant w thdrawal of outer sheath 20
and wi t houtretainbt 1 of outer sheath 20 relative to device body 90 (aside
fromincidental notion caused by patient's body novenents, vibrations,

etc.). s Fl Rferzed I ,Seger %F@Ql?ﬁ?i@%b&%hé okl ASPL OYIR Qhendy, " @ Dody
vessel . "FIG 9 depicts sten 0 9'h a constraine ,or é1ongate8,
configuration. This,is a anpl e a configuration of stent 30 when it is
W Ehi o out s B0 PRRrES Mragho B B0 AL B A G Sl B B ancied
state in body.vessel 160, which is one.state a self-expandi.ng stent 10may

t ake when i1%°¥té‘3?i %ﬁ‘n%eﬁf‘gbf 68 I?S’é‘tgﬁocfﬁd within 1 nﬁ%CBW‘Ee eé?ﬂ?@ﬁ‘?eﬁﬁsncifsfgs f%gle?)tr esent
devi ces may algo i chude a stent-retention elenent configured to all ow an
oper at or tdn@éfgﬁggP Yhe stent during the advancenent and/or depl oynent
process, provided the stent has not been advanced conpletely out of the
sheat h. Referri RgpfdrandtdEGSL b-ARttnmEAAL0 devoupted i a nielteflesingt ederhent éfent i on

el enent 70 15 coupled to proximl end 32 of stent 30. In a preferred

enbodi ment , wkiohtiackis babvdi@entdisshaged pikieta iovel or afoopt evidre spdetfitailnrin éleement 70
and stent 30 exists as long as proximal end 32 of stent 30 is within outer
sheath 20, @yrfeddpefengd RIBSdifRh:, iMuaisdiie afbesi2est elogiagi 4UYisetanedidd ¢5. Wen
proxi mal end 32 of stent 30 is advanced outside of outer sheath 20. stent
30 expands &uppét ki 45 VB cédndfied Be sgheatsihe Widhen: G5 akBnidngidig radi al
20 direction shown in the figures) of distal portion 71 of stent-retention

el ement 70. eiéfierd 4568 PbditionS® At R&k pRALNE &bt @O Tundd ARENSIENAS RIRAL 40N
el enent 70 ceases, and deploynment of stent 30 is conpleted. Accordingly,

stent - r et enfpbAn &L@gem rebforsS 1O RIREA R ESvdRnVot e aWushiiO teledinPBOXiER) | Y back
into outer sheath 20 (through action by an operator) provided
15 engaging element 45 engages stent 30, advancing it along outer sheath 20. In a preferred
embodiment, proximal motion of stent-engaging portion 45 results in no motion of stent
30. Repeated reciprocating distal and proximal motion of element 40 in this manner
results in advancement of stent 30 until it exits outer sheath 20. Thus, those of ordinary
skill in the art will understand that the illustrated embodiment of device 10 is configured
20 such that a user can advance stent 30 distally out of outer sheath 20 through multiple
engagements of the stent by stent-engaging element 45, where each engagement: occurs

between the proximal and distal ends of stent 30, drives stent 30 distally without a

mechanized concomittant withdrawal of outer sheath 20, and is separated from any



15 that a proximal portion of stent 30 (specifically, the proximl portion
coupled to stentretention elenent 70) is disposed within outer sheath 20.
Referring to FIGS. 2A, 3A and 11-12, proximal portion 72 (also visible in
FIG 3B) of stent-retention elenent 70 is a cable or simlar device that
facilitates wwthdrawal of 5 stent 30 proxinmally back into outer sheath 20
and that may be characterized as a st ent!Bet ention | i ne, provi ded that a
proxi mal portion of stent 30 is disposed within outer sheath 20. Distal
portion 71 of stent-retention element 70 may be a piece of tubing (such as
hypot ube) tsubsequent pngagedent i thpenod toff ploe drivamgi sédnt B0 pdigplec tanAghpuemgs 73

t hat engage openings in woven versions of stent 30. The tubing may be

coupl ed i n mosimalimbstbpant 16T @stacowith sieeiee d9 thhr cueds <oh aegagagntt (whphoxi mal
portion 72. As shown in FIGS. 1 and 2A, Y-adapter 95 nay be coupled to
t he proxi medccpo it iseraoiatddvdiaaend S0yis Yrated an@rditial oé tHeGrovanalzad pf doda t hr ough
straight arm 96 and proxi mal portion 72 may be placed through angled arm 97
of Y-adapt e50d9%0. Asenshbouabink Bleblefd 42May énchidemtflek 8lce A ipedvidel eviinbun@es,i t i on

mar ker 93 may be coupled to line 72 and 15 positioned along the line to the
rel ati ve po&initibeii-sidped badsSthartielf hlddviates fatiqup keds fiactifee asd et rilet adt than

el enrent. For exanple, the marker, which nmay be a piece of heat shrink

t ubi ng, mayalleer et i4onedolaliorgdiy e id diides progimaliatithwhee lirheresft ®on€30.i nt o t he
perimeter of angled arm 97 the stent will conpletely exit outer sheath 20.

I n this waypreRfbBPah@peforiasicedotVitsiidhgdgth partion 45 NatacEovedems appapriager t he
stent has exited the outer sheath. FIGS 1 and 10 2A al so show that the

st ent - r et endpap s@bRIFBNEs BEIcted Gl BB, 2 f ANGRite AnPOBIen8SmEPLRbRY didhel | ne 72
in any suitable manner (e.g., though LOCTI TED adhesive), to provide a user

W th somet hifgeih® paflos it gRADLR KRRPE} dtHePisOthdnBe shiRNo- dcBfec@NkiemN
elenent. FIG™ 12B shows a preferred enbodi nent of Stunt-retention el ement

70, whigh fiRgedenehe Mo ortutafof bOBS stentld o8B fd pMiorARLy BAMAT0 B &¥@NDI €
connection location 99 (for adhesive or the |ike) between line 72 and

finger el engpty R8s (ki Be BEOYRAY HHeRBRE RNY a QUVEL, sORERARERS SentdSchown,
that are threaded together). _
the kind disclosed in U.S. patent No. 7,018,401, which is incorporated by reference,
stent-engaging element 45 is preferably configured (as shown in the figures) so as to (a)
engage wire intersections on opposing sides of stent 30 when driving the stent distally,

15 and (b) fold inwardly (due, at least in part, to flex slot 48 of the stent-engaging element)

and slide proximally within the stent’s Jumen.

FIG. 8 provides a schematic depiction of ‘the stent advancement process. Distal
end 31 of stent 30 has exited outer sheath 20 and has expanded. Element 40 moves
proximally and distally, as indicated by arrows. As stent-engaging element 45 travels

20 distally, it engages and advances stent 30, thus driving it out of outer sheath 20. No
advancement of stent 30 occurs when stent-engaging element 45 travels proximally due
to the shape of stent-engaging element 45. Instead, the configuration of stent-engaging

element 45 enables it to bend inwardly as it moves over and encounters portions (e.g.,



Preferably, device 10 conprises side port 110 (coupled to device body 90)
and 5 Luer fitting 100 (coupled to proximal end 62 of inner tube 60) to
al'l ow for flushing of outer sheath 20 and inner tube. 60, respectively. The
flushing may be with saline and may occur prior to a procedure. Alternate
enbodi nents of the present devices may include alternate designs for
flushing outer sheath 20 and inner tubel$0, or may not be configured to
allow for flushing. FIG 3D is a top view of device 10 and identifies a
cutaway detail 10near the distal end of device body 90 that is shown in

gr eat er detvdtel partionkl €5 stAE30 during RefpesximalgmdertehGof RE;-achecbircklgasit SOon 122
of stopper 120 allows user-actuatable elenent 50 to travel distally the
full | engt Wwitbusdiglirbmg.theTh@alGiositiod ofihs biemasiativeod thd ontseshedtii. URdetidbey, el ement
50 corresponds to a position where stent-engagi ng el ement 45 i s outside

(di stal to)ad@dtc@hensbeatit Ris samehedNGIRLOS ehetliinized egicdmitiev@h&hestof30 Wi | |
be driven 15 out of outer sheath 20 and in its expanded state. A stent in
this positiserkkath 10SandaritRUPMesbr sfitdiskdad] 2PRIAivOR debic@fbodt 80 (usiaet ent i on
el ement 70 can no | onger be withdrawn into outer sheath 20. Furthernore, a
stent if afr@xXPaaERE nt@iodichisedby\pdient PRy hdde@bnt§ VaRERAE BicOV er

stent -engagi ng el enent 45. Alternate enbodi nents of the present devices may
enpl oy other designs to limt the travel of user-actuatable el enent 50, or
have no 20adj ustdht-&-t¢ direirae istheppiichly sl fieployment in gbedy vassels £ 1Hegi ct

anot her enbodi nent of the present devices that includes capture device 80
coupl ed t o 95PIESistHal QY f cosramed or Slaagted cPrigurBione Bl tan FH2mels 5 dr e
device 80 serves to rel ease appropriate ampunts of proximal portion 72 as
st ent - engadicAguraipn of espint0 Whendgianites oueetheats g0 ofdpticsr - ddGi E@sIBYsi ncl udes
a stop that serves to halt distal advancenent of stent 30 prior to ful

depl oyment st 34 Bree evprnfledotiate in kady ypiselt 190 2phichrisong stais acolfieaindiagstee a pi ece
of tubing, such as hypotube, that is coupled at an appropriate location to
proxi maP popay ke Wiep sy Peesshepe P&t or f eedback at the point where further
5 advancenent would result in stent deploynent (thus, the stop can be used

as an indi cator yfohbenbegitleh@N Rt pridehC Bevide§ HayMaltNIdAMR! 2 WhdelrelBRidnOnger be
possi ble). Here, the operator may choose to w thdraw stent 30 into outer

sheath 20 faun4e E&?fighie@ b QHOQYanFHf)Hald? Qo RL-SheheRBhd YieRMuth & le IR KRR kAN
el ement 70, or proceed wth stent deploynent by depressing depl oynent stop

lever 81 (Whigkh aalibyiie blaBesS! HBvilidi Y RASShA HE: ARR! BRI coilfReall SYes: and

the sheath. Referring to FIGS. 11 and 12A, device 10 inciudes stent-retention element 70
15 coupled to proximal end 32 of stent 30. In a preferred embodiment, contact between
distal portion 71 of stent-retention element 70 and stent 30 exists as long as proximal end
32 of stent 30 is within outer sheath 20, even during proximal movement of stent-
engaging element 45. When proximal end 32 of stent 30 is advanced outside of outer
sheath 20, stent 30 expands to a radius larger than the greatest width (taken in the radial
20 direction shown in the figures) of distal portion 71 of stent-retention element 70. As a
result, contact between stent 30 and stent-retention element 70 ceases, and deployment of
stent 30 is completed. Accordingly, stent-retention element 70 is operable to withdraw

stent 30 proximally back into outer sheath 20 (through action by an operator) provided



10perm ts continued distal advancenent of the stent-retention elenent) and
continuing with advancenment via user-actuatable el enent 50. I f the
operat or chooses to withdraw stent 30 into outer sheath 20 for
repositioning, the operator can actuate retention pull lever 84, which (in
t he depi cted enbodi nent) de-coupl es capture device 80 from device body 90
and allows the operator to proceed wit h135 w t hdrawi ng stent 30 by pulling
proxi mal portion 72 of stent-retention elenent 70 proximally. After

wi t hdrawal of stent 30 into outer sheath 20, retention pulley 82 and spring
83 of capt thaea genxiind BOtiapelr stne 30 spadbeallyl dteepresimalsporidgdnaeduplefl to stent-
stent-retention elenent 70. In this enbodi nent, proximl portion 72 of

st ent - r et erdiéntinn eleseetit0) BRlispasedlyethitoweadbehth Bd.ough a porti on of devi ce body
90 that is not centrally disposed within the 20 device body. Alternate
enbodi ment s of r deviges that, i ncl.ude tar AVANeSE: i ncl ude
capture devi cesﬁ%}ﬁg{hg??ﬂ%%nﬁ’g%r %‘(ﬁi IIc}l %T@?%ﬁ%?lyp o?tfo?)lnﬁ' c(glﬁ S){sﬁﬁeﬁ@ﬁ@ 80,
such as au d.capture devigces, Fur re.. capture devi y be
coupl od t o hgr e RRNE: S DA ph R TR Ry CRR A B RS IRFRY 10
pl ace of fin el ement . 98.. 18 Th resent vice b | Sposabl e
and paéiagéﬁgﬁﬁ)%Dﬁgﬁ&yﬁ%ébﬁF)%g?fh8¥h6§ﬁ§?%§ﬁFP§%?§h%%%?§?%é??Sap%er
having been sterilized.usi any.suitabl e techni.que, such .as sterilization
el g et hy PRioh it ¥ gided Bl adibiaRy rhiea T Dy Sinst ST B b L enc
of the out eath and_the proximal end of the nose. con o allow for the
sterilizi néB'gj%]‘Stgl RBUEY 6@v°fﬁ‘??)tif§tﬁ%tmn e?‘?{%en iR bﬁgleﬁ%ﬂftetgl&r?ér Suncgyasi ncl ude
instructions far using the device that ar rinted on the cantainer or

ol uded | REpeibe) HERCE el et iy P b RBeROe el FPbATF S

contai ner, saline may be used to flysh he quter ipeatqﬁgnd its_cqntents
and the i nfBFNIRLHE. WAER YGEPMS A BRI hd DRILRNE g1 PEFGURIHE At %eF @REat h can
t hen be cl gsed by gulling proximally aon the inpner tube to which the nose
cone i 40 codpiied (Such 23 BrQugl sYIPETIEH PR IMGOPIRY &t enting a bl ood vessel, any
sui tabl e technique for positioning the device in the appropriate |ocation

may be used (e.@gs sho@h iRFIGHE] 364 dANFREdbEE DFi Fatehe chipRdNOSBe poxemalf t he
device (which nay be any suitable flexible tip) may be radi o opaque and may

represent aoflichtatl deliRs ool e indeP fubt 50 ﬂ@vb@?laceﬁn@ioheﬁ steAeH: QriapBoa mar ker
made fromany suitable material (such as a p ati num band, or a band made

fromany 15:s4inbiafdonPioahiybeRlakd QYdughtygloe af@UPbed alifHia PO Nk iskdwiOim t he
device that is proximal to the nose cone, such as to the outer sheath (as

di scussed ghgvep, a &lefNRANLGAD cleRbnt fA8ibANRIKE! BRAY be tQupfdi@Blifedr2 and
proxi mal - nbost marker for the device. These two nmarkers may be used by the

oper at g t ,oRRShddl MhotHE LiREW RE rdifivabbYBort f t1hBSeh@BA QN RblekiNd Elet®ini-t O
enabl e accurate depl oynent of the stent.

retention element. For example, the marker, which may be a piece of heat shrink tubing,
may be positioned along the line such that when it extends .into the perimeter of angled
arm 97 the stent will completely exit outer sheath 20. In this way, an operator has a
visual indicator that conveys how far the stent has exited the outer sheath. FIGS. 1 and
20  2A also show that the stent-retention element may include a finger element 98 coupled to
line 72 in any suitable mahner (e.g.. thoygh LOCTITE® adhesive), to provide a user with
something to hold to enable manipulation of the stent-retention element. FIG. 12B shows

a preferred embodiment of stent-retention element 70, which finger element 98 in cross-



The present nethods include stent advancenent nethods for distally driving
a stent out of a sheath (e.g., outer sheath 20) and into a tubular
structure. In sonme enbodi nents, the tubular structure is aninmal tissue
(such as a human bl ood vessel). In other enbodi nents, the tubular structure
is not animal tissue and conprises a pﬁ% mer 19 structure that can be used
to test a given device technique or de %strate stent advancenent to one or
nore persons, such as a doctor considering using the device or stent
advancenent technique in his or her practice. Sone enbodi nents of the
present st esrtiomdmd ribevingt anrexamplis comertitpelogitionaq yios adhdsivengy dedlikeht (e. g. .
stent 30) out of a sheath (e.g., outer sheath 20) and into a tubul ar
structure bytweepbet Bdingd fevggragémepnt OB ewbick ntay havenerm apd sutdi sanglonentid apr oxi mal
ends with a stent-engagi ng el enent (e.g., stent-engagi ng el enent 45), where
at | east t woovof, thahge €negdegbieethe).are separated by a period of

non- engagenent; and as the stent is distally driven out of the sheath,

varying fhe o gl Beietol LR REe Tl Mk D AR ABULAL, BRESS UoF 10, bV
As the stent is driven distally . i he. t i pder of the
devi ce ?s &ff%ﬁwgﬁﬁ&g(€§P%%E1V¥E§H¥ﬁ%j8b§$g§%ﬁﬂ%eggfggggfga{ eﬁ?ﬁgﬁlar
structure so that.the depl oyed portion.of tent ins;: statigopary

el atve t guEhBRrBaaY POy 0F Bors i Fheiftof By B TR P RRP Y

depl e, T o Bt SRRl oL I ST B it B, T, be
increases the axial densjty of the stent. whereas.a faster rate decreases
the axial JUROPEgeigns frfhugtling puey S?‘e%ﬁyBB%d BRGPRR0oTE, To Pe B RE o
density of the stent .in, xanpl e, a lLocation where.a greater. hoop
strength i¢° Fﬁ%%‘frg‘wsﬁ‘ﬁg'rél%rr“utq’gi'ﬁg?‘?ﬁ’e‘;lf)‘étota%v3}ceo® af‘mfef‘ﬂ%ﬁlaa‘fugs‘\a? L?S&aﬁr e, such
as along a steposed regigon.210 o n artery 200 as sho in FIG 15A It
my e TeqinFahadite) gng Chuieens P L3 i s gie) S5t PHACstont 1 n. f or
exanple, a location where fluid flowinto a section of the stent fromthe
side is antici pRegif wddsi 2&Gecoti patitibhe2? etabppen 1f allpen akéraicivanblel a
second stent. either of which may be true at an anatomical side branch 260
of a vesselejdRr 85 tsh@aNdiballf-the full RBeth i2@lot 52. The distal-most position of user-

actuatable element SO corresponds to a position where stent-engaging element 45 is
outside (distal to) outer sheath 20, and therefore in a region where stent 30 will be driven

out of outer sheath 20 and in its expanded state. A stent in this position that is de-coupled

—
(93]

from distal portion 71 of stent-retention element 70 can no longer be withdrawn into
outer sheath 20. Furthermore, a stent in an éxpanded condition will have radial clearance
over stent-engaging element 45. Alternate embodiments of the present devices may
employ other designs to limit the travel of user-actuatable element 50, or have no

20 adjustable travel-limiting feature.

FIGS. 13-14 depict another embodiment of the present devices that includes
capture device 80 coupled to proximal portion 72 of stent-retention element 70. Capture

device 80 serves to release appropriate amounts of proximal portion 72 as stent-engaging



Sonme enbodi nents of the present stent advancenent nethods include distally
driving, a stent stent 30) out of a sheath (e.g., outer sheath 20) and into
a tubular structure by repeatedly engaging the stent between its distal and
proxi mal ends with a stent-engaging el enent (e.g., stent-engagi ng el enent
45), where at least two of the 5 engageg?nts are separated by a period of
non- engagenent; and engagi ng the stent its proximal end with a
stent-retention elenent (e.g., stent-retention elenment 70) that is
positioned within the sheath. I n sone enbodi nents, the engagenents
that drive cldmensertvagtiessient3). Cepmerdesics R inchideres storthacssrvey ichalishish) a

device that is configured to not nechanically 10 concomttantly mﬁthdraw

t he sheat h adsancéraens oépienti39 paior veefulldieploameny of siget3Oafsom leptey gheathdls T3f t he
present devices shown in the figures. The tubular structure in those

enmbodi ment stapawhizh cam bam aicondicabing.soch ay hyppwbetthat és coyplet anan 2ppapsisiel  or
duct, or a tubular structure that is not animal tissue, such as a pol yner

t ube 300 (Se=mtibt @ prb5B)al pReigar7d) posides npgTneieedtiaok antntpeint therenfetthasd may

al so include engaging the stent at its proxinmal end with a 15

st ent - r 8t enidvaneméere wenld eduitin seniptepioymemd thuwi thditop ¢anebesiahdshan ifkhautor
stent-retention elenent may include a stent-retention |line, and the nethod
may al so i ndlthediecatiah taewhitlh etesttveiritdraval pall ho &inkse-tetrpovsdisie)o UtHergfthe dperasdreat h,

- withdrawi ng the stent back into the sheath by noving the stent-retention

i ne. An opefiatidoséray vatidawpser3d neo dntey ishepttoR0 tfhe reploginédnityy bppulling a
user-actuatabl e elenent (e.g., user-actuatable elenment 50) with the

oper at or s grbimally dh@etQetsit@ntlemmyt Te ovwroad with Steandeplogmentiby depresyigt may
engage nmultiple wire intersections of the stent and nove distally during

t he engagen@picsmehatopdédey 81 (V{"lﬁc}silbms,theas%b dohgpst tatdepiganem goplieseaid may
slide proximally within the stent's |unen during the period of

non- engagengyidnits cohlinued distal 3@¥HRcefient BRthp kesEBlentiRtdkantst)ane cominningsvitf
instructing another or others on how to advance a stent out of sheath and
into a tubul@kncehEmGidiiser-acRRmBicadedi sents of the present stent advancenent
i nstruction nmethods include instructing a person on hom/to use a stent

del i very deviceég ., device 10% %ﬂ |ncludes H é 585 . outer
sheath 20) and S‘%P"éﬁ“f’f theogys to Wl 3@5“ 1%‘{38&@6 eﬂt CHEOTHESE RN $he
instructing may include denonstrating faoll oW ng steps to the person:
distally drihﬁloﬁifa‘f’h%ansﬁ%‘ﬁ‘te r%‘ﬁ?tloc.‘i‘fP“pH%"% ﬁga‘flﬁd}iﬂﬁl therflegicied embadimiend deuct ur e
by repeatedly engag the stent between its distal and proxi mal, ends with
a st ent - eng&yPlsg © Rtice & fom deyighpodnghifidrylons é‘}?e‘?PFmEES)‘O PWﬁ%’fié’V 1 | east
two of the engagenents are separated by a period of non-engagenent; and, as
the stekft i §1tg‘i1f§‘b”&gl %?eniégr‘P“v@thﬂatpr?i‘f‘mf‘h§°§1H%a7t~h°f YERTERRINEeEEN A0 densi ty

of the stent within the tubular structure _
proximally. After withdrawal of stent 30 into outer sheath 20, retention pulley 82 and

spring 83 of capture device 80 operate to accumulate excess slack of stent-retention
element 70. In this embodiment, proximal portion 72 of stent-retention element 70 may
be threaded through a portion of device body 90 that is not centrally disposed within the
20 device body. Alternate embodiments of the present devices that include capture devices
may include capture devices that are configured differently from capture device 80, such
as automated capture devices. Furthermore, capture device 80 may be coupled to angled

arm 97 in the embodiment of device 10 shown in FIG. 1, in place of finger element 98.



by varying the axial position of the sheath relative to the tubular
striucture. Sone enbodi nents of the present stent advancenent

i nstruction nmethods include instructing a person on how to use a stent
del,ivery device (e.g., device 10) that includes a sheath (e.g., outer
sheath 20) and a stent (e.g., stent 30) gisposed in the sheath. The 15
instructing may include denonstrating t follow ng steps to the person:
distally driving the stent out of the sheath and into a tubular structure
by repeatedly engaging the stent between its distal and proximal ends wth
a st ent - engagi nghepesatdeyigesgnay B disposeblg 2g¢ Packegasni@m bags poudhh e %at | east
two of the engagenents are separated by a period of non-engagenent: and
engagi ng t lnthes swiable gonthiper, pltaphiying beenciondizdd usingtapy suitable sevhhigne, sladreent
70(e.g., stent-retention elenment 70) that is positioned within the sheath.
The i nst r usteribmtive ukiog sthyigye bedagwoiileiesthadbd nsmdhwperbodn reendigalpda | i ve
denonstration in the presence of the person and in other enbodi nents by a
recorded orof shemukeaskathdewdthes proaimab end dicthe nese phpyedlipwrior the sipalimmgigas An
exanple of a recorded 22 denonstration is one that was carried out by a
per son and te &ptvutheghgbout gcardeace. Ahexenphe miy amcBidenibsavetibnd doowste diki on |1 s
one that did not actually occur, and that instead was generated using a
conput er syetieathanae arigedpin ihe soppingrannclided inseleclas@nainea Afechadddicer

si mul at ed denonstration, the denonstration may exist in any suitable form
5 such as ds e¢mdVD fedm iith cdAingt)i shiadd Mayitdesed itd €lufls dehowds hiaath ripg its. nov. ,
.qt, .rm .swf, or .wnv file)-and the instructing nmay be acconplished by
pl ayi ng t heoden®asd thainnenubar Thehap be@wer thel abdeGordyhdShe duadi|sBeattodsp tite@r
system The viewer or viewers may cause the denonstration to play. For
exanpl e, the ddsedvey pilliyg pR&EESIyldiahs RGer dBdioowhish e hateechnel eyaapied.atfi on file
using the intenet, or any suitable conputer systemthat provides the

10vi ewed Wi thbpResRESint@vdshitentihd £bloSe @edstiGnykbitable technidud feieionatie of the
present nethods that involve stent delivery into an anatom cal structure.
and the devietRe s et dpproprigeNBdatish nlahbenBbd@ds, issc Bs the GREIiIFRH dcRGLe).ON
within a patient to start the stent advancenent, the novenent (e.g, the

ratcheting TRUREERN oPthe HBSHAThTOIIRIGTRNIbRITRRBRLHS Ay BE A speGle t hat
the distal end of the

and may represent a distal-most marker for the device. Another radio opaque marker
made from any suitable material (such as a platinum band, or a band made from any
15 suitable platinum alloy) may be coupled to a portion of the device that is proximal to the
nose cone, such as to the outer sheath (as discussed above), element 40, or the inner
element, to create a proximal-most marker for the device. These two markers may be

used by the operator to position the device relative to the lesion of interest to enable

accurate deployment of the stent.

20 The present methods include stent advancement methods for distally driving a
stent out of a sheath (e.g., outer sheath 20) and into a tubular structure. In some
embodiments, the tubular structure is animal tissue (such as a human blood vessel). In

other embodiments, the tubular structure is not animal tissue and comprises a polymer



15 stent (which can also be provided with one or nore radi o opaque narkers
to.’enabl e easier viewing of its position during the procedure) exits the
outer sheath of the device, but not to such an extent that it expands to
contact the anatom cal structure. If the distal end of the stent is

proxi mal of where the operator wants it, and a stent-retention elenent is
used, the stent-retention el enent can bd9%ulled proximally to resheath the
stent and reposition 20 the device: if the stent is distal of where the
operator wants it, the entire device can be w thdrawn proximally and the
depl oynent spnacessaceai ibauedd tdhestds fdiemedevifec adchitigs: of dehengpraesemit devi ces
can be made from comercially- 23 polyether block am de (such as PEBAX(r)
resin, avaiddedicemédtasnods kemdrel fresonhutiaskeh abdter, conéiflerind Wingtthd d@adet dron of

i nner elenent 60 (such as inner sleeve 61) may be made from pol yi m de and
coupl ed t O senfidvandeireXd teetniqueid hiosr H¥pgacdideom st ai nl ess st eel hypot ube (such
as 304 or 316L stainless steel). Luer fitting 100 coupled to inner el enent

60 (e.g., 5 outer sleeve. 63 be made from pol ycarhonate, Qufer sheath
50ty be made. BB SRRSO PEOTE B GORTE e Tedegs el

PEBAX(r) resin). Device bod 0, useractuatable e|e 50,. bl ock 51, and
st opper ! 1201%'1‘;{{? %%‘e‘?fé&é"is?%%goilﬁt ?é‘?: F]?ﬂaghétgr’i?“éer o} ‘Eaggl%ﬁr?é é‘ftﬁraetﬁé‘)mpl astic,
pol ycarbonate, or,  DELRIN(r) acetal resin (avail able from DyPont). Stopper
120" may be THHPICE feBeacHY SPSIRE dhstiemd| PeEHEP Ay it tanp Paxmal; qndy @ity

descri bed above. Elenment 40 may have a shaft fornmed from polyimde (or, a
series of sYEffRagiag §lememdegp StRFEASBROUNRefO): Vheat ahﬂcéswéﬂvf Rm
polyimi de or nitinol hypotube), and stent-engaging el ement 45 nay i ncl ude
or be coupl@EIHICH FHoPPABIARY DPeivrtaf Ror-cRgIssEHe 2k agythe stegbis 48 coupl ed
"to the polyimde shaft with a suitable adhesive (e.g, LOCTITE(r) adhesive,
whi ch i ncl uliEsn eyaidheciyrtht we)ngthe vHalrleatiy Hfthaitent waghinithe whyat st feashi oned
in the desired shape and wel ded (e.g, |aser welded) to the short piece of

ni ti nollOhy ploit vasEng Be axial pasitionof Ba skdadneltive® thalbylacityesrea disithe ertii ned
stainless steel wire (used as proxinmal portion 72) that is covered with a
mat eri al sudrivendisiallly ont oftEPshehthyibe 'rermirégr et thy deviee ipvathdlaeneyoximilisny. or PET
(pol yester) tubing, and distal portion 71 nay be nade from stainl ess steel
hypot ube. R topereipp rddativet lophe itbylab stracie rsot thatrtbel demoyed portipa ¢fr the tsieon
between the parts that contact or may contact either other during use of

t he presentredeins cesionxyicdlans to it @btlabgtuseen (¢ hehwnasntisseendntd ériduit ey

sheath. The present devices may be used to deliver self-expending stents
t hat . ar e wodepipyed. The rate at which the remainder of the device is withdrawn may be varied to

15 vary the axial density of the stent: a slower withdrawal rate increases the axial density of
the stent, whereas a faster rate decreases the axial density of the stent. It may be
desirable to increase the axial density of the stent in, for example, a location where a
greater hoop strength is required to maintain the patency of the tubular structure, such as
along a stenosed region 210 of an artery 200 as shown in FIG. 15A. It may be desirable

20 to decrease the axial density of the stent in,_ for example, a location where fluid flow into
a section of the stent from the side is anticipated or desired, or at the location of
penetration of a second stent, either of which may be true at an anatomical side branch

260 of a vessel 250 as shown in FIG. 15B.



24 techniques that may be used include those in U S. Patent Nos. 6,792,979
and 7,048,014, which are incorporated by reference. The strands of a woven
stent fmy termnate in strand ends (e.g, wire ends) that are then joi ned
toget her using small segnments of material, such as nitinol hypotube, when
the stent strands are wi res nade fronInihinoI. 5 The stent may be

passi vated through any suitable techniq& in order to renove the oxide

| ayer fromthe stent surface that can be forned during any heat treating
and anneal ing, thus inproving the surface finish and corrosion resistance
of the stent matere#mboggepisfehe pesnt sieahpd @acemeahmedigds inchide gisellys t hat
may be used with the present devices (including the strand crossings that
may be engagesthgystentdng- sagjaty) 9yt ef 2 pkeath @), oyree skpath 3W rapd intp a 1oyl Pat ent
Application Serial No. 11/876,666, which is incorporated by reference.

It shoul d bugnderystepatedishengagihg tr sierd hetvibew iits distairod prexbod sndy withet
intended to be limted to the particular forns disclosed. Rather, they are
t o cover alstenprefiafing alénomms (c.equicuadngagisg cdamenalb erwigtd wedattatwo nigthei t hi n
the scope of the clains. For exanple, while 15 the enbodi nents of the

pr esent 5 deengesmshw\we Jepartthebf b gariasofi mmnlandemt mants brehéngegiga diersgenebtersent and
a user-actuatable el enent that noved the sane distances in response to
oper at or i rppoimalbtink witk dbschtiretatteonoflemnte (prze semt-rethavipe eenmeoul/@ thacisude
gears or other nmechanisns that create a ratio between the distance that the
user - act uatpbitieneal widemtherimads and the resulting distance that the
stent-engagi ng el ement noves that is not 1:1 20 (such that the

i ti I i St. at I )
ectprocat ing ChoTEAL SShARE, SR ARR B Bl BN BIT5R sy
I th t f hi evi ) i odi t of tent i
order o adVSRReTRY i AEEY SSEcH RIS (H ot it BEL L doolet  PFYARFRechani sm
simlar,.to the one t ent

ho! i U S. P 25 . No. 5,968, 052, _which i
heor odPat Sy REr R SRR B SR R B ar g RB NS (OB R NSRS T
i t b fer , 1 h t- I | t that Tt at
T PerCt bt e Pkt RSN S gte Tsn Be BeE R S e R e i o' 1 ©°

engage the stent durin art of a given rotati on and not engage the stent
durgi %g anottﬁaeqn ‘ﬁ%}o{mﬁl g{bﬁ]ﬁ{ structure, siich as a vessel or duct, or a tubular sm?cu?re that 1es

not animal tissue, such as a polymer tube 300 (see FIG. 15C). Regardiess, in some
embodiments, the method may also include engaging the stent at its proximal end with a
15 stent-retention element that is positioned within the sheath. The stent-retention element
may include a stent-retention line, and the method may also include, after the stent is
partially-driven out of the sheadth, withdrawing the stent back into the sheath by moving
the stent-retention line. An operator may accomplish the driving of the stent by moving a
user-actuatable element (e.g., user-actuatable element 50) with the operator’s thumb. The
20 stent may be woven, a stent-engaging element may engage multiple wire intersections of
the stent and move distally during the engagements that drive the stent, and the stent-
engaging element may slide proximally within the stent’s lumen during the period of

non-engagement.



5 rotation. Furthernore, still other enbodi ments may enpl oy other forns of
reci procati ng novement of a stent-engaging el ement (such as stent-engaging
el enent 45), such as through another form of operator input like a

rotgati onal user-actuatable input (rather than a translation input, as is
shown in the figures) coupled to the stggt-engaging el enent via a cam
10The clainms are not to be interpreted I ncl udi ng nmeans-plus- or
step-plus- function limtations, unless such alimtation is explicitly
recited in a given claimusing the phrase(s). "nmeans for- or_ "step for,"
respectively. Sem¢e g pleant methadyug meehody R pEicHRE aneiehor Aherg poldh: a
stent disposed within the outer sheath, the stent having a distal end and a
proxi mal eri@ advgnes et oHgelgihayh andpine Yyl srushiee aeme eabedipeit Pty wi t hin

the lumen of the stent; and a stent-retention el enent coupled to the
proxi mal erpgeseit stehleadg anspment instruction methods include instructing a person on how to use

a stent delivery device (e.g., device 10) that includes a sheath (e.g., outer sheath 20) and a
5 stent (e.g., stent 30) disposed in the sheath. The instructing may include demonstrating
the following steps to the person: distally driving the stent out of the sheath and into a
tubular structure by repeatedly engaging the stent between its distal and proximal ends
with a stent-engaging element (e.g., stent-engaging element 45), where at least two of the
engagements are separated by a period of non-engagement; and, as the stent is distally
10 driven out of the sheath, varying the axial density of the stent within the tubular structure

by varying the axial position of the sheath relative to the tubular structure.

Some embodiments of the present stent advancement instruction methods include

instructing a person on how to use a stent delivery device (e.g., device 10) that includes a
sheath (e.g., outer sheath 20) and a stent (e.g.. stent 30) disposed in the sheath. The

15 instructing may include demonstrating thel-following steps to the person: disfally driVing
the stent out of ti)e sheath and into a tubular structure by repeatedly engaging the stent
between its distal and proximal ends with a stent-engaging eiement (e.g., stent-engaging
element 45), where at least two of the engagements are separated by a period of non-
engagement; and engaging the stent at its proximal end with a stent-retention element

20 (e.g., stent-retention element 70) that is positioned within the sheath.

The instruction methods may be accomplished in some embodiments by a live
demonstration in the presence of the person and in other embodiments by a recorded or

simulated demonstration that is played. for the person. An example of a recorded



where the device is configured such that: the stent-engaging el ement can be
operated in a reciprocating manner to engage and advance the stent distally
at least partially out of the outer sheath: and the stent-retention el enent
wil] stay in contact with the stent during proxi mal novenent of the
stent - engagi ng el enent provided that the proximl end of the stent is
di sposed within the outer sheath. 2. The“device of claim1. further
conprising: a handle coupled to the outer sheath such that the outer sheath
cannot nove relative to the handle; and a user-actuatable el enent coupled
to the handkmonstragonyisegneabatusirsapiriededws rhynt patsso abdicariuredgplcanerap Ahe
stern-engagi ng el ement by an el ement having a passageway. 3. The device of
claim 2, fuxirthge otospuiasidniymon@itien staop st dii ros edually cedri angltthppdssigafion t hat
restricts distal advancenent of the useractuatable element. 4. The device
of cl ai m 2,wd ugehdrered eomprd somputer system and a graphics program. In the case of a

recorded or simulated demonstration, the demonstration may exist in any suitable form—

5 such as a on DVD or in any suitable video file (such as an .mpg, .mov., .qt, .rm, .swf, or

.wmv file)—and the instructing may be accomplished by playing the demonstration for

the viewer using any suitable computer system. The viewer or viewers may cause the

demonstration to play. For example, the viewer may access the recorded or simulated

demonstration file using the internet, or any suitable computer system that provides the

10 viewer with access to the file. See FIG. 16.

In embodiments of the present methods that involve stent delivery into an
anatomical structure, and the device used to accomplish the method is in a desired
location within a patient to start the stent advancement, the movement (e.g, the ratcheting
movement) of the stent-engagement element can begin such that the distal end of the

15 stent (which can also be provided with one or more radio opaque markers to enable easier
viewing of its position during the procedure) exits the outer sheath of the device, but not
to such an extent that it expands to contact the anatomical structure. If the distal end of
the stent is proximal of where the operator wants it, and a stent-retention element is used,
the stent-retention element can be pulled proximally to resheath the stent and reposition

20 the device: if the stent is distal of where the operator wants it, the entire device can be

withdrawn proximally and the deployment process continued.

The different features of the present devices can be made from commercially-

available, medical-grade materials. For example, nose cone 150 may be made from a



an inner elenment having a portion positioned within the elenent having a
passageway, the inner elenment being configured to accept a guidewire. 5.
The device of claim2, where the .user-actuatable element is a novable
within a slot of the handle. 6. The device of claim1l, where the stent has
a deploynent length, the outer sheath h?ﬁ a distal end, and the device
further conprises: a marker coupled to e outer sheath and spaced apart
fromthe outer sheath's distal end by a distance correspondi ng

substantially to the deployment |ength of the stent. 7. The device of
claim2, fuwotyeder Wosknnigd (sgch as PEBAX @ ssin, apilphtlefomdirkémea hafthiledelphgs, The
device of claiml1, further conprising an elenent that can be coupled to the
out si de of RAe Adisel pghieadhinnértedengine 6 (ducihed mgercdaeié GLirmay bomedet meriace with
a henostasis valve of an introducer. 9. The device of claim1, further
conpri Si ng:polyihzindhé cogiel ®ck Moret frexionat portish gatih fromciaitlbatstdechbymutber sheat h
cannot nove relative to the handle: and a Y-adapter coupled to the handl e:
(such as 304 or 316L stainless steel). Luer fitting 100 coupled to inner element 60 (e.g., .
5 outer sleeve 63) may be made from polycarbonate. Quter sheath 20 may be made from a
braided polyether block amide (e.g, a braided PEBAX® resin). Device body 90, user-
actuatable element 50, block 51, and stopper 120 may be made from ABS (acrylonitrile
butadiene styrene) plastic, polycarbonate, or DELRIN® acetal resin (available from
DuPont). Stopper 120 may be coupled to a stainless steel spring that biases it as
10 described above. Element 40 may have a shaft formed from polyimide (or, a series of
shafts, as in the preferred embodiment, that are made from polyimide or nitinol
hypotube), and stent-engaging element 45 may include or be coupled to a short piece of
nitinol hypotube (e.g., tube 46) coupled to the polyimide shaft with a suitable adhesive
(e.g, LOCTITE® adhesive, which includes cyanoacrylates) and a piece of nitinol
15  hypotube fashioned in the desired shape and welded (e.g, laser welded) to the short piece
of nitinol hypotube. Stent-retention element 70 may include an intertwined stainless steel
wire (used as proximal portion 72) that is covered with a material such as nylon, FEP
\ (fluorinated ethylene propylene) tubing, or PET (polyester) tubing, and distal portion 71
may be made from stainless steel hypotube. Furthermore, steps may be taken to reduce

20 the friction between the parts that contact or may contact either other during use of the

present devices, such as contact between the stent and the outer sheath.

The present devices may be used to deliver self-expending stents that are woven,

including stents woven from multiple strands, such as wires. Some examples of weaving



where the stent-retention elenent includes a distal portion and a
stent-retention |ine extending fromoutside a branch of the Y-adapter and

t hrough the 28 branch, the handle, and a portion of the outer sheath to
the, distal portion of the stent-retention elenent. 10. The device of claim
1, where the stent is woven, and the stent-engaging el enent is configured
so as to (a) engage wire intersections @A opposing sides of the stent when
driving the stent distally, and (b) fold inwardly and slide proximally
within the stent's lumen. 11. A device conprising: an outer sheath; a

handl e coupdcdighe thitengieatsed nemtid) toue m UllaPattheNaoub, 292, 50ead 17,0480t nove
relative to the handle, the handl e having a proximal end; a stent disposed

Wi t hi n t he viiidtesire Sheapdiated Be refbRide. NBANd Bghnds df & tvadvee REn@MEy Srimaki ival end;
and a stent-engaging el enment configured to engage the stent between the

SlihSE al and spaxend@! (eendeire0tndshens t@nthenfoaice bfthedaringesmal s@fehgusred such
at :
material, such as nitinol hypotube, when the stent strands are wires made from nitinol.
5 The stent may be passivated through any suitablé technique in order to remove the oxide
layer from the stent surface that can be formed during any heat treating and annealing,
thus improving the surface finish and corrosion resistance of the stent material. Suitable
stent creation techniques for stents that may be used with the present devices (including

the strand crossings that may be engaged by stent-engaging element 45) are set forth in
10 U.S. Patent Application Serial No. 11/876,666, which is incorporated by reference.
* * *

It should be understood that the present devices and methods are not intended to
be limited to the particular forms disclosed. Rather, they are to cover all modifications,
equivalents, and alternatives falling within the scope of the claims. For example, while

15 the embodiments of the present devices shown in the figures included a stent-engaging
element and a user-actuatable element that moved the same distances in response to
operator inpﬁt, other embodiments of the present devices could include gears or other
mechanisms that create a ratio between the distance that the user-actuatable element
moves and the resulting distance that the stent-engaging element moves that is not 1:1

20 (such that the reciprocating element distance can be greater or less than the user-
actuatable element distance). Furthermore, still other embodiments may employ other
structures for achieving periodic engagement of a stent in order to advance it distally,

such as a through a squeeze-trigger mechanism similar to the one shown in U.S. Patent



a user can advance the stent distally out of the outer sheath through
multipl e engagenents of the stent by the stent-engaging el ement, where each
engagerent: occurs between the proxi nal and distal ends of the stent,
drives the stent distally w thout a nechanized concom tant w thdrawal of
the outer sheath, and is separated from any subsequent engagenent by a
period of not driving the stent distallgs and 29 the user's proxinal - nbst
poi nt of contact with the device that causes each engagenent is |ocated at
or distal of the proximal end of the handl €. 17. The device of claim 11,

further conpe.isodsgis2awkeBlis aedodstrall 8y ebfermed, of qunl 8dprden e dlandke, the
user -actuat abl e el enent al so being coupled to the stent-engagi ng el enent by

an el enent PEVE RYiRoPEREAAMNRN eredek; SNerGH £ QeeRf-erzh@hdMelbRentd WAt Rftes
conpri si ng:
rather than translates and that possesses a cam portion configured to engage the stent
during part of a given rotation and not engage the stent during another part of that .
5  rotation. Furthermore, still other embodiments may employ other forms of reciprocating
movement of a stent-engaging element (such as stent-engaging element 45), such as
through another form of operator input like a rotational user-actuatable input (rather than
a translation input, as is shown in the figures) coupled to the stent—en-gaging element via a
cam.
10 The claims are not to be interpreted as including means-plus- or step-plus-

function limitations, unless such a limitation is explicitly recited in a given claim using

the phrase(s) “means for™ or “step for,” respectively.



a stopper biased to a first position that restricts distal advancenent of
the useractuatable elenent. 14. The device of claim 12, further

conpri sing: an inner elenment having a portion positioned within the el enent
havi ng a passageway, the inner element being configured to accept a

guidew re. 15. The device of claim 12, where the user-actuatable el enent
is a novable within a slot of the handl@e 16. The device of claim11,
where the stent has a deploynent |ength, the outer sheath has a distal end,
and the device further conprises: a marker coupled to the outer sheath and
spaced aparwgd¢pRIihe outer sheath's distal end by a di stance corresponding
substantialTy to the deploynent |length of the stent. 17. The device of
claim 12, furtheyGambishige: a side port coupled to the handle. 18. The
device of claim 11, further conprising 30

an outer sheath:
a stent disposed within the outer sheath, the stent having a distal end and a
proximal end;
a stent-engaging element positioned at least partially within the lumen of the
stent; and
a stent-retention element coupled to the proximal end of the stent;
where the device is configured such that:
the stent-engaging element can be operated in a reciprocating manner to
engage and advance the stent distally at least partially out of the
outer sheath: and |
the stent-retention element will stay in contact with the stent during
proximal movement of the stent-engaging element provided that

the proximal end of the stent is disposed within the outer sheath.

!\)

The device of claim 1, further comprising:

a handle coupled to the outer sheath such that the outer sheath cannot move
relative to the handle; and

a user-actuatable element coupled to the handle, the user-actuatable element also
being coupled to the stent-engaging element by an element having a
passageway.

3. The device of claim 2, further comprising:



an elenment that can be coupled to the outside of the outer sheath, the
el enent being configured to interface with a henostasis valve of an
i ntroducer. 19.The device of claim 11, further conprising: a Y-adapter
coupled to the handle: and a stent-retention el enent coupled to the
proxi mal end of the stent; where the stent-retention elenent includes a
distal portion and a stent-retention |i Ré ext endi ng from outside a branch
of the Y-adapter and through the branch, the handle, and a portion of the
outer sheath to the distal portion of the stent-retention elenment. 10. The
devi ce of cl ai malstoppéubpitdedito gdimysrposiiing thag restristst distalt amancomens| @ rienusecoupl ed
to the proximl end of the stent. 11. The device of claim1ll, where the
stent is woven, and tdrengiedi¢tmengagi ng el enent is configured so as to (a)
engage wire intersections on opposing sides of the stent when - driving the
stent distally, Thade(itx)ofictim 2j foberdtbmpesidg:sl i de proximally within the
stent's lunmen. 11. A device conpri sing:
an inner element having a portion positioned within the element having a
passageway, the inner element being configured to accept a guidewire.
5. The device of claim 2, where the -user-actuatable element is a movable within a
slot of the handle.
6. The device of claim 1, where the stent has a deployment length, the outer sheath
has a distal end, and the device further comprises:
a marker coupled to the outer sheath and spaced apart from the outer sheath’s
distal end by a distance corresponding substantially to the deployment
length of the stent.
7. The device of claim 2, further comprising:
a side port coupled to the handle.
8. The device of claim 1, further comprising
an element that can be coupled to the outside of the outer sheath, the element
being configured to interface with a hemostasis valve of an introducer.
9. The device of claim 1, further comprising:
a handle coupled to the outer sheath such that the outer sheath cannot move
relative to the handle: and
a Y-adapter coupled to the handle; -

where the stent-retention element includes a distal portion and a stent-retention

line extending from outside a branch of the Y-adapter and through the



an outer sheath; a handle coupled to the outer sheath such that the outer
sheat h cannot nove relative to the handl e, the handl e having a proxinmal

end; a’'stent disposed within the outer sheath, the stent having a lunen, a
distal end and a proximal end: and a stent-engaging el enent positioned at

| east partially within the |unmen of theéftent: 31 where the device is
configured such that: a user can advanc® the stent distally out of the
outer sheath through at |east two periods of engagenent of the stent by the
stent-engagi ng el enent that drive the stent distally and that are separated
by a period of non-temshgberbandle; prska piséan oidhe ehigrybeatinte tha diviel pgitiopaf | y; and
the user's proximal-nbst point of contact with the device that causes each
peri od of engagenentth¢ sentoeiantio etemept.. di stal of the proximal end of the
handl e. - :
10.  The device of claim 1, where the stent is woven, and the stent-engaging element is

configured so as to (a) engage wire intersections on opposing sides of the stent when
driving the stent distally, and (b) fold inwardly and slide proximally within the stent’s
lumen.
11. A device comprising:
an outer sheath;
a handle coupled to the outer sheath such that the outer sheath cannot move
relative to the handle, the handle having a proximal end;
a stent disposed within the outer sheath, the stent having a distal end and a
proximal end: and
a stent-engaging element configured to engage the stent between the-distal and
proximal ends of the stent;
where the device is configured such that:

a usér can advance the stent distally out of the outer sheath through
multiple engagements of the stent by the stent-engaging element,
where each engagement:
occurs between the proximal and distal ends of the stent,
drives the stent distally without a mechanized concomitant

withdrawal of the outer sheath, and
is separated from any subsequent engagement by a period of not

driving the stent distally; and



23. The device of claim 22, further conprising: a user-actuatable el enent
coupl ed to the handl e, the user-actuat abl e el enent al so being coupled to
the stént- engagi ng el enent by an el ement having a passageway. The device
of claim23, further conprising: a stopper biased to a first position that
restricts distal advancenent of the useractuatable element. The device of
,claim 23, further conprising: an inner 8% enent having a portion positioned
within the el ement having a passageway, the inner elenment being configured
to accept a guidewire. 6.The device of claim23, where the user-actuatable
el enent is a novabl etheudnisrprexisblahosnpoinhef dearad] with th ldevigtathitauses eashai m 22,
where the stent has a deploynent |ength, the outer sheath has a distal end,
and the device further compsidesst is located at or distal of the proximal end of the
handle.
12.  The device of claim 11, further comprising:
a user-actuatable element coupled to the handle, the user-actuatable element also
being coupled to the stent-engaging element by an element having a
passageway.
13. The device of claim 12, further comprising:
a stopper biased to a first position that restricts distal advancement of the user-
actuatable element.
14.  The device of claim 12, further comprising:
an inner element having a portion positioned within the element having a
passageway, the inner element being configured to accept a guidewire.
15. The device of claim 12, where the user-actuatable element is a movable within a
slot of the handle.
16. The device of claim 11, where the stent has a deployment length, the outer sheath
has a distal end, and the device further comprises:
a marker coupled to the outer sheath and spaced apart from the outer sheath’s
distal end by a distance corresponding substantially to the deployment
length of the stent.
17. The device of claim 12, further comprising:

a side port coupled to the handle.

18. The device of claim 11, further comprising



32 a marker coupled to the outer sheath and spaced apart fromthe outer
sheath' s distal end by a distance correspondi ng substantially to the
depl oynent length of the stent. 28. The device of claim 23, further
conprising: a side port coupled to the handle. 29. The device of claim 22,
further conprising an el ement that can be coupled to the outside of the
outer sheath, the el ement being configud®d to interface with a henpbstasis
val ve of an introducer. 30. The device of claim?22, further conprising: a
Y-adapter coupled to the handle; and a stent-retention el enent coupled to
t he proxi mal endn efemiehiethgt @nthe wiopled o e sitadt of te anter ghead, dreelemenic| udes a
distal portion and a stent-retention |ine extending from outside a branch
of the Y-adapter andbdily@ufifurede iledmehyitt hienvanst elveasfdn antpdnder.on of t he
outer sheath to the distal portion of -the stent-retention elenent. 31. The
devi ce of abai NMTB2devidérdf BAIM Chfytlies targprising:
a Y-adapter coupled to the handle: and
a ster_lt-retehtion element coupled to the proximal end of the stent;
where the stent-retention element includes a distal portion and a stent-retention
line extending from outside a branch of the Y-adapter and through the
branch, the handle, and a portion of the outer sheath to the distal portion of
the stent-retention element.
20.  The device of claim 11, further comprising:
a stent-retention element coupled to the proximal end of the stent.
21.  The device of claim 11, where the stent is woven, and the stent-engaging element
is configured so as to (a) engage wire intersections on opposing sides of the stent when
driving the stent distally, and (b) fold inwardly and slide proximally within the stent’s
lumen.
22. A device comprising:
an outer sheath;
a handle coupled to the outer sheath such that the outer sheath cannot move
relative to the handle, the handle having a proximal end;
a stent disposed within the outer sheath, the stent having a lumen, a distal end and
a proximal end: and

a stent-engaging element positioned at least partially within the lumen of the

stent:



a stent-retention el enent coupled to the proximal end of the stent. 32.
The device of claim22. where the stent is woven, and the stent-engagi ng

el enent is configured so as to (a) engage wire intersections on opposing
sides of the stent when driving the stent distally, and (b) fold inwardly
and slide proximally within the stent's_Junmen. 33. A device conprising: an
outer sheath; 33 a stent disposed withth the outer sheat h, the stent
having a |unen, a distal end and a proxinmal end; an inner el enment
‘positioned at least partially within the [unmen of the stent, the inner

el ement bei ng cwhére gherdedict 5 canitwpid saclybiadewi re: and a st ent - engagi ng

el ement positioned at least partially within the lunmen of the stent and

bei ng capabl e of nopvid mgr chinsitiednke/thanenpdisadiyneik bfthevbitbreshediie thirouzbmat ehsenent i s
stationary; where the device is configured to distally drive the stent at

| east partially out of theoqutieds sheagdzemim oafgthe atent dasthe tswnt-pezaigiogs of
engagenent of the stent by the stent-engaging el enent that are separated by
-period of non- . element that drive the stent distally and that are separated by a

- period of non-engagement that does not drive the stent distally; and
the user’s proximal-most point of contact with the device that causes each

period of engagement is located at or distal of the proximal end of

the handle.
23. The device of claim 22, further comprising:
a user-actuatable element coupled to the handle, the user-actuatable element also
being coupled to the stent-engaging element by an element having a
passageway.
24.  The device of claim 23, further comprising:
a stopper biased to a first position that restricts distal advancement of the user-
actuatable element.
25. The device of claim 23, further comprising:
an inner element having a portion positioned within the element having a
passageway, the inner elerﬁent being configured to accept a guidewire.
26. The device of claim 23, where the user-actuatable element is a movable within a

slot of the handle.
27. The device of claim 22, where the stent has a deployment length, the outer sheath

has a distal end, and the device further comprises:



engagenent that does not drive the stent distally. 34. The device of claim
33," further conprising: a handle coupled to the outer sheath such that the
outer sheath cannot nove relative to the handle: and a user-actuatable

el ement coupled to the handl e. the user-actuatable el enment also being
coupled to the stent-enciaging el enent by an el enent having a passageway.
35. The device of claim 34, further con%{ising: a stopper biased to a first
position that restricts distal advancenent of the useractuatable el enent.
36. The device of claim 34, where the user-actuatable elenent is a novable

within a slot ofahiiRerhdosle® o th34outed fhealtendlEpacaadit £bAithe dder WogRE t he
stent has a deploynent |ength, the outer sheath has a distal end, and the

devi ce further CONDI iis@sendbyTar kQink QuAkaUndife SBAMLEY (S heakplopnghspaced
apart fromthe outer sheath's distal end by a distance correspondi ng

substantially to thedapbomaerh:. | ength of the stent.
28. The device of claim 23, fprther cc;mprising:
a side port coupled to the handle.
29. ° The device of claim 22, further comprising
an element that can be coupled to the outside of the outer sheath, the element
being configured to interface with a hemostasis valve of an introducer.
30.  The device of claim 22, further comprising:
a Y-adapter coupled to the handle; and
a stent-retention element coupled to the proximal end of the stent;
where the stent-retention element includes a distal portion and a stent-retention
line extending from outside a branch of the Y-adapter and through the
branch, the handle, and a portion of the outer sheath to the distal portion of
the stent-retention element.
31. The device of claim 22, further comprising:
a stent-retention element coupled to the proximal end of the stent.
32, The device of claim 22, where the stent is woven, and the stent;engaging element
is configured so as to (a) engage wire intersections on opposing sides of the stent when
driving the stent distally, and (b) fold inwardly and slide proximally within the stent’s
lumen.
33. A device comprising;

an outer sheath;



38. The device of claim34, further conprising: a side port coupled to the
handl e.. 39. The device of claim33, further conprising an el ement that can
be coupled to the outside of the outer sheath, the el enment being configured
todinterface with a henostasis valve of an introducer. 40. The device of
claim 33; further conprising: a handle coupled to the outer sheath such
that the outer sheath cannot nove relat3¥e to the handle; a Y-adapter
coupled to the handle; and a stent-retention elenment coupled to the
proxi mal end of the stent; where the stent-retention el enent includes a.

di stal portion as@ntadigssdtwitied éabohwensHeathethe xtemritiving aflunm, edisai etel aadbr anch
of the Y-adapter and through the branch, the handle, and a portion of the
outer sheath to the gphskiadalp@rtion of the stent-retention elenent. 41. The
device of claim 33, further conprising: a stent-retention el enment coupled
to the proxi mal agithePtlembB [kiEibhed at least partially within the lumen of the stent, the

inner element being configured to accept a guidewire: and
a stent-engaging element positioned at least partially within the lumen of the stent
and being cépable of moving distally and .proximally while the innér
element is stationary;
where the device is configured to distally drive the stent at least partially out of
the outer sheath through at least two periods of engagement of the stent by
the stent-engaging elehent that are. separated by a period of non-
engagement that does not drive the stent distally.
34.  The device of claim 33, further comprising:
a handle coupled to the outer sheath such that the outer sheath cannot fnove
relative to the handle: and
a user-actuatable element coupled to the handle, the user-actuatable element also
being coupled té the stent-engaging element by an element having a
passageway.
35. The device of claim 34, further comprising:
a stopper biased to a first position that restricts distal advancement of the user-
actuatable element.
36. The device of claim 34, where the user-actuatable element is a movable within a

slot of the handle.



42. The device of claim 33, where the stent-engaging elenent is also
configured to fold inwardly and slide proximally within the stent's | unen.
35 43. A device conprising: an outer sheath; a handle coupled to the outer
sheath such that the outer sheath cannot nove relative to the handle: a
stent disposed within the outer sheath,_the stent having a distal end and a
proxi mal end; and a stent-engaging ele t configured to engage the stent
bet ween the distal and proxi mal ends of the stent: where the device is
configured such that the stent can be distally driven at |least partially
out of the3dut eThstwatkhf thindwhate the ststt hape dgmeynuas lepgthathg agrensinathof  t he
stent by the stent-engaging elenent that are separated by a period of
non- engage ey disthladnd k@ shendtvicel further donepris¢ent di stally, and the devi ce and
stent are configured such that a user can vary the axial density of the
stent as the stenarkes cdepled/er td ourt chauth allibmredsipandran ehebyutarashgating t he
axial position of the outer sheath relative to the tubular structure. 44.
The devi ce of cl ai mdigal éndr bhardiganp rdogespgndiag ustatanaadlyuat tbldepleleenent
coupled to the handle, the user-actuatable elenment also being coupled to
t he stent-engagi ng eleggtebf thbytemn el enent havi ng a passageway.
38.  The device of claim 34, further comprising:
a side port coupled to the handle.
39. The device of claim 33, further comprising
an element that can be coupled to the outside of the outer sheath, the element
being configured to interface with a hemostasis valve of an introducer.
40.  The device of claim 33, further comprising:
a handle coupled to the outer sheath such that the outer sheath cannot move
relative to the handle;
a Y-adapter coupled to the handle; and
a stent-retention element coupled to the proximal end of the stent;
where the stent-retention element includes a distal portion and a stent-retention
line extending from outside a branch of the Y-adapter and through the
branch, the handle, and a portion of the outer sheath to the distal portion of
the stent-retention element.
41.  The device of claim 33, further comprising:
a stent-retention element coupled to the proximal end of the stent.

42, The device of claim 33, where the stent-engaging element is also configured to

fold inwardly and slide proximally within the stent’s lumen.



45. The device of claim44, further conprising: a stopper biased to a first
position that restricts distal advancenent of the useractuatable el ement.
36 46. The device of claimd44, further conprising: an inner el enent having
a portion positioned within the el ement having a passageway, the inner

el ement being configured to accept a guidewire. 47. The device of claim
44, where the user-actuatable elenent i3 a novable within a slot of the
handl e. 48. The device of claim43, where the stent has a depl oynent

| ength, the outer sheath has a distal end, and the device further

conpri ses: 43. maAkdvice obtppristhet 0 t he outer sheath and spaced apart fromthe
outer sheath's distal end by a distance correspondi ng substantially to the
depl oynent | engthogkr dhbghstent. 49. The device of claimd44, further
conprising: a side port coupled to the handle.

a handle coupled to the outer sheath such that the outer sheath cannot move
relative to the handle:

a stent disposed within the outer sheath, the stent having a distal end and a
proximal end; and

a stent-engaging element configured to engage the stent between the distal and
proximal ends of the stent;

where the device is configured such that the stent can be distally driven at least
partially out of the outer sheath through at least two periods of
engagement of the stent by the stent-engaging element that are separated
by a period of non-engagement that does not drive the stent distally, and
the device and stent are configured such that a user can vary the axial
density of the stent as the stent is delivered into a tubular structure by
varying the axial position of the outer shéath relative to the tubular
structure.

44, The device of claim 43, further comprising:

a user-actuatable element coupled to the handle, the user-actuatable element also
being coupled to the stent-engaging element by an element having a
passageway.

45. The device of claim 44, further comprising:
a stopper biased to a first position that restricts distal advancement of the user-

actuatable element.



50. The device of claim43, further conprising an el enment that can be
coupled to the outside of the outer sheath, the el ement being configured to
interface with a henostasis valve of an introducer. 51. The device of
claim43. further conprising: a Y-adapter coupled to the handle; and a
stent-retention el enent coupled to the proximal end of the stent; where the
stent-retention elenent includes a dist3 portion and a stent-retention

| i ne extending fromoutside a branch of the Y-adapter and through the
branch, the handle, and a portion of the outer sheath to the distal portion
of the stents: r etraptidvade ECRITER AL, fulther IbtBpribet ce of claim 43, further
conprising: 37 a stent-retention elenent coupled to the proximl end of

the stent. 53. gl h@ndledéfién Havinoah Pokibn PRA|IAd RALST &Y elefmeMONBMg and the
st ent - engagi ng el enent _ | :
passageway, the inner element being configured to accept a guidewire.
47. The device of claim 44, where the user-actuatable element is a movable within a
slot of the handle.
48. The. device of claim 43, where the stent has a deployment length, the outer sheath
has a distal end, and the device further comprises:

a marker coupled to the outer sheath and spaced apart from the outer sheath’s
distal end by a distance corresponding substantially to the deployment
length of the stent.

49.  The device of claim 44, further comprising:

a side port coupled to the handle.

50.  The device of claim 43, further comprising

an element that can be coupled to the outside of the outer sheath, the element
being configured to interface with a hemostasis valve of an introducer.

51.  The device of claim 43, further comp.rising:

a Y-adapter coupled to the handle; and

a stent-retention element coupled to the proximal end of the stent;

where the stent-retention element includes a distal portion and a stent-retention
line extending from outside a branch of the Y-adapter and through the
branch, the handle, and a portion of the outer sheath to the distal portion of

the stent-retention element.

52. The device of claim 43, further comprising:



is configured so as to (a) engage wire intersections on opposing sides of
the stent when driving the stent distally, and (b) fold inwardly and slide
proximally within the stent's lunen. 54. A stent advancenent nethod
conprising: distally driving a stent out of a sheath and into a tubular
structure by repeatedly engaging the stent between its distal and proxi nmal
ends with a stentengagi ng el enent, wher®7at |east two of the engagenents
are separated by a period of non-engagenent; and as the stent is distally
driven out of the sheath, varying the axial density of the stent within the
t ubul ar st ruct uaetehyrereariyn ¢ignéneopladad theqsotimalrendbf hbeetheath rel ative to
‘the tubular structure. 55. The stent advancenent nethod of claim 54, where
t he tubul ars3st r qaé Uéecd & chiivh MB] whdrs Bid8tent BGvoviklans theRiendéheadioe Bementet hod
of claimb55, further conprising: engaging the stent at its proximl end:
wWith a stentcorficBRUisoRs & @IMeMdagt Rak inErs@ABNE bPBEbsL klakoft the ssheahdy.  57.
The stent advancenent method of claim56, where the stent-retention elenent
includes a @ivaRthé ele/Nib@Iy, lahdeb) RRGnWARIYBIO Ak fodilaly SRR @araf t er
the stent is partially-driven out of the sheath, w thdrawi ng the stent back
into the shegatt) by noving the stent-retention line. 38

54. A stent advancement method comprising:
distally driving a stent out of a sheath and into a tubular structure by repeatedly
engaging the stent between its distal and proximal ends with a stent-
engaging element, where at least two of the engagements are separated by

“a period of ndn-engagemen't; and 
as the stent is distally driven out of the sheath, varying the axial density of the
stent within the tubular structure by varying the axial position of the

sheath relative to the tubular structure.

55. The stent advancement method of claim 54, where the tubular structure is animal
tissue.
56. The stent advancement method of claim 55, further comprising:

engaging the stent at its proximal end with a stent-retention element that is
positioned within the sheath.
57. The stent advancement method of claimm 56, where the stent-retention element
includes a stent-retention line, and the method further comprises:
after the stent is partially-driven out of the sheath, withdrawing the stent back into

the sheath by moving the stent-retention line.



58. The stent advancenent nethod of claim57, where an operator
acconplishes the driving of the stent by noving a user-actuatabl e el enent
with the operator's thunb. 59. The stent advancenent nethod of cl ai m 58,
where the stent is woven, a stentengaging el enent engages nultiple wire
intersections of the stent and noves distally during the engagenents that
drive the stent, and the stent-engagi ng3&l enent slides proximally within
the stent's lunmen during the period of non-engagenent. 60. The stent
advancenment nethod of claim54, where the tubular structure is not part of

an ani mal . 5861. ThB&eht KRN hnAAYVRNEERRINGT JIBINNEIC whkre Gh dipBRalPd acdotiplifIRE the
conprising: engaging the stent at its proximal end with a stent-retention

el ement t hafrivisy @Rl stdnPPeRoViht Buttrhbigahiedlefent vd thd BRrabethumElvancenent
met hod of claim61l, where the stent-retention elenent includes a

stent -ret endd on i Reenr 8REndARNNBEROE of UIalNER, GRIPHeSaSH: i@MWoén, lth@enst ent 1S
partial l'y-driven out of the sheath, withdrawing the stent back into the

sheath by mpyidg tRMest &Rhsk GhaRbE Qﬂrel ln'f@sectlcﬁé of the sghetd RUVRANEEABNt
met hod of cl ai'm 62, wheré an operator acconplishes the driving of the stent

by nDVing ayiRernachuakaBke tﬁdteam@tthw ddhct R @PekakOhoaSinbhtiRent $ides The

st ent advancenent nethod of claim 63, where the stent”is woven, a

st ent engagi gxﬁl ﬁg@mnnq £S 1nl duBhS Uik Rod OBh $6EEARS, Of the stent and
noves di stall 3 ng the engagenents th g drive the stent, and the

stent - engagé(?g e RAL ad%!iﬂcgﬁgnt%gﬁdrmlcla}/m%t e %Qﬁlbﬁfa‘?&}uc rl Hrﬁ%ﬂ%ﬂyﬂ ng

the period of non-engagenent A st ent vancenent net rising:

of an animal.
61.  The stent advancement method of claim 60, further comprising:
engaging the stent at its proximal end with a stent-retention element that is
positioned within the sheath.
62.  The stent advancement method of claim 61, where the stent-retention element
includes a stent-retention line, and the method further comprises:
after the stent is partially-driven out of the sheath, withdrawing the stent back into
the sheath by moving the stent-retention line.
63.  The stent advancement method of claim 62, where an operator accomplishes the
driving of the stent by moving a user-actuatable element with the operator’s thumb.
64.  The stent advancement method of claim 63, where the stent is woven, a stent-
engaging element engages multiple wire intersections of the stent and moves distally
during the engagements that drive the stent, and the stent-engaging element slides
proximally within the stent’s lumen during the period of non-engagement.

65. A stent advancement method comprising:



39 distally driving a stent out of a sheath and into a tubul ar structure by
repeat edly engaging the stent between its distal and proxinmal ends with a
stent engagi ng el ement, where at |east two of the engagenents are separated
by sa period of non-engagenent: and engaging the stent at its proxinml end
wWth a stent-retention elenent that is positioned within the sheath. 66.
The stent advancenent nethod of claim6®] where the tubular structure is
animal tissue. 67. The stent advancenent nethod of claim66, where the
stent-retention elenent includes a stent-retention line, and the nethod
further conpri sastaligfdtieing talseens bendf d shefuarahd aidtd w-tabular anuaute befregehedisheat h,

w t hdrawi ng the stent back into the sheath by noving the stent-retention

line. 68. The stentendvancemenic baibaditoldistd ahdnBokimwherde with epenat or
acconplishes the driving of the stent by noving a user-actuatabl e el enent

with the operator's tilpdsiRg ele®Snt, Where St RA: t06l vAIhe enRBEmeNES 410 8epafatedlbgi m 68,
where the stent is woven, a stentengagi ng el enent engages nmultiple wire

intersections of the;séRator ablermy@sentdimtial |y during the engagenents that
drive the stent, and the stent-engagi ng el enent slides proximally within

the stent's | Un&ﬂgﬁzﬂfgi g stdhe ap@trsip?gxi&fal BN wethga gRABRtention’ BleméRethst BNt
advancenent net hod of claim65, where the tubular structure is not part of

an animal. 71. The st@nheAA¥RRAGREBLnMet hod of claim 70, where the
stent-retention elenent includes a stent-retention |line, and the met hod

further Con@f{.i S€f5re stent advancement method of claim 65, where the tubular structure is animal
| tissue.
67. The stent advancement method of claim 66, where the stent-retention element
includes a stent-retention line, and the method further comprises:
after the stent is partially-driven out of the sheath, withdrawing the stent back into
the sheath by moving the stent-retention line.

68.  The stent advancement method of claim 67, where an operator accomplishes the
driving of the stent by moving a user-actuatable element with the operator’s thumb.
69. The stent advancement method of claim 68, where the stent is woven, a stent-
engaging element engages multiple wire intersections of the stent and moves distally
during the engagements that drive the stent, and the stent-engaging element slides
proximally within the stent’s lumen during the period of non-engagement.
70. The stent advancement method of claim 65, where the tubular structure is not part
of an animal.
71. The stent advancement method of claim 70, where the stent-retention element

includes a stent-retention line, and the method further comprises:



40 after the stent is partially-driven out of the sheath, w thdraw ng the
stent back into the sheath by noving the stent-retention line. 72. The
stent advancenent nethod of claim 71 where an operator acconplishes the
driving of the stent by noving a user-actuatable elenent with the
operator's thunb. 73. The stent advancenent nmethod of claim72, where the
stent is woven, a stentengaging el enent4lengages nultiple wire intersections
of the stent and noves distally during the engagenents that drive the
stent, and the stent-engaging elenment slides proximally within the stent's
| umen during t hefep el seetht Bfpanily-@rigagemefithe sheath, withdhein tadvanbehend
instruction nmethod conprising: instructing a person on how to use a stent

delivery device thatihé Behtidgsmevighbaibniaaen@onsinent di sposed in the sheath,
the instructing including denonstrating the follow ng steps to the person:

distal ly drivi nghd fientsiesticeaedt Béthddhe Shgatihwaaed ah Rb&awr hdébmbmhestheuct ur e
by repeatedly engaging the stent between its distal and proxinmal ends with

a stent - engaQind 9 Bk SRRy m¥NKY Lurt-adieaARle tMRefwilhBe SRERGRTRGAS are
separated by a period of non-engagenment: and as the stent is distally

driven out af thge sbRaddNancéAeN ABhdN6f AXindl72 0RRSE e Qntih@okineBtstept-t hin the
tubul ar structure by varying the axial position of the sheath relative to

the tubul arensidhiClithént eK5aoe;f%1§§1@%eamé%&%ﬁ§mf th SRl BovelRishag Of
claim 74, whéere,  in the denonstration, the tubular structure is aninmm

tissue. 76.4,5he i3d @Imat’é‘gé&ﬁé‘lqm 'm%[ertanntth&&QGn&&Engl@élﬁ@ﬂ?@lldé@{‘]er e the
instructing fufther includes denonstrating to the persoén’

proximally within the stent’s lJumen during the period of non-engagement.
74. A stent advancement instruction method comprising:
instructing a person on how to use a stent delivery device that includes a sheath
and a stent disposed in the sheath, the instructing including demonstrating
the following steps to the person:
distally driving the stent out of the sheath and into a tubular structure by
repeatedly engaging the stent between its distal and proximal ends
with a stent-engaging element, where at least two of the
engagements are separated by a period of non-engagement; and
as the stent is distally driven out of the sheath, varying the axial density of
the stent within the tubular structure by varying the axial position
of the sheath relative to the tubular structure.
75. The stent advancement instruction method of claim 74, where, in the
demonstration, the tubular structure is animal tissue.
76. The stent advancement instruction method of claim 75, where the instructing

further includes demonstrating to the person:



41 engaging the stent at its proximal end with a stent-retention el enent
that is positioned within the sheath. 77. The stent advancenent instruction
met hod 'of claim 76, where the stent-retention el enent includes a
stent-retention line and the instructing further includes denonstrating to
the person: after the stent is partially-driven out of the sheath,

w thdrawi ng the stent back into the shédth by noving the stent-retention
line. 78. The stent advancenent instruction method of claim77, where, in
the denonstration, the driving of the stent is acconplished by an operator
nMovi Nng a user act uat aipkagied heretant apits hroxinesl opkwith opteni-retaniipp clenegt thihe st ent
advancenent instruction nethod of claim 78, where, in the denonstration,

t he engagenents -t hat dri esitibbedstigit thasieadicconpl i shed by a stent-engagi ng
el enent engaging nmultiple wire intersections of the stent and noving
distally, amd diUhé signttaHeanpanénndhsofictimonnahgheferiamt76t vbers thentenengengiong

el enment slides proximally within the stent's lunen. 80. The stent
advancenentlehiest intiatdsarsdttdi@dionfine hid e Tebfrusvnerfertherr inctudes dbemmssdtingt i on,
the tubul ar structure is not -part of an aninmal. 81. The stent advancenent
i nstructi ofotiephesh:of claim80, where the instructing further includes
denonstrating to the person: engaging the stent at its proximal end with a
stent-retention el engrk tHehaddnt liSpp@aiytdrdes dumbftthé shehihewihabing thed@ent

back into the sheath by moving the stent-retention line.

78. The stent advancement instruction method of claim 77, where, in the
demonstration, the driving of the stent is accomplished by an operator moving a user-
actuatable element with the operator’s thumb.
79. The stent advancement instruction method of claim 78, where, in the
demonstration, the engagements that drive the steﬁt are accomplished by a stent-engaging
element engaging multiple wire intersections of the stent and moving distally, and during
the period of non-engagement the stent-engaging element slides proximally within the
stent’s lumen.
80. The stent advancement instruction method of claim 74, where, in the
demonstration, the tubular structure is not part of an animal.
81. The stent advancement instruction method of claim 80, where the instructing
further includes demonstrating to the person:

engaging the stent at its proximal end with a stent-retention element that is

positioned within the sheath.



81. The stent advancenent instruction nmethod of claim81l, where the
stent-retention elenent includes a stent-retention line and the |nstruct|ng
further includes denonstrating to the person: after the stent is
partially-driven out of the sheath, wthdrawi ng the stent back into the
sheat h by noving the stent-retention line. 83. The stent advancenent
instruction nethod of claim82, where, 4h the denonstration, the driving of
the stent is acconplished by an operator noving a useractuatabl e el enent
with the operator's thunb. 84. The stent advancenent instruction nethod of

cl ai m 83, wher e Thé BehthvsiRemAS ks wsh, méthel engagesTewhere tthadtertiétsigionhe st ent
are acconplished by a stent-engaging el enent engaging multiple wire

i ntersecti rsnedf inchiBesSt Qet-rafflionDvié B tHeShstubohg fardibr GHeridegddni@sipRink0od of
non- engagenent t he stent-engagi ng el enent sli des proximally within the

stent's | unBthe pe@on: A stent advancenent instruction nmethod conpri sing:
instructing a person on how to use a stent delivery device that includes a

sheath and a stent digdQeRefed:Rs pdH8a1FDERER out brahd BShUGHh&@wingahaIstbng
denonstrating the foll ow ng steps to the person: distally driving a stent

out of a sheath and into @k HedHhakhedit BIGhVi dY stk RReBARMAI e £Ngagi ng t he
stent between its distal and proximl ends with a stent-engagi ng el enent,

where at |east R ofnd REROGRAETRAREISE CnSRRAT &t eikYsR maueoclnohle
non- engagenent: and engaging the stent at its proximal end wt

stent-ret e%h%ﬂst&klgmg dhuﬂg of ThePRs: §d 9{&%})}{\4}1&5‘ by ah Q@erﬁ!&?%d@mg a user-

actuatable element with the operator’s thumb.
84. The stent advancement instruction method of claim 83, where, in the
demonstration, the engagements that drive the stent are accomplished by a stent-engaging
element engaging multiple wire intersections of ﬂle stent and moving distally, and during
the period of non-engagement the stent-engaging element slides proximally within the
stent’s lumen.
85. A stent advancement instruction method comprising:
instructing a person on how to use a stent delivery device that includes a sheath
and a stent disposed in the sheath, the instructing including demonstrating
the following steps to the person:
distally driving a stent out of a sheath and into a tubular structure by
repeatedly engaging the stent between its distal and proximal ends
with a stent-engaging element, where at least two of the
engagements are separated by a period of non-engagement: and

engaging the stent at its proximal end with a stent-retention element that is

positioned within the sheath.



43 86. The stent advancenent instruction nethod of claim85, where, in the
deponstration, the tubular structure is aninmal tissue. 87. The stent
advancenent instruction nmethod of claim86, where the stent-retention

el ement includes a stent-retention line and the instructing further

i ncl udes denonstrating to the person: after the stent is partially-driven
out of the sheath, withdrawi ng the stem3 back into the sheath by noving the
stent-retention line. 88. The stent advancenent instruction nmethod of
claim87, where, in the denonstration, the driving of the stent is

acconpl i shexd. by Tae @@er advahceiyi NestActiGe mahsntdbrie! 8TERhed) tih thae
operator's thunb. 89. The stent advancenent instruction nethod of claim

88, where, demohdiRuiseMRISENA ki ure i RiIBNGRGRMENt s that drive the stent are
acconpl i shed by a stent-engagi ng el enent engaging nultiple wire

intersectiais ofrht BenSAiiice RABH iARMERNG HEBERM Haim8H] vilidfel tADstbhiSetBtloh0d Of
non- engagenent the stent-engaging elenent slides proximally within the

stent’s | Unghyen %Q}udél;@staﬁ%tam%q\{ﬁ@gmgtmgn{]&wm&h&nna%bagn&ifsu@dnal m 85,
where, in the demonstration, the tubular structure is not part of an

ani mal . 91, pEhesh.ent advancement instruction nethod of claim90, where
the stent-retention elenent includes a stent-retention |line and the

instructing further I st ent
is partially-driven %@%t%?&?hQ§gﬁg§bﬂﬁkﬁ?9u%§2&gEg&ﬁ%i@@?gﬁﬁ%ggzﬁgﬁntO t he

sheath by noving the st edack Gh&EME 'slgsgthl Hyr}ﬁovmg the stent-retention line.

88. The stent advancement instruction method of claim 87, where, in the
demonstration, the driving of the stent is accomplished by an operator moving a user-
actuatable element with the operator’s thumb.
89. The s;ent advancement instruction method of claim 88, where_, in the
demonstration, the engagements that drive the stent are accomplished by a stent-engaging
element engaging multiple wire intersections of the stent and moving distally, and during
the period of non-engagement the stent-engaging element slides proximally within the
stent’s lumen.
90. The stent advancement instruction method of claim 85, where, in the
demonstration, the tubular structure is not part of an animal.
o1. The stent advancement instruction method of claim 90, where the stent-retention
element includes a stent-retention line and the instructing further includes demonstrating
to the person:

after the stent is partially-driven out of the sheath, withdrawing the stent

back into the sheath by moving the stent-retention line.



44 92. The stent advancenment instruction nethod of claim91, where, in the
denonstration, the driving of the stent is acconplished by an operator

novi ng'a useractuatable elenent with the operator's thunb. 93. The stent
advancenent instruction nethod of claim92, where, in the denonstration,

t he engagenents that drive the stent are acconplished by a stent-engagi ng
el ement engaging multiple wire intersec#4ons of the stent and noving
distally, and during the period of non-engagenent the stent-engaging

el enent slides proximally within the stent’'s | unen.

92.  The stent advancement instruction method of claim 91, where, in the
demonstration, the driving of the stent is accomplished by an operator moving a user-
actuatable element with the operator’s thumb.

93, The stent advancement instruction method of claim 92, where, in the
demonstration, the engagements that drive the stent are accomplished by a stent-engaging
element engaging multiple wire intersections of the stent and moving distally, and during
the period of non-engagement the stent-engaging element slides proximally within the

stent’s lumen.



