APPARATUS FOR AND METHOD OF PULLI NG A TENSI LE MEMBER FROM A MEDI CAL DEVI CE
BACKGROUND [1]. Related Applications [2]. This application clains the
benefit oWopoilordisg of U.S. Provisional Patent Applicatipam/useo116114858197,
filed June 24, 2010, the entire contents of which are expressly

i ncorporated by reference herein. [3]. 1. Technical Field [4]. The
invention relates to the field of nedical device, and nore particularly a

hand- oper at ed nmechani s i i froma medi cal devi ce.
[5]. 2. Related Devicegbggéﬁﬁﬁh%gﬁg[ﬁgbﬁﬂégggﬂf§ggﬁﬁ§é§ is a | eading
cause of premature noptEiNdY.EIMESSBSH PREN RaliEDISAL TIe@icdrent of vascul ar

di sease may include inplantation of tissue supporting stents or prosthetic

vascul ature, e.g., grafts, stent-grafts, etc., which are delivered through
t he vascul ature at a reduced di nengj se of navigation in, and
reduced chance of injury to, the E@%ﬁ@gﬁgﬁaigculature fromentry point to
the di sepgpd | oCc Rl AgiRE®on¥ascul ar i nplant delivery devices typically

i nclude an el ongated shaft around which the vascular inplant is disposed at
a di stal[08hd, whilis replichieone plginas then berelit rabnpriciy rad db Sal Prpyisipea sPaserd|

i mpl anting the vascul ari,aplant. ch ye varj abl e desjgns as
best suiteé“%@cﬁgﬁiggT%%%gyggsgﬁﬁgﬁnpngﬁg%pﬁf5%%?@%8(ﬁggﬁk g#“@%%r?%to t he

vascul at ur expesdhmcompbardes refiphankatinon site. Sonme delivery devices
further include additional features such as soft tips on the distal ends of
the el onl§dt-ed shdf tlschndgpbBicks or outer nenbers di sposed about nuch of the

| ength o he el . sgular i . rious
feat ur esfogﬁi t he g?g%tl \%}l&gﬂ%%te%?@% t}lﬂ%ﬁ £ gr% gi‘r%l % o%ég%&?lg?%}h%m?r@%ﬁl%gl
pr of essi ondhnd-opgrated orcohanani fod phlling b itannide member, froneh @agdeabdevitge or ot her

visualizgtion agent, valved acc tg a lunmen running through the el ongated
shaf t foﬁ)sh'nsert' née?t%tP?YéCWWg,ﬁfeg@gﬁed attachment of a pressurized fluid

to inf|aﬁ%}ba|!0Q@§mﬁ&~H@&m@ﬁ§%@hmﬁﬂ@’aﬁﬁeQEHﬁ&nﬁﬁﬁhﬁﬁkéﬂﬁ'hﬁﬂ@%%ﬁédin the
controlled delivery of the vasculature to its intended site. This

di scl osur e ndessr i resinent eikvasadar gissasaimayentindd smplintatini eHisses ppbrtiagt ensi | e

menber f rorg][e%tsr’rgrd ip(r:oasl[he‘g((:a VVia(s:glla%]rg, %F,hgr%ﬁs,ogteﬁpﬁgﬁg ie?cg, E)vllqmechngr%hgequvgr@d
through the vasculature at a reduced dimension for ease of navigation in, and reduced
chance of injury to, the tortuous vasculature from entry point to the diseased location.
These vascular implant delivery devices typically include an elongated shaft around
which the vascular implant is disposed at a distal end, which is the end furthest from the
medical professional implanting the vascular implant. Such shafts may have variable
designs as best suited to deliver the vascular implant from the point of entry to the
vasculature to the intended implantation site. Some delivery devices further include
additional features such as soft tips on the distal ends of the elongated shafts, sheaths or
outer members disposed about much of the length of the elongated shaft and about the
vascular implant, and various features on the proximal end, which is the end closest to
the medical professional to perform varied functions, e.g., release of dye or other
visualization agent, valved access to a lumen running through the elongated shaft for
inserting a guide wire, sealed attachment of a pressurized fluid to inflate balloons at the
distal end, or other mechanisms involved in the controlled delivery of the vasculature to

its intended site. This disclosure describes an extracorporeal mechanism by which to

pull a tensile member from a medical device and methods of operating the mechanism



or otherwise pulling the tensile nenber fromthe nmedi cal device. Unless
otherw se stated, the other variations in the construction of the nedical
devi ce t ovotociiesise present invention is coupled or is eCharsaizp4asphysi cal
part of are not germane to the present invention. [7]. Certain vascul ar

i npl ant delivery devices retain one or nore nenbers of a self expanding
vascul ar inplant at a snmaller dinension until the retaining nmechanismis

di sengaged fromthe ope or nore nenhers. anpl es of so f these. devices
e doaer BEdUEE sulpgshe B RESIRCH e Hoanuse! AevBrg Uios/ SBT0587 A
as wel | as gldied; (He@lher ARPtioRs Nahe ddfsAHERion 3B thearhd REAM BYviElOE K AticHMEBREent
CRD5473USNP, filed on June 23, 2009. This retai ning nechani smmy be a part
of a nore dovepliexiss@upicdmens otindviseh phpscal et of aronoti germane toethe pyaerd part
that alternatively functions to release the part (e.g., one or nore hoop or
hook) with WHER it i's engaged, and woul d otherwise be called a rel ease
nmechani spp7].l N soRrtaiaSiagisar dhplahedcHies [detieey reARtocalre@sie nilibcieof atselfdepl oy

the distal end of the vascular inplant, a tensile nenber that is attached
to a part GKPaEIZIesPHer mpRant abtagsmalles diraensigm wEB ghe sftaipte MedeusErisi npl ant

must nove iy I I ral I ' ' [ f. 1.
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desi gns of defweibdéwi TES. rRagLRube Nobal000he6431sA | andreotre210e6pulll adwallay from
the distal end, or in aother. words, int pposite direction. The tensile

he
menber nmustU-BelBuripebin NG i 12489738 daiensy ﬁ@i(ew%ma%c%@%wwg%am of
t he device i | A ] J If the
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conponent s aofl r¢lbase deVice,enryit theyibee wornect thatgalisetaedn fuimtiopoiontelaase the
attachnment of the tensil e | oad Lr m t.he tensi.l e nenper  and t he point of
appl i cat i omaB{(C-En8ISPHBPIC POR QT PRG &It WRIRR i eieRged: ARG paLld bVIsEPFer nal

to the paticgiMd £R10Q¢ nfOAM @S ST ¥tk SRYE eMhcURAgEmbiena QBRiLRINE, thoad,
those distances are equal. Alternatively or additionally, noving the

t ensi | e mergploy shoptistaleandratithredselilan impbaat, adansd e weankber thabistatiacheddo pppdase
mechani sm by _nmeans ot her .t han in separ at e rt uch as, for. exanpl e,
untying a RS Nt SHAFQHY ¥ Sy ot 8T HEAR M g PBP g PEUe 4 disioRe
knotted or patanerwitstop@adimbatieothé easoBBRES witlsiH Ghhi@sthé@vavciler infpnt id 6 nmany
cases, the nedical device is an elongated device, and the tensil e nenber

ext ends fr dmdepleygsoiSemegiesigng efcthoeenicorequiredhat dhotgusale micorhen be pulladiamia and/ or

along a | ef}ﬂ)%}ﬁ{%f di%theen | 8999{%‘1& %g%ﬁ ch tﬁ? o?%c%ﬁi: Are&iche lteﬁs(?lettﬂ(gngﬁq\/i ce
and patient. e tensiTe nenbéer does no quire a nmechanirsmto pull it,
as an oper ahgst bofulicde firegraktcrdmed datananitoshonel the prrasiithd teriexd maddriper eal
portion of the tensile nmepber in one hand and an extracorporeal end of the
medi cal de_@ﬁe@eﬂﬁ SF?félddftr?FgEer@HHHé%S&We-a lg&ect@n%ﬂa PEROY ¢REY 1Y IREMSEIOTI n t he
proxi mal digfreeh MiABtn@ bufithang . QRRRAERG JrORE Suekiferl NV RX! LG ARAQT ol

end of the nedical devi course, I'f the operator 0Of the medi cal device
i s using abeoten thopeiot bf ttteehmentsof] the nersbie qadt fnem dhe teasibr mambbdamgk tsp t he
extracorporeal portion of.the tensil nber with one end. effector of the
Fobot and. PHE ek erieBly s B Rb e r s et AIc T Rs SO SSEBBhE W
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proxi mal direction and an equal and opposing force to the extracorporeal
end of the creali cAlltedetyde. or Huldiicaplly, r mgeing| the Jenile tthembirt a ipgedstamatinsger at ed
or robotically operated, if the faorce reguired to nmove the.tensil.-e nenber
and opti ondiods? B fk ok & PGSR BT BT sl BB T and

t he novenenrtpapdic tphe, sTRERRNICS xindplel tiltying Pt ah@ tRdrE8r rep@vingonsctghinghe

medi cal device, a chance exists that an operator will apply a force in the
proxi mal orfogp groajded by sharknetied o athrawie equrgsiensile mengrer.sheh dedviédl  devi ce
and noveet in a ot e ety e ' devi ce i vascul ar
i mpl ant Wgﬁ'i veryﬁ%é\%nge%@%ﬂg%ef ?%?%glsd%%%b %o%‘g%%oﬁgg‘!é‘??hﬁlgge%ﬁsﬁg? tel?szlil%d t he
coupl ed i nphannticr @xicadld fromsitd pointsofbeiatignere pd oyert]casemisthianisgn vithanandreaccur at e

| acement of the inplant in the vasculature. [9],. UIXIVARY :
P a[ong a lengr:[rlﬁ) of the eiongate(? dev?ce toa poLljnt exte{‘nal to ﬂsie evice and patient. The



[10]. An enbodi ment of a vascul ar inplant delivery device includes an

el ongated shaft having a distal end, a proximl end, and a | ongitudi nal
axi s. Thewdevie3mbso has a rel ease nechani sm and a ten®Crasa®mersstoupl ed
to the release nechanismat a first point along its length and to an
extracorporeal nenber at a second point along its |length. The device al so
i ncl udes nechani cal neans operable with one hand for pulling the tensile

menber with respect tqQ the el ongated, shaft, i.ch noves the.rel ease
e honi o ety BRpihet fods okt BRg Breamandb SIS da TR Rgraior A SRHGH cal
means i ncl ydese LhE sty GO BRI &ahodtBSERMmor@Hlo Rt kGRA hitmibBElnusleshand cam

for a length of the tensile nenber between the first point and the second
poi nt, whered antchtacaparéad codwpithedmedicalisvisk om det etbiersdvdfapplyaa f@oeto thet at abl y

coupl ed to.the el ongat.ed, shaft. d a grip coupled to and in.a fixed
posi tion witRIF SUERAT fighs v itestiot it sut st (teglol B adapt ed
to receive cki®fsorédl QY PMehOmeiRELISIi@ t Of RbukdlEf ANCopdds oMIR! BbdicAl t her
the lever or the camis the extracorporeal nenber. [11!. An enbodi nent of a
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i ncl udes ae?gygégé&%géﬁ§ﬁ?€gﬁﬂgn gééﬁg%%tahg%?fﬁégﬁﬁﬁégayggﬁﬁﬁ?% oﬁgated
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tensile ne et ween t Irst point and the second point, the cam
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are adapted to cooperate such.that rotation of. the.lever through a
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el ongat e9%haft . SUMMARY

[10]. An embodiment of a vascular implant delivery device includes an elongated

shaft having a distal end, a proximal end, and a longitudinal axis. The device also has a
release mechanism and a tensile member coupled to the release mechanism at a first
point along its length and to an extracorporeal member at a second point along its length.
The device also includes mechanical means operable with one hand for pulling the
tensile member with respect to the elongated shaft, which moves the release mechanism
toward the proximal end of the elongated shaft. The mechanical means includes the
extracorporeal member, and optionally includes: a cam for a length of the tensile
member between the first point and the second point, wherein the cam is coupled to the

clongated shaft, a lever rotatably coupled to the elongated shaft, and a grip coupled to
and in a fixed position with respect to a portion of the elongated shaft, the grip adapted



[16]. FIG 2 illustrates a proxinmal portion of a nedical device, a tensile
menber, and an enbodi nent of an apparatus for pulling the tensile nenber
from t he wedoualeé3zgevi ce. [17]. FIG 3A, 3B, and 3C il | ugcratseoia/di4ss ews of
a cam having surface intended for contact with the tensile nenber. [18].
FIG 4 illustrates a proximal portion of a nmedical device, a tensile
menber, and the enbodinent of FIG 2 for pulling the tensile nenber

including a | ever .providi ng nechanj cal .advantage. .[19].. Fl 5 illystrates
e anbodi TRHCOSE KRR Pl bR g Rl RGO S48 B FMsI0ie) 01483
[20]. FIG Bmiid idekiraloforél flefiber sectional view of another enbodi ment of an

apparatus for pulling the tensile nenber. [21]. FIG 7 illustrates a
cross-sedtll.onal inesmbfdimp dppursatlasingflaf] delivey wiseiceiincludge an elongated

shaft having a distal end, a proximal end, and a longitudinal axis. The device also
includes a release mechanism, a lever rotatably coupled to the elongated shaft, a tensile
member coupled to the release mechanism at a first point along its length and coupled to
the lever at a second point along its length and a length of the tensile member between
the first and second points disposed within the elongated shaft, and a cam for a length of
the tensile member between the first point and the second point, the cam coupled to the
elongated shaft, wherein the lever, cam, and tensile member are adapted to cooperate
such that rotation of the lever through a prescribed angle with respect to the elongated
shaft will move the release mechanism toward the proximal end of the elongated shaft.
[12]. These and other features, benefits, and advantages of the present invention will
be made apparent with reference to the following detailed description, appended claims,
and accompanying figures, wherein like reference numerals refer to structures that are
either the same structures, or perform the same functions as other structures, across the

several views.

[13]. BRIEF DESCRIPTION OF THE FIGURES:

[14]. The figures are merely exemplary and are not meant to limit the present
invention.

[15]. FIG. 1 illustrates an elongated shaft equipped with a release mechanism, a

tensile member, and an apparatus for pulling the tensile member toward the proximal
end of the elongated shatft.

[16]. FIG. 2 illustrates a proximal portion of a medical device, a tensile member, and
an embodiment of an apparatus for pulling the tensile member from the medical device.

[17]. FIG. 3A, 3B, and 3C illustrate end views of a cam having surface intended for
contact with the tensile member.

[18]. FIG. 4 illustrates a proximal portion of a medical device, a tensile member, and
the embodiment of FIG. 2 for pulling the tensile member including a lever providing
mechanical advantage.

[19]. FIG. 5 illustrates the embodiment of FIG. 4 including a grip.



cam and | ever have been rotated with respect to the el ongated shaft,
thereby pulling the tensile nenber. [22]. FIG 8 illustrates a portion of
an el ongaweadoshi®Biss a tensile nenber, and a third enbodiPeEniS2af/oar¥s3

apparatus for pulling the tensile nenber. [23]. FIG 9 illustrates the
enbodi mrent of FIG 8 after the | ever has been rotated to place the tensile
menber in contact with a surface of the cam [24]. FIG 10 iIIustrates t he
enbodi e of FI fter the | ever S been rotated to the tenS|Ie
ronber Lk edet of Mt Legess ok o 1oy ygopald

enbodinent1§gpdmmgq3@@h§kg§mﬁgﬁ,pulllng the tensile nmenber.

[21]. FIG. 7 illustrates a cross-sectional view of the apparatus of FIG. 6 wherein the
cam and lever have been rotated with respect to the elongated shaft, thereby pulling the
tensile member.

[22]. FIG. 8 illustrates a portion of an elongated shaft, a tensile member, and a third
embodiment of an apparatus for pulling the tensile member.

[23]. FIG. 9 illustrates the embodiment of FIG. 8 after the lever has been rotated to
place the tensile member in contact with a surface of the cam.

[24]. FIG. 10 illustrates the embodiment of FIG. 8 after the lever has been rotated to

pull the tensile member a predetermined distance.

[25]. FIG. 11 illustrates another embodiment of an apparatus for pulling the tensile
member.
[26]. FIG. 12 illustrates yet another embodiment of an apparatus for pulling the

tensile member.

[27]. FIG. 13 illustrates the embodiment of FIG. 12 after the lever has been rotated
past a ratchet tooth.
[28]. FIG. 14 illustrates the embodiment of FIG. 12 except that the means for

securing the tensile member to the lever is different.

[29]. FIG. 15 illustrates another embodiment of an apparatus for pulling the tensile
member.
[30]. FIG. 16 illustrates yet another embodiment of an apparatus for pulling the

tensile member.

[31]. FIG. 17 illustrates the embodiment of Fig 16 after the lever has been rotated,
pulling the tensile member a predetermined distance.

[32]. FIG. 18 illustrates yet another embodiment of an apparatus for pulling the

tensile member.

[33]. FIG. 19A illustrates a cross-sectional view of the embodiment of FIG. 18 along
lines 19A-19A of FIG. 18.
[34]. FIG. 19B illustrates another cross-sectional view of the embodiment of FIG. 18

along lines 19B-19B of FIG. 18.



[26] . FIG 12 illustrates yet another enbodi nent of an apparatus for
pulling the tensile nmenber. [27]. FIG 13 illustrates the enbodi nent of
FIG 12 aWvoeniirfeessbever has been rotated past a ratchet pCoatsho11fo2883 FI G
14 illustrates the enbodiment of FIG 12 except that the neans for securing
the tensile nmenber to the lever is different. [29]. FIG 15 illustrates
anot her enbodi nent of an apparatus for pulling the tensile nenber. [30].

FIG 16 E3|55.USt ratF?é. yoehlugf?e{%éshf ﬁrs‘? gr?l (()jciilrlrlglrllttofoaf segi?rer%g taarn trglgasfeonrlec glllilsrilng the
to which a tensile member may be attached.

[36]. FIG. 21 illustrates a second securement and release mechanism to which a
tensile member may be attached.

[37]. FIG. 22 illustrates a third securement and release mechanism to which a tensile
member may be attached.

[38]. FIG. 23 illustrates the third securement and release mechanism securing the
cranial end of an implant to an inner member of a delivery device.

[39]. FIG. 24 illustrates the third securement and release mechanism securing the
cranial end of an implant to an inner member of a delivery device, but being moved
toward the extracorporeal end of the delivery device as a result of the tensile member
being pulled.

[40]. FIG. 25 illustrates the third securement and release mechanism after releasing
the cranial end of an implant to an inner member of a delivery device.

[41]. FIG. 26 illustrates a fourth securement and release mechanism to which a

tensile member may be attached.

[42]. FIG. 27 illustrates how a tensile member may interface with the mechanism of
FIG. 26.
[43]. FIG. 28 illustrates an embodiment of a medical device with a handle system for

axially retracting a sheath or outer member.

[44]. FIG. 29 illustrates a distal portion of the embodiment of FIG. 28.

[45]. FIG. 30 illustrates a proximal portion of the embodiment of FIG. 28 with the
sheath fully retracted.

[46]. FIG. 31 illustrates another embodiment of an apparatus for pulling a tensile

member coupled to a manifold of FIG. 30.
[47]. FIG. 32A illustrates yet another embodiment of an apparatus for pulling a

tensile member coupled to distal end of a medical device 10.

[48]. FIG. 32B illustrates the embodiment of FIG. 32A with the flexible tube bent.
[49]. DETAILED DESCRIPTION
[50]. The apparatus for pulling a tensile member is coupled to a medical device, and

when physically coupled to the medical device, is considered a part of the medical



tensile nmenber. [31]. FIG 17 illustrates the enbodi nent of Fig 16 after
the |l ever has been rotated, pulling the tensile nenber a predeterm ned

di stance.wp28i1/16B486. 18 il l ustrates yet another enbodi meot/uskoiansappar at us
for pulling the tensile nenber. [33]. FIG 19A illustrates a
cross-sectional view of the enbodinent of FIG 18 along |ines 19A-19A of

FI G 18. [34] FIG 19B illustrates another cross-sectional view of the
enbodi nent Fll% 18 %I ng line 98— 9B of FI.G, 18
deV1ce at 1s to be kept in min en the apparatus is described as being coupled to

the proximal end of the medical device, as the reference to a depicted “ proximal end” of
a medical device to which the apparatus is physically coupled is one of convenience,
recognizing that the medical device may include other mechanisms added by way of
intervening mountings between the proximal end of an elongated shaft portion of the
medical device and the mounting through which the apparatus for pulling wire is
physically connected to the remainder of the medical device.

[51]. For embodiments of medical devices which are elongated, these elongated
devices have one or more longitudinal axes. If a Y connector is added to an elongated
device such that a secondary longitudinal axis is created, that secondary longitudinal
axis in combination with the distal portion of the first longitudinal axis (through the
main device) is considered herein for the purposes of this disclosure as the longitudinal
axis of the device, if the tensile member runs co-axial with or along side such secondary
longitudinal axis for a distance. In the drawings, these secondary (or tertiary, etc.)
longitudinal axes are indicated by the inclusion of a ° (or more than one ‘) after the
corresponding identifying numeral. In other words they are identified as prime (or
double or triple prime, etc.).

[52]. The terms “tube” and “tubular” are used in their broadest sense, that is, any
object which is arranged at a radial distance about a longitudinal axis. Accordingly, the
terms “tube” or “tubular” include any structure that is (i) cylindrical or not, such as for
example having an elliptical or polygonal transverse cross-section, or any other regular
or irregular cross-section; (ii) has a changing or different cross-section along its length;
(i) is arranged around a straight, curved, bent, or discontinuous axis; (iv) has an
imperforate, or a periodic or other perforate, irregular, or gapped surface or cross-
section; (v) 1s spaced uniformly or irregularly, including being spaced varying radial
distances from the longitudinal axis; or (vi) has any desired length or cross-sectional
size.

[53]. The term “lever” is used herein to refer to a rigid body, i.e., one with negligible
bending to serve its purpose, that is used with a fulcrum or about a pivotal axis, to
transmit a force applied to the lever at a first point (an “applied force”) to a body (load)

in contact with a second point (a “transmitted force”) or to transmit a force proportional



WO 2011/ 163386PCT/ US2011/ 041483 [35]. FIG 20 illustrates a first
enbodi nent of a securenent and rel ease nechanismto which a tensile nmenber
may be atwachadie3js86]. FIG 21 illustrates a second seckCersail1Andss
mechanismto which a tensile nmenber may be attached. [37]. FIG 22

illustrates a third securenent and rel ease nechanismto which a tensile

menber

may be attached. [38]. FIG 23 illustrates the third securene

rel ease mech nlsn1se uring.the cranial end.of an t.to nne
of o ol 1 v? eqRmERE ol vod aStB i Fon iR SlmRu T oSl it
rel ease mechRRbiaMSREHOhRAH REE! BNhalevBNst BE feuhMRlcAPhlEPi AR, bk
of a delivery device, but being noved toward the extracorporeal end
del i very deno&ﬁﬁdxgtamﬂegmdﬁbmﬁInahemWedsmﬁéﬁwﬁmbefbb@ﬁngeﬁm@vnmbrppimﬁ
25 |IIustrates he t hi

Che Gt BTy bEFek RS TERE A b O HET RE MR ALt shGnde:

[41].

which a tensile nenmber may be attached.

force. In a third class of levers, the applied force is between the fulcrum and the
modified force.

[54]. The term “coupled” and other conjugations or noun forms shall include
connections between two physical parts (a first part and a second part) that are either
direct or indirect, i.¢., through a series of direct connections between the first part and
the first of a plurality of intervening members and between the last of the plurality of
intervening members and the second part, and where those connections may be either
mechanical or non-mechanical, e.g., electromagnetic energy couplings, magnetic
couplings. Rube Goldberg machines are an extreme example of indirect connections
between a “coupled” input member and the final output member.

[55]. The term “connected” and other conjugations or noun forms shall mean direct
mechanical connections. Removable physical contact between parts is a direct
connection. Thus, e.g., with reference to FIG. 1, tip 17 is coupled (and connected) to the
distal end 12a of shaft 12, but tip 17 is only coupled to tensile member 24. The series of
direct connections in the coupling between tip 17 and tensile member 24 in FIG. 1 is as
follows: tip 17 is connected to inner member 15; inner member 15 is connected to
securement and release mechanism 19 of which release member 22 is a part; release
member 22 is connected to tensile member 24.

[56]. Cam Variations

[57]. In this section, the inventors describe variations of an apparatus for pulling the
tensile member that have at least one cam, as the term is used herein.

[58]. In some embodiments, the cam is rotatable with respect to the device. In some
embodiments of a rotatable cam, the tensile member and the cam rotate together without
relative motion between the cam surface and the tensile member. In some embodiments
of a rotatable cam, the tensile member and cam move relative to one another. In some

embodiments of a rotatable cam, the tensile member and cam sometimes rotate together
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nmenber
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asi ng
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[42]. FIG 27 illustrates how a tensile nenber may interface with the
mechani smof FIG 26. [43]. FIG 28 illustrates an enbodi nent of a nedical
devi ce wwb 2a1thimsisbe system for axially retracti ng a shearhiser11out4es
menber. [44]. FIG 29 illustrates a distal portion of the enbodi nent of
FIG 28. [45]. FIG 30 illustrates a proximal portion of the enbodi nent of
FIG 28 with the sheath fully retracted. [46]. FIG 31 illustrates another

enbodi nrent of an a arat us, for pullin ensil e nber cou to a
e f ol d ot renc BRI Gi Riaffetd s APl s e BE st LRt of

an appar at g Ifefét'hv@ﬁllohbﬂﬂ ot tﬁe (@8R hemPEHRE @arﬁ%uﬂéc%dgeh&at@@ fic@bn 88 & 1R
nmedi cal device 10. [48]. FIG 32B illustrates the enbodi nent of FIG 32A

with the fltewilbmembetrmddencam fusBipe. DETAI LED DESCRI PTION [50]. The apparatus
for pull Q9 a te S|Slee mber S Loupl e a(%x dmad cal t@e\giecc @g@ﬂmn
physt cal 15 coup! LS FRE rogi SRR Fe b Tl BERF A B0 OGP
medi cal In some embodiments of a fixed cam, the tensile member moves relative to the cam
surface. In some embodiments of a fixed cam, the tensile member slides on the cam
surface. In some embodiments of a fixed cam, the relative motion of the tensile member
and cam surface generates friction between the tensile member and the cam surface.

[60]. In some embodiments of a rotatable cam, the surface of the cam in contact with
the tensile member has a constant distance from the axis of cam rotation. In these
embodiments, the cam may act as a pulley, if the cam is substantially cylindrical in
shape. A substantially cylindrical cam may have a groove between two flanges, as
typical pulleys do.

[61]. In embodiments where the tensile member is wound around a rotatable cam at
least about 360° (three hundred and sixty degrees) during rotation of the rotatable cam,
and that surface in contact with the added tensile member is at a constant distance from
the axis of cam rotation, the cam may be called a drum, such as a drum used in a winch.

[62]. In some embodiments of a rotatable cam, the surface of the cam in contact with
the tensile member has a variable distance from the axis of cam rotation. In some
embodiments of a rotatable cam, the surface of the cam in contact with the tensile
member has an increasing distance, r, from the axis of cam rotation as a function of
theta, 0, in polar coordinates. In some embodiments of a rotatable cam, the surface of
the cam in contact with the tensile member has a constantly increasing distance, r, from
1; at theta,, 0, to r¢ at theta,, 0, in polar coordinates, from the axis of cam rotation.

[63]. In some embodiments, the surface of the cam in contact with the tensile
member has a constant distance from the axis of lever rotation. In some embodiments,
the surface of the cam in contact with the tensile member has a variable distance from
the axis of lever rotation. In some embodiments of a cam, the surface of the cam in
contact with the tensile member has an increasing distance, r, from the axis of lever
rotation as a function of theta, 0, in polar coordinates. In some embodiments of a cam,

the surface of the cam in contact with the tensile member has a constantly increasing



device. That is to be kept in mnd when the apparatus is described as being
coupled to the proximal end of the nedical device, as the reference to a
depi ct ed woppaxicsask end” of a nedical device to which tReTASPEANAIISI | S
physically coupled is one of convenience, recognizing that the nedical

devi ce may include other nechani sns added by way of intervening nountings
bet ween the proxi mal end of an elongated shaft portion of the nedical
device and the nounting through which the apparatus f.or lling wire is
ohys car 'y dUied: Do aat RESh S ferbandst: Prdl Ao cardinuch diom 18 s oy
enbodi ment §e@f rdiBncal devices which are el ongated, these el ongated devices
have one or nore |ongitudinal axes. If a Y connector is added to an

el ongat elb4dievi ce Issmhe ¢rhbadimends @omekasyetioo g tteusdifaed ofdlkd eant thatisentemldd t hat
secondary Hoqghtiﬂ{qallaxisg n_co ipat“pq W th tge.digyal gort%on f the
first |ongi'? (AHAMCARIYC CrRIestgRY PR HaM TaUre & OoUmER s} PSSR Li n for
t he purposefse Qfrfichios 1 &@h dsy e i dbden bengt tikdicnale A¥mSeOmay hertdethcce, i f
the tensile nenber runs co-axial with or along side such secondary

| ongi t udi natangsrss cfasp seetign of e ésile member. dp sopgabodimesls. saewsrigetiop qfor
tertiary, “Eﬁ&s&ﬁ&é’?@% H%JH B i ARRAR ¢ .cb&g&tgﬁ‘é @9 imd e i Pfé% ]Pr[% Bed - (or
nore than one after e corresponding Iden |?y|ng nunmeral. ~['n ot her

wor ds t hey shape dsdehiridsvede aspsdetien 6Dthedaishit encatbet, rhiuph éarpér sk, I&tsomp. [ 52] .
The terns "tube” and "tubular” are used in their broagfst sense, that is,

any obj ect WP Byl e Gt aingsd @i orardRe kpalamempI gt iyr Aal
axis. ACCORAlNOtual 10 G RLAT hhk'BRchAF (hd UAMRE ofl NEbLIHR AicRE W © that

is (i) cylindric or n suc or exanp having an e ptica r

pol ygonal tmeamsverse cross-section, or any other regular or irregular
cross-section; (ii) has hangi ng or different cross-section along . its
Cength: Eok) i S Ihboingui GRSt d SoStsedliopf Ry et T 18T s FEEE:  nuous
axis; (1V) thagcRB tHIBRNIE Aty nfay b s@ﬁ%ﬁt?‘iﬁ GorR¥ ciRbitBmeRE f @bRlBetion’dregul ar,
or gapped surface or cross-section; (v) is spaced uniformy or irregularly,
i ncl udi ng tled suyfaspE el camn Yhatgs magiided talireseira des tehpitsmmember mayimaeh al  axi s;
or (vi) ha§ any. desired.leng&h or. Crass- s ctionalbs‘%ze.t[S?ﬂx§ TQe term
“lever” is GLOEHEFST PG PEPS e mepbg; M 5 CmPOUMEnS AR SRR gi bl e
bendi ng t o tsefu¥Rcd bSthP ViR AEE is ihidaded 16 re@ed thé tchsik thethbdrwmyafava fRuwhma

pivotal axis, to transmt a force apPIied to the lever at a first point (an
"appl i ed f chaps as thytransyergy cropoeaghion Al heriensde nygnbsr. Hus e dBa Sysi dp spre
"transm tt f : I i r p i l.i ed
force to a%ﬁgﬁgﬁ%ﬁggégkﬁﬁ9%%ﬁﬁ2§?ﬁ%ﬁ zﬁgOgg?éﬁgp%%%ﬁgp?gﬁkﬁﬁ%?%ﬂgﬁﬂforce").
The rel at i \neenes ntaydaveatridiiespacto drarédie theveare-lelf thbdiahieta rofin cohdientappl i ed
force, and the nodified or transmtted force may vary. In a first class of

| evers, t hdIRLHAENHISMCPI%Sht al axis is between the applied force and the

modi f | ed[f’?,i;t tr an?ﬁh&rﬁ@&nﬁ&ﬁ&@nts,ltﬂe éany 3%9 g _cgﬁtﬁﬁguﬁ irl &‘ﬁ%c?witﬁ?@e {ERGET 1 ed

force is ween the fulcrumor pivotal "axis an e applied force. In a
t hi rd cl assnanfiber éwer the frfieoayp Pl cadadt 6y the lass besonseembdieméni$, thaicanandyt he

nodi fied force. [.54]. .The term "coupl.ed” and, ot her canjugati o r. noun
forms shal Pemgmiatl i Aduifort GReREime e pRysFLur Burpat il e fit "par
and a segpmd par DevicBaditR 6o &iider direct or indirect, i.e., through a
series of direct connections between the first part and the first of a

pl ural i t§p8bf i nt & vené egberdinibets.sthedevigremae bavet e dagst Tosompemppdimghist y of

i ntervenin mhers.and the second part. and e t hose, connections may be
el ther -mechbarag M Afen TRROG A by L8] SR TS CAIE

coupl i ngs, comgaetedirst@dpl dndgsthe Rvbeis Cohdh erf gsdtad tin@sionthe RAsiRXhEBER
exanpl e of indirect connections between a "coupl ed" input nenber and the
final out pgPntagipdersecqmgpm. fresome epbodigieniscihe drstgaa has Adirst pejleged thens or
noun forms shaklcaffBAR (AL GRE pBRENAILER o FRRIARELODE imeRREDNARLE RIRLCal
contact between parts is a diTect connection. us, €.g9., Wth rererence to
FIG 1, tipnbddinenspthplfest daanbhscofiseplo@itt) whacht haultdiis b dirstanduifef tofisils haf t

12, but tip 17 is only cqupl to tensile menber 24. The series of direct
connect i ondN§HPeF ﬁ)@lﬂ@oﬁﬁheﬁngﬂﬁgﬁ@w P San%?%cﬁgmf - EHERFesgls fhap g 1
is as follows: tip 17 is connected to inner nenber 15; inner nenber 15 is
connected to securenent and rel ease nmechani sm 19 of which rel ease nenber 22

is a part; release nmenber 22 is connegéed to tensile menber 24. [56]. Cam
Vari ati ons e



[57]. In this section, the inventors describe variations of an apparatus
for pulling the tensile nenber that have at | east one cam as the termis
used her ew0.20{15833861 n sonme enbodi nents, the camis rotarablus2eihi4BEspect
to the device. In sone enbodi nents of a rotatable cam the tensile nenber
and the camrotate together without relative notion between the cam surface
and the tensile nenber. In sone enbodi nents of a rotatable cam the tensile
menber and cam nove reI?Iive to ogg.ﬁnothe .. In some_.enbodi nents of a
n

rotatabl e G HENQERAT| ENWENBEMOHN B BR AU ETERAME 5t 2R 0 gt REFCand
soneti mes ERdmRhAL IGirkiQafRsANRbIMR that k8 Hed® sSaRGdLRB RS fotath 1R ERL-at abl e
cam the relative notion of the tensile nenber and cam surface generates
friction beeasieehat the fereqshiccdtenpiete thnldveripestdhasesondaore. [59]. I n sone
enbodi rre@g? theTcan? IS ibn a fixed position with respect to the device. In
some enbSdiments SFU8 PREG VEHMC Y he tensile nember noves relative to the

cam surfgog. | n gaseremadicrRendc0fis @cliihdeth ©amohhes b eawrdly MRMIRIdys! | des
on the cam surface. In sone enbodi nents of fixed cam the relative notion

. a .
of the tendhdtdanpdivemsigndn eanrkie theeodeagend disctians ¢X.iYen) Ferurssaing is
tensile ne d. t I il [ Sy.Qf
r ot at abl e gfglﬁ]éns?(ﬁl emstgg f glgg}vg#] a{l(ﬁ g%écg n11§ ?Jr‘]te%doe ﬁttg %{gﬁa\}mﬁ;{éﬁ q{lj Iﬁée}}g]{&éhglﬁl s ﬁlﬂr% nber
has a constcany shisghaseemprasivé ladewxitisoud budding r Sttatanaal cohipréskigs &ads are
enbodi ments, the camnmay act as a pulley, if the camis substantially
cyl i ndri callh9sh apREyEmatalyseyat ahtni%mﬁgﬂecfj/ﬂ thegmicaded é%’:%%l%‘gﬂdhg)&é‘ En8iPBove
bet veen t vy dhaRaf% mASink ik G8liuR U l68YSo (R ilibikbd Wil TARITRE Ry oyehgr € 1 he
tensile nenber 1's wound around a rotata% e cam at | east about 360 (three
hundr ed andrss xt¢ofiotlefja éesije thambergnaybatiaon dediretl Bkapeotrat il @otcaepssamg t hat
surface in,contact wth the added tegs'l .§ at a constant di stance

] e nenber i
from the aPPEUBal /nPRHiRYinexanple alaiehsily TR By il BOHPEHAT SRBICRE & dr um

used in a Wd€Rection is a filament, formed similarly to tape-flat and relatively thin. The tensile

member may be entirely made from metal, plastic, polymer, natural plant fiber, natural
animal material, a homogeneous composite material, or a heterogeneous composite
material. The tensile member may be entirely made from a combination of materials. A
non-limiting example of a tensile member made from a combination of materials is a
metal wire having a coating of a polymer on its outer surface. Another non-limiting
example of a tensile member made from a combination of materials is a braided or
woven tensile member wherein one of the strands woven or braided is metallic and
another is polymeric. The tensile member may have a woven or braided construction.
The tensile member may be tapered along one or more sections of its length. The tensile
member may have a constant transverse cross section along its length. The tensile
member may be hollow. A non-limiting example of a tensile member that is hollow is a
fine hypotube. The tensile member may be generally solid. A tensile member’s
construction may vary or be constant along its length. A tensile member’s construction
may vary or be constant along a path from its longitudinal axis to its outer surface. A
tensile member’s composition may vary or be constant along its length. A tensile
member’s composition may vary or be constant along a path from its longitudinal axis to

its outer surface.
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[62] . In sone enbodi nents of a rotatable cam the surface of the camin
contact with the tensile nenber has a variable distance fromthe axis of
cam r ot atwono1mw3ssene enbodi ments of a rotatable cam tRreTASRdIAOE148F t he
camin contact with the tensile nenber has an increasing distance, r, from
the axis of camrotation as a function of theta, 0, in polar coordinates.
In sone enbodi nents of a rotatable cam the surface of the camin contact

with the nsil e _nmenber has. a constantly increasing djstance, r, frgmri at
theta BT T ¢ ATSome rapbadinigsy Attt et i Aok ladbR ARS feriongsled of | cam
rotation. [Bal of thOdSQEB oA [RPas, the surface of the camin contact with
the tensile menber has a constant di stance fromthe axis of |ever rotation.

I n sone ERbodi med somd ¢rebasliménis elamzati dpeof dlamtennle caambze ot lpadsrexpénteditersi | e

menber has a vari.abl istance fromthe axis of |ever, rotatiaon, l.n.sone
erboa mont Sea el Biefuafibd B FRshbOT iR e FhoteBh Pl A AR hel R Ro T o
menber has sabstdnfiaN RS e the AhROEE:F displabéaent hb&lcaxd Sct@itc fhewlkhdr¥nat i on as a
function of theta, 0, in polar coordinates. |In sonme enbodi nents of a cam
the surfE@éé of theseaprrmhodiBriiacthe Wik Ensidhsiiangthnefibe feniides mgmbeinist ant | y
i ncreasin i r,.f [y : f , 02, in

pol ar coo? ér%zettrgt%?ﬁ er%)%stl{%@méegifgra%ﬁ apg%gfrapg%‘gp %Sglrélui%%]f%t??%%ébne

enbodi mef$, a clwssms entbodimadis, athensierhaaberodxhitie ldanrdsiained.s Th nbewded to

contact the tensile menber nmay bhe straight. In sone enbodi nents, a cross
section of CORETEHAE ENofe PHEDG ARG KNG Eneda BTEORERCT e t onsi | o

nmenber rr@g;]mat Ch 1§ REmL AMBYBISR, GMORTe SEGhbL :xRibitd ?"%e%&ﬁﬁy sEoBBMRIer | N

sone enb ments, a cross section of the surface o e camthat 1s
i nt ended t dricamt @t¢r duhfecd ensidie thre byl reqeiyedh@vieotchthe senmsie simayter agaihdte

transverse cross section of the tensile nmenper,. but a larger size. In sone
erbodt ment SoUERd SHALEEOGES e chii tTadRe PRIt She R TEReo, BT et menper
may have a f@ehtsnm AR MmotOpBkingll p&iieh, t han one-hal f the dianeter of a
constant dianeter tensile nenber. [65]. In sone enbodi nents, a

cr oss- selfl.on of In heme gmbedmecnts, ¢ tvasitsanembeitmaysbd awvered e wits shalt gicee at he

tensil e menber be, sfrai.ght. .In sone enbaqadi nts,.,a crpss-section of the
Lot hce of TR EnEEagh! B o iibaS BT SRR TR S fe R RERI Tyt ot
the transves g 6xR8ding a6t digkndbn tihahd @Rk [thoMIKBRY thel dngREEIoLNHAMbsARNt S, a

cross section of the surface of the camthat is intended to receive the
tensile rrer%%?lh?ray have the sane shape as the transverse cross section of

the tensihe memder o B lnBolidfAR! a Sl rdhuR0Te SEROFIVIENAS wudy GlAR% SeCt | on
of the strface of the camintended to recelve the tenside menber may have a
radi us equatlettod Gomghe ainge of 0.801 ork-thal0H0 ifel, delasiet.en wWincaenthoxdahaind, a

di aneter tensjle nber. [66]. I n sonme enbodi nents, the cam nay be
cont i nuouslIt§silyme ’é’étaQ/\ﬁ[)]tOrfn?lh 1agIeE Mits- e Apyag o Wﬁ@%ﬁep@ BINPRC of

contact to i%}lﬁ'%.dl@sﬁlch bfAn® iRoPRll DBiSH of R GEMLR YA Eﬁeh&{deﬁtmah{oﬁgt ly in
contact with the tensile and t .

menber between the first poin e las [67].
Devi ces wi tother Wlongsasmice requirements in the medical device or the body lumen within which
the device must be advanced in, the tensile strength of the selected material, and the
required pull force to move the first point of the tensile member a desired amount by
moving the second point of the tensile member during operation of an apparatus to pull a
tensile member from a medical device.
[78]. In some embodiments, a tensile member has relatively smaller transverse cross
sectional dimensions than the elongated shaft within which or along which it runs. In

some embodiments, a tensile member has a transverse cross sectional dimension a

percentage of a similar transverse cross sectional dimension of an elongated member
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[68]. In sone enbodi nents, the device may have two cans. In sone

enbodi nents of device having two cans, if the lever is rotated in a first
di recti onwot2he/168338i | e nenber contacts the first cam an@#Cirfustéig/obaser is
rotated in a second direction, the tensile nenber contacts the second cam
In sone enbodi nents, the first camhas a first profile and the second cam
has a second profile which is a mrror image of the first profile. In sone
enbodi nents,. the fi st cam, has firgt profile, which results in first
amount of VUG MIcHEAIORE SIGRG! Buapia58 1 Rercrmesin B P da At psdp 40 3B nd
profile, whhahooeswifosioin a different anpunt of tensile menber being
pulled than the first anmount. In sonme enbodi nents, the first camhas a
profile [Mat reqUiensls neenshenbdcorenfent epions r ot ate the | ever past it than the
force re 'redt rotate.t % St the Tensi.l.e
renber vaDbar i ondn F90F cprdafn i SSHreoRabERR: (aad RbpulaPRl
enconpass %ygﬁﬂealaédrfacé lvnﬁﬂﬁ wiehy a ehiatdeh &ﬁthathél ltéﬁ%ﬂ§ infbeh woiipe@fardung t hree
ort hogonal directions , bé-‘ far exceeding its dinmension in the ot her
two and whinedie ithan Wpéheees tSdle ngnggieteicnce b gl Bt the gimensinns of tharqujer
substanti al r [

| oads are dh%lgégaé&%ﬁé & md?@fiﬁs 1}% ﬂﬂé’slt trqpl%ﬁérﬁﬁ{gggg}{ %(%}O?l hrbtef ﬂ?el eﬁﬁ%&f{ﬁ nsile

| oad for ai¢ gtestbﬂtrhaﬂﬂﬁfétlﬁf[metamf tlw%ﬂcm\fd padtﬁal aglidrichll sarfac Whith edceivbethent ended

tensile | oad, The transverse cross section of a tensjle nenber nmay have any
desired sh&ybndesfad n@@ap%tenﬁ@c&e@m Prodhigidiensignal Afsmer. fetiFigcexanpl e

of a tensil n%m%gcﬁ%dh,tﬁr& &T%{h‘é?{‘af"ﬁ{]gﬁﬁ%ﬁa cross section is a

filament, formed sim t ape- relatively thin. The tensile
menber ngy]. be enfn rsetny: atabke:hﬂnemm thet axtracpipastl epenpiw ydufinegs napluraity pifant

fiber, nat terial, a honpbgeneous.conpgsite material, or a

het er ogenedUCUEBAIES FELT AP a3 SPOTRE Fefis: RERRRDOE S BRTEHATERG ade
froma contahal@t dcBbhObpiBiges RhctherAulads bt tﬁbtelxﬂgco%&émhﬁa%era TiRNShdie menber
made froma conbination of materials is a nmetal wire having a coating of a

pol ynmer on metn@eomst seursd td ﬁw@@xtrmmqi nresrbhey bmbt:mgghre&@dmr gtiighedathrangi | e

nmenber r ion mat erJd al s i s woven tensile
Tenber whorts PIOEHE SARRHRREORE Rl BUER PRt Fe s e e SR ER S ot her
i s pol yrrer|cqcu11mdttmd@hmembefedg;ﬁﬁdﬁ@ye a vvoven or braided construction.
The tensil e nmenber may be tapered al ong one or npre sections of its |ength.

The tensi%é menbérr sqm@/erﬁmﬂémant@dh%teaﬁte TRerabes yetiasldo dheoadrasepercdimeinlaig it s

| engt h. Th may be hollow. A non-limting exanple of a
tensile rre Irfhogé;ﬁ%%{l ow is a fine hypotube. The tensile nenber may be

gener al | 583$o| [ d IAsdnen@nbeelimeit elic tSnstlermsetnthstchiayrfne gEyiredas yheasxtrberpaadt ant
along its length. A tensile nenher's construction may vary or be constant
al ong a patff™f F‘ﬁ“lhtoélep’bﬁ‘@’fet‘iﬁ’(ﬂ‘ilm% digk§ s to its outer surface. A tensile

menber’ S;ggonposi i %@@Mbdﬁ%&’m@&h@t@ns@l@m&ﬁ BBYedube th %ﬁacd%}g&r@ﬂs' le

menber' s cgrrpom tion may vary or be constant a%ong a path fromi
| ongi t udi nahengber svith@ny bse auher nmlnddaoéweldwg 2011/ 163386PCT/ US2011/ 041483
[71]. In odinents,.a te re flexible tha

L oheat o les ¢ B e e R e iy R Seurdd S8 I b fortdl®

member with any one or more selected adhesives.

[86]. In some embodiments, the tensile member may be secured to the extracorporeal
member or other body by being insert-molded.

[87]. In some embodiments, the tensile member may be secured to the extracorporeal
member or other body with one or more crimp tubes.

[88]. In some embodiments, the tensile member may be secured to the extracorporeal
member or other body via a threaded screw/nut connection.

[89]. Other aspects of the tensile member
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[72]. In sonme enbodi nents, elongation of the tensile nenber at | oads
expected to be required for actuation of a nechanismvia an extracor por eal
end of a wewonoel63iseul d be substantially | ess than the amountS2@f/ 041483

di spl acenent needed to actuate the nmechanism [73]. In sonme enbodi nents,
the mninumtensile strength of the tensile nenber is greater than the

| oads required for actuation of a nmechanismplus a safety factor. [74]. In

sone enbodi nents, .a tensjl e nepbe hi bits kink resistance. l.n sone
orbodt moRPL ™R S DiSoHER st frePnd oLt BtENR ST ik R g Gl sagton PolEer ¢ han

-5 MM [ 75]devik® of RiIE TRAH DU Sapp@atuS Hehbos TR TR tRXHvRbAScR WRRE Al | Y
snooth, lower friction outer surface to reduce the |load required to nove

the tensi| epaeivberglagdihneds daddingsrsi aic wiivolg, raduciogntls Tiskt of wivhingc teatieg. ween
the point of .attachnent,to the rel ease nechani.sm and .a.nore oxi mal
por ton. " 765/%" PRUBTE tar Bst i SRR IRE MR R Re R b B e n wi e
shal I mean damage is desirable during medical procedures, especially when blood or other bodily

fluids are in the working environment.

[91]. Embodiments for one handed operation

[92]. Desirably, a tensile member pull apparatus consistent with the invention may
be held in and operable by one-hand. In these embodiments, fingers of the hand apply
the opposing force(s) necessary to keep the extracorporeal end of the delivery device in
a fixed position with respect to the patient, such that the force applied by the edge, tip,
pad, or other portion of the thumb to the lever only rotates the lever with respect to the
device and does not move the extracorporeal end of the device with respect to the
patient. In general, human operators of such devices more often succeed in
simultaneously ceasing the application of the force to the lever and the force to the
device when the forces are applied within one hand than when they are applied with
separate hands. In general, human operators of such devices more often succeed in
simultaneously matching the force applied to the device opposing the component of the
force applied to the lever when the force is applied by the fingers opposing the thumb
applying the force to the lever, than when the force is applied by the other hand. For
whatever reason, human feedback systems are often better intrahand than interhand.

[93]. In some embodiments, the extracorporeal end of the device has a structural
feature, a grip. A grip accommodates at least one finger on each side of the elongated
shaft of the extracorporeal end of the device to contact it and apply forces to it. A grip
may be sized to accommodate two or more fingers on each side of the elongated shaft of
the extracorporeal end of the device. In some embodiments, there may be two grips,
each on opposing sides of the elongated shaft, and each having a surface facing the
intracorporeal end of the device and generally perpendicular to the longitudinal axis of
the tensile member at that point, which may be disposed between the two surfaces. Each
of these two grips may be sized to accommodate at least one finger to contact it and

apply forces to it.
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generally linear body that has a dinmension in one of the three orthogonal
directions (x, y, z) far exceeding its dinension in the other two, where
t he conposotznomiesdssenostly netallic. [77]. In some enbodiPoEnisg)iia4t48nsi | e
menber is a wire having an outer dianeter selected fromthe range of 0.001
inch to 0.040 inch, inclusive. In sone enbodinents, a tensile nenber is a
0.010 inch dianeter wire. In sone enbodinents a tensile nenber is a 0.013

inch diageter wire. The ectlo e di end on, anong

ot hor t nRbs. splbsTegun gty orhaiutR RHevE it SRt o Bt Rumen
wi thin whi gy f)a{?ﬁ seVviie@aniisl. e @AY 8RBEHmbALs, thohBialid€orSthe &NVeE dft the
selected material, and the required pull force to nove the first point of

the tensil éeasbmﬁegﬂraﬁtlb@ws@dthartbmb ahy troVingys the head and cpoiedor ofipircke
tensile nenbe rlng eration . of an a us to t ens nber
rom a maranretiiroai” Boh io@ol” REBIFALR o Sl freSTeibg Fae
relatively psvoedl lheis b&tﬂ@eﬁ WB5u$ 8 afd Bscut 3 AL ITARGhe QﬂnB@dlﬁie@t@&hé batbihiinelfongat ed
shaft within which or along which it runs. In sone embodi ments, a tensile

nenber has the leydmad et lsest epogtEp ﬁbYYtﬂillBrﬁ‘éllcaéIP%ﬁ@n@Hlf@wprF@éﬁﬂ@@@ herd. dnsi i | ar
| Jwhi ch
transverse (G g%ﬁ}b?s&%{ehﬁnﬁ 5&{ e{ls' 3 R Rln 1R Q%é%ﬁ@fdﬁg%?m rf}ol% | C

or along whic runs ercentage can o 30,
or up to an@ﬁmupwuﬂﬂmﬁq@kﬂﬁigmﬁﬁnshmﬁsﬁﬁnbemﬂﬁﬁﬁMmﬁnﬁnkm&pﬁmmmﬁn@ﬁﬂ] I n
sone enbodlnents t he extracorporeal menber defines a concave parti al
cylindri caltheslgreras a mgximpm digiancs o (aeipivnsa! axisthstyesa abeish 8 apd Aisar

wrapped ar g Q&n@@ﬁﬁo&?@ﬁth s 1RO lééz%gﬁ &SmbxEm{IR (ﬂst%ﬂ%g Tllllﬂlte 1\1;(5%951%98%6{\*/5611 in

that the di nensions o e outer |aneter lus two tines
t he transvebse@ dimandiSom.ofn $dnee ¢rebaiihentsiethd Ever 1$1sgar mavtmmnt ﬂnananctdﬂieorﬂl anet er

o e ooy P Sl Ul DL RL gl T ce, o o Tecel ves, the oyl nder anc
is securpd)w th negpakteatit feb&nexl b360E BOLARIN (HERHR fat cmbodiments designed
for hand operation may also be operated robotically using end effectors in the place of
hands, or elements of a hand such as the palm, one or more fingers, or a thumb. Any
embodiment described herein may also be operated robotically.
[96]. Lever rotation indicators
[97]. It may be desirable to avoid unintended rotation of the lever with respect to the
device. Further, if unintended rotation of the lever with respect to the device has
occurred, it may be desirable for the operator of the device to have an indication of that
unintended rotation. Lastly, it may be desirable to fix the lever in position with respect
to the device after rotating the designed number of degrees about the pivotal axis. The
following embodiments of the above described apparati may meet one or more of the
above desirable features.
[98]. In some embodiments, the apparatus includes a ratchet tooth which can deflect
a deflectable structure of the lever if that deflectable structure is forced past it during
rotation of the lever about the pivotal axis, permitting the lever to rotate past the ratchet
tooth in one direction, and preventing the lever from rotating past the ratchet tooth in the
opposite direction. In some embodiments, the ratchet tooth is placed in the path of the

rotation of the lever close to the point of initiation of rotation. In some embodiments,
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[81] . In sone enbodi nents, the extracorporeal nenber defines a plurality of
t hrough-hol es, each with a first opening on one surface of the

extracor pyoeall/we3sber and a second openi ng on anot her secfraseoiof4t4be
extracorporeal nmenber. The tensile nenber is secured to the extracorporeal
menber by being threaded or stitched through the plurality of

t hrough-hol es. In sone enbodi nents, the first and second openings are

circular and the thrqugh-holes are cylindrical. [82]. In s odi.ment s,
Che tensi | it od R g R Fulo S 16T cland e saroie s og e mor e
knots. [ 83letafibh SAREIcCEDOdI ments, the tensile nmenber nmay be secured to the

extracorporeal nmenber with one or nore crinping disks. [84]. In sone
enbodi mel¥9%, t he In ened ¢rabodembass, thasatdhet toethpreidets ombresidxsuracooipibe eath nenber

wi th any one,or no t hods of .wel ding. [85]. In sone.enbodi nent t he
Vonci 1o o of mEeBetBhe o feitp o¥ Bkt fasr LcBbins, BuROR B BE R BoU b one. or
nor e sel ectppdtadhieshy e8lecla8RlstruttireSoMBlcasdladhadinShe t4e tensil e menber may
be secured to the extracorporeal nenber or other body by being

i nsert-ndP8kd. [ &vpome pmbertaicelhibe ickiirosoreahend ehtic|dsvise msdidepayatseetsecur ed
toth t I ' [ bes.
oos ") XL ATRRLERTRIRRY 48 DR W 1P R TR G RLL R fuocs
ext r acor porrgahet neniahe edtchet tvdth Witye wefkecrdttyritadedr swayehbmuhe keaneaatli on

[89]. @ herthealgeeer%glsseg ‘Ihetrz?[ghet[ teorc])?ﬂ.l e menber

[101]. In some embodiments, the ratchet tooth may project from the lever itself and
interfere with a rigid projection from the cam or extracorporeal end of the device.

[102]. In some embodiments, a ratchet tooth may have a beveled surface that
gradually increases the interference between the rotating member and the stationary
member, and then reduces to a non-interference dimension, either as a step function or
some other function that inhibits the rotation of the lever in the opposite direction.
Either the ratchet tooth may be designed to deflect or the other of the pair of interfering
members may be designed to deflect, or in some embodiments, both the ratchet tooth

and the other member of the pair of interfering members may be designed to deflect in

one rotational direction and not in the other.

[103]. Tensile forces

[104]. In some embodiments, the expected force to pull a tensile member from a
medical device may be in the 5-15 pound range. In some embodiments, the minimum
force to pull a tensile member from a medical device is 10 pounds +/- 1 pound. The
forces required to be applied by the hand of a medical professional will depend on that
force, but will be modified by mechanical advantage, for example, if any. The presence
of turns along the pathway of the tensile member between its point of attachment to a
mechanism within the patient and its point of attachment to the apparatus will increase

the needed forces to move the tensile member at its first point of attachment.
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WO 2011/ 163386PCT/ US2011/ 041483 [90]. Disposing the second end of the
tensile nenber in an internal portion of the device or tensile nenber pul
appar at uswpenuves3sst from the environnment where an oper CorUsgoigloomesl hands
and fingers are noving, reducing the risk of catching, tearing, and/or
puncturing the gloves and/or skin within the gloves. Reducing the risk of
gl ove damage is desirable during nedi cal procedures, especially when bl ood
or ot her ﬁgﬂily | ui d ) 1lthe wor ki ng environnent. [91]. Enbodi nents
for one HARbed op¥stig 8W¥§§§T1 Desirably, a tensile menber pull apparatus
consi st ﬁg@@"‘ th e |dnBiEHal tORi18BnB8r 1R ibeildtodRPuARER&RISndNcaPB&iRaRd. | n
t hese enbodi nents, fingers of the hand apply the opposing force(s)
necessary tporfkeep desizdenct nmamrpmeelm me}’ldeprﬁldtohéh@lexpea@mdl&m@c de tewsila fi xed

position with .res Q ent , e.a t he
bage, tip. et 3B Einglop bESe B EPkian NG e sh iR RESEF LR Ra Y, oot ne
lever W th gkt end e daxiceahant gems oNdic tBMYIe nﬁéﬂﬂoeembéc@qa meeaal end
of the device with respect to the patient. In general, human operators of

such devi castupseay srechsnisn iowhigh itis aftaeipd, on dotleanfandislonsry aidseradgpri dat i on
f the f h
oppl ted wi i BeglsaP e indRla v iR 8 ok MG TP Ok ERBORERES ' P,

gener al , huesnibedaerainpths d@ftan%eldfe sémnﬂq:@mt mfedsds t@bé ﬁf@vsdlbﬁlﬂﬁdtppﬁatus is in
S|nultaneously mat h|n the force applled t the devi ce opposi ng
conponent &#° e © PB% AP ikt o Itﬁ‘ém? @9@93 1% ethgciplly dose éhaé;siﬁfweéd by

the finger %r(%l&{éﬂ % %t@?or AR ﬁlﬁp Wﬁé ﬁﬁta{l& ﬁlggmln?é’e%%redrt@@l when

the force is app he ot han at ever son, human feedback
systens ar @tha'tctoqmrdﬂﬂatrwmber nf thahapaatub ancds rtd) erdvarvdll be9&k .thdnmabeonkalf the

enbodi nents, the extr ore of th h uctural feature,
R o i Rl Bl g AR e S

el ongat ed %Bﬁakog&néggmﬁﬁkg&ggmgg&%@kdpnd of the device to contact it and

apply forces to it. Agrip nmay be sized to acconmobdate two or nore fingers

on each Bi0dk of Eh@ﬂbdﬁhgﬁﬂ@dﬂgﬁﬁﬁfnnm%the extracorporeal end of the

of ' the elBiBar ca GO MORG ceteRn Tl e PR Tong RREREL 8P por car

end of the (deit ca RArgeNer@idcy thehPpemds Cibaly. tia pafRula®MIG! Udilnahteasi s of
the tensile nenber at that point, which may be di sposed between the two
surfaces. Egeke offr tdelivermanen ginbant nigy tise vasculatirg ol commBeht e atersadist one

oL e B T O B g 0 ok e 7Y o o

t he | ever amdnaimrh#add soomecrasddiménits, thasetflogppaling swdnt & jbintdto grajmdlatdrml sone
enbodi nents, .the conblnatlon of the lever and at |east one grip fit between
the thunb AWHCH Wocqmbipaion fgrmsparhAka prosthetic abdamigl QrUBpaeic @Hfi GUFARAi on. I n

sone embodiprSis chi6e by &S 1n%§all?r?§gﬁ%'r§mﬁy gﬁ)rgigﬁlﬁﬁg)g %g?ic%&ﬁ@ar@hr}?@ﬁlal axis

bet ween about 3 and about the conbinati on of the
| ever and08} | eadt sanecgbognints ofiatdelinery ypvicahs erayononilé. 11 thetdevicorl0t he

hunman hand. i ment t | ever ha m nimym di st apce at, t he
poi nts of 47t pURRbeRE DAty st ¥ el et afisrlgait o iomie i <
for the humanshaigh theMboi9MeA &BRARITEMES end Bﬁtﬂe%&[cehﬂ@ 8c FEBI &4 gt ance
fromthe pivotal axis between about 1 cm and cm | n’sone enbodi nents, the

| ever has aorpaxdatrend ofi the adryicef regardicheohivheshelit @mc‘slabjem\rélerbOéb@unots Ism and 5
g)r(nl SI Bets\?\gg qugﬁlfoqie}flqgl n?ngni(;begelmga\{nesr ouQSlae 3 [RX ‘tl)orcrllffm E(I:CSOJ%(’? ngcly, fhgltoépldt hfe theI vot al
device may be referred to as an extracorporeal end, regardless of whether the device is

partially in the body. Device 10 includes a shaft 12, which has a distal end 12a, a
proximal end (not shown, as it is within a portion of device 10, and a longitudinal axis
(not shown), which may or may not be co-linear with the longitudinal axis 18 of device

10. Shaft 12 may optionally define one or more lumens in which one or more inner
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[95]. It will be easily recognized by one of skill in the art that

enbodi nents desi gned for hand operation nmay al so be operated robotically
usi ng endwefzbuctesdss i n t he place of hands, or el enents @®CTaASh@and4s8Eh as
the palm one or nore fingers, or a thunb. Any enbodi nent described herein
may al so be operated robotically. [96]. Lever rotation indicators [97]. It
may be desirable to avoid unintended rotation of the lever wwth respect to

t he devi ce. Fqgther, if.unigt ded. rot ati on of t@e hever @Ath respect to
the devi ce MEPELRGY Pegisppie rr:ﬂwﬁf‘em&%mf? P18 1Y DG HACTH FRR A SFOSSPCLB devi ce

to have an ghaili atilcOfelbert, H8ds, BPiuBteRdeslifcal 8hiPMm nia?%% la} asdenbVBYF 28
desirable to fix the lever in position with respect to the device after

rotating t tee nthes ingnibdrsrandhenotofeceieqtle e singtrothalit Hdie shafbmaly imptids. tutidseol

foll owi ng enbodi. ﬁi?? of the abos[/e[%?g scri bed aggtﬁ{)ati may nmeet one or nore
of the abovA HESTLET dMicRsipps X ?%mqnﬁlo%r% odi nents, the apparatus
i ncl udesyaor. at chefevico Q0 MaphhdidcCamcdahis@CI) Br RefinifE b dbiion St aniEiplak 20f the

| ever if that deflectable structure is forced past it during rotation of

the | ever abauvmalleredipieggernthapiicgmppsatodartdeplgyechdineasien. Such drpiBing 8t t he

ratchet to i e b O nreMent | f [ t.ing past

{he rat cheresalfiicli s ib Bflu B RERSTH Bkl MY Riccht B ORI G0

rat chet toakhvdran@badsibyithe imyglag@0h Twforhidiembatiatihtanhodectilemehterndireledsose t o

the point of initiation of rotation, In sorrg enbodi rrents,qgtlhe ratchet tooth
dl

i s placed iMFOHESPAP HavT relgdes Mmepgst 42 @iitratsd il (pdiase restangisiavhigh ey ed
rotation ofy.t e 1 t1%9), tq;

proj ects f}gﬁggwgi%@kgh@%ﬁ%ﬁn%?q?ﬁ%pggﬁpggﬁuﬁg]?h%&ﬁﬁkﬁg%%ggfgaggﬁﬁgture is
f or ced pastreledse dbe ipngionaifathe omplaht. t Detdileodrexatnples of lpesyhle stalreragtit sandt he

defl ectabl e structure w defl ect a f the cam [J10Q]... I n some
Crbod mont SIRE Tty SRE e Tomd T ash s iy RS her b s FHPRRgS ¢ oot h
adj acent t hg R hetBNagE dfpapitud BendRVEbwagMED cdthRbrpbical R Jrav@Ee [®t at es
past the ratchet tooth, the ratchet tooth will be deflected by the |ever

away from tlheomegmbodintehnts, tehasd mombenidss escurérblor atcosistmensbrr24 4t 2epjnt | n

sone enbodi ts,.the rat.chet tooth Q] e fromthe |lever itself and
Thterfore oy b Giahar EPEls MERbR AL L ERleg SR BE U TR ERY of "t he
devi ce. [ 1Q2Hevitd1(®oStRherthade Mather may bakdbedd (boghhelsmy thsNemambey ghed
surface that gradually increases the interference between the rotating

nmenber and spe eBbadimshtr fic pgmally agwaable apparabiehic pRysicslly counled taskt E-ence
di nensi on, 4&j : t functi I o) f A inhibits
The rot ot oSt SHBbRn ob LA LGB Lo SATRe Pl AP Mkl 470 08
tooth may bectagdsd gridd. t pfodebdeadtillatratibve  Bttivequent figlres phktratotmbodigich®r i ng

menbers may be designed to deflect, or in some enbodi nents, bath the
rat chet t odf APREFHUY fﬁef%ap PE FeAse Fengife mpmbesddthggmaynegsorales iysirtniBets may
be desi gned {.0icd¢Hl ect in one rotational direction and not in the other.

[111]. The device 10 may include a sheath 28 at least partially disposed about an inner
shaft and/or within an outer (tubular) shaft and about an implant 20. This sheath may
act to maintain the implant 20 at a smaller dimension than when deployed, or it may act
as a barrier or lubricious surface between the outer surface of the implant and its external
surroundings. Such a sheath and implant must have relative motion along a longitudinal
axis of the sheath to deliver the implant to the body. Some embodiments of a sheath
may be alternatively termed an “outer member,” making shaft 12 an “inner member”
relative to such a sheath. In some embodiments of the device, the sheath is axially
retractable. In some embodiments of the device, the implant is axially advanceable. In

some embodiments, the mechanism that provides relative motion between the sheath
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[103]. Tensile forces [104]. In sonme enbodi ments, the expected force to
pull a tensile nmenber froma nedical device may be in the 5-15 pound range.
In sonme ewbadivesiss, the mninmumforce to pull a tensil| @eCwasben/ ofir4in a

medi cal device is 10 pounds +/- 1 pound. The forces required to be applied
by the hand of a nedical professional will depend on that force, but wll
be nodified by nmechani cal advantage, for exanple if any. The presence of
turns alon%P@ thma of the tensile %, nits 0|nt of

at t achnent %)Mﬁ%WWmmmw%mMW%wwww%uwﬁ%%mmto
the appar atshge WhibbdihRGisE@S BxibiMerdl@a8E shANL] olled @\ ofall®Id 1RAdI|36 tRRMDEr  at
its first point of attachnent.” WO 2011/ 163386PCT/ US2011/ 041483 [ 105] .
Desired | emgﬂyl*betrotamdl dne[ QIQﬁPfera‘bbemb@rtQ@Ihomﬁf, Ha{nﬁbmsltheelongmdmal axiadf theeds t o

be pulled f e a desi i-ntracor poreal ly
ey depend BT Fe i Etfle fidis "R KRS, RIS B Spd 4 aieRER ooy
stretch durchidgdiapmts @Iﬁbp@ﬂo@(ﬁftﬁe HeRgh evienaet dst)ﬂéQlaﬁ@ﬁf Rd1H e shﬁfttllze
apparatus, and the di stance the first point of the tensile nmenber needs to

nove to ac@ﬂéﬁ@3@Hyrﬁ%éﬁaﬁr@ﬁﬂﬁﬁdﬁhﬂﬁhtﬂF shaftak e Frbact Be sheathy tarebyand
release) a 8(?\’&13 of ?&E})toaﬁtéeﬂ% (iII 9[?1% g&% of 6f the L\uqu 1@(—.0}{121&7 885]1% to be

delivered. Tn so scrl erein, ance e second
poi nt need&nﬂﬁdhﬁmﬁp%ﬁﬂﬂ?%ﬁ&ﬂ%z@nn&hamhﬁﬂhSOWthhefﬂﬁﬂ@@xﬁ&ﬂamﬂ dfothewo
inches. In some enbodi nents, especially those that deliver prosthetic

i npl ant's f6?V@%Hﬁﬁﬁﬁéﬁigﬁ??W%“gﬁéﬁpvghs the di stance the point secured to

t he eX”PﬁQ{ pore@esﬁﬁﬂjﬂfﬁlé?fz ﬁlﬁﬁ ?E Ep“ﬁ@@‘%ﬁ&stﬁa%s \éﬁlb%ﬂaﬂe Pgeh&ss than

about ha he tota I'stance o 1'ant bel ng delivere and thus |ess
t han hal f tahepplirgtafocpulding rdorse mpMemgeréméhtTenmﬁadsmbﬂ He setauasited) .

107 Detai |l ed Desc of. the _Fi rnin o the
cboti mont 2t FRKERAGE el opfdn g e DTt i gk Pl St P S o
del i vering dmiRbbe ¢hotsRovdn [HUARTigdte, BuliadNG. iﬁaﬁafstsb&yé@dt,a s6bdad pbint 29
|IIustrates a device for dellverlng an inpi ant to the vasculature of a

mammal . | n t@ae@qoed npsartel, odiielr islgcatetiegernal id thadodatad may bevéfewed toras an

delivering.a self expandin rter

enbod men s e meBRT BRI Ao Sk BRt oot Ty Wi SRR 3 dni ch 1 n
conbi nat i omefvkABhadRsE péiht 25 zlﬁ{d%bdﬁﬁlt p&ntar_@d@m ﬂ@d)ughra luhRhagideviad®n0,andSuch a
prosthesis can be used to internally bypass an abdom nal or thoracic aortic

aneurysm  [MAYIPN ORQOITBORE IRIPHBWMPETHH(S Sophad Héﬁnpv%lpymb@wewedg By in FI G
1, the d 10, di nal
_the dgyire ﬁo}%‘?‘gt%o;q&ﬁ&m? Q%ji't mefhbBf QM e Eeg%)?_]n@%ﬁﬁl‘l Be c{?&)&ht udi na

axis 18. " I'n use, end I nside cord ing t hat
end of thexdemme&m@&mhﬂﬂam&ﬂ@nﬁ&ﬁvtelashayﬁmwaﬂmﬁmhmﬁmdmmﬂehhﬁﬁﬁey4@e
regardl ess of wheth is actually in the body or not. In use, the

pr oxi mal er‘i’&aylrﬂnP%r?rﬁ‘i’lﬁ%thﬁd?@“&@m@faxf%]@ Hagyice Bcordingly, that end of the

devi ce ’T@MPG r 1Rl Rfkaled 1@%1@@ %%&Jc%@?é&%ﬁﬁ{bere@m I BahH &3534f cyhet her

the device 1s partially in the vice 10 includes a shaft 12, which
has a d|stdH1enmmaﬂaamanpnokﬂma$3@nH1%xmﬂmnmmmmmﬁagnmuﬂassﬁbummnnhwport|on

of sevice 10 aviR Lana el 3 (et Shoul, ol e T o ot B
optional Iy 1dehbtn@oRAf aRll plRBEE akidBBNS i £ iU FdlitRMEw K rddPicetd thBYortion of

shaft 12 to which cam 34 is coupled. In those embodiments where cam 34 is physically

coupled to shaft 12, the number, shape, and size of parts forming the mechanical

connection(s) may vary according to those parameters optimized by design choice. In

FIG. 2, cam 34 has a circular side profile and two through-holes illustrated in dashed

lines. Tensile member 24-2 is secured to cam 34 by being threaded from right to left

through the first through-hole 38 and from left to right through the second through-hole

40. As illustrated an unattached end 42 of tensile member 24-2 extends outside of
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menbers may be di sposed. These inner nenbers may be other, smaller
cross-section shafts, tensile nenbers, rods, or tubes as required. Shaft 12
may be arwassarmsb3seof one or nore nenbers and i s not ne®eTABRIP4ESSI ngl e
shaft. The shaft may include tubes of varying internal dinensions or
external dinensions, or both. [110]. Device 10 may include a nechanism 19
for retaining a portion of an inplant 20 at a srraller di nensi on that the

i npl anted or d d nsi Such, a retai or .securenment nmechani sm
6P oot R thrattlesle TR B bR ai il b 2 i B R ERST Y S olol | vor

and/ or depliQyii§ RRMHEPhaNtord AnthkdhdfRMEVERRRHL e McSthrdabRigSEC I SRBNvoRR

rel ease mechani sm 19 has a rel ease nember 22 (illustrafed in FIG 1 as a

r ect angl e) stilghingh tavagcutye tameilee chetbaa 24 tt)h@neﬁﬂrraazompbrdeatforemn@ﬂe de«mece 10 a
pr edet er m ne ance to rel ease rt| Iant | s of
exanpl es o?hﬁﬁgr%ﬁ%l %S(‘?ﬁrpear?ﬁ]ﬁlfnaﬂ%h]?el queh ach %rﬁ’%t ]@el}]i%tﬁfmf)e nd in
Figs. 20- 28arolRgl-Base omeidogdditdon bfSkro®d Ardthet ao@.nneezﬁgewahbly ofGbwabmike
apparatus to nove it toward the extracor poreal end of device 10. In sone
enbodi nent snember g4smayrpatsesurabtq ean Sdupagdesocrinpiag ¢ mempsntsiéh axgleanta poi nt
25 al ong t |

extracor po:agna%n% dl Q@g Srﬁ% ﬂ%%@bﬁﬁ% eééltb g{rgﬂél G%E&R%UM t%daC[ g%faﬂ¥g$§ed to
as a rel easaot aﬁspﬂeeenmm)ﬁrembhm(aadrtﬁe ernd ofl temmeind ﬁﬁ.en’ﬂoble2@))(ﬁ‘@hﬂ&[ﬂg/p1&léﬁuat abl e
apparatus is physically coupled to shaft 12. An enbodi nent of such an
external ly %r@%ra@amr@u f-atus 26 is illustrated by a rectangle in FIG 1,
for ease;qhyill ushiati SNendlRRARPOLofil BsER) bl AL e TR HATHiS Of
apparatu for pul I'i ng rel ease tensi er 24 't a may cou ed to
shaft 12 ofwie wighdut the peesefick T pr ndbddodebogodOcontyg, | bmalumilds extesméauﬂﬁac28 at

(Tubut o) narterdhabRnahe AR TABTaD 5t SRt iy PaFIC o Wit R ai n

the i npl antymbheab42 i§ a%lhcarenﬁlerfﬁaﬁwe@@famrvmgls iBh OYEhmOEmbddifi®¥s, act as
a barrier or lubricious surface between the outer surface of the inplant

and its extueqlwhmg @wqooﬁtmtrdmggetersu@lholammeabwnanm Zirds Leapile mamberhhas pel at i ve

I I f th h h del
he body. - SongucBSatHEhPEriLY sRbsb A e RRat eV Rt ey B luEL, *°

"outer rremqartuatmﬁ)aaodagm‘s RRéded 12 HMhe fRBEbF w&eﬁem leRtcalld HR flacalafesa
sheath. In sone enbodi ments of the device, the sheath is axially

retract abl €Xcaspve sieichind san feshlts Tafthis ranhedipens, the meateriapselpgted @rdﬁnsalm y
advanceabl ve

not i on bet Q?%e“ﬁn%{%grﬁgﬁ%h an ?tgrp anﬁSI{gﬁﬁ%gaa%%E%om% e@%%ﬁa uﬂs} for
pul I'i ng t headied efasssile emsnbee 2AR0ethis dnbalonenteprivedd kimking, is bpygosixiaadly ¥
retractabl e sheath is coupled to a rotatable handle 30 that nay be rotated
one, or préf8rably nore than one, turn about the |ongitudinal axis of the
shaf t 12%1181‘9 rOfR%‘éL%'ﬁhg ARl oY &eFI@tzat%hiré’ GRAURA 8&ate® & g)%llStQ@Jﬂ% 12 '“
some enbodinents, an operator of the delivery device nust use one hand

hol d t he shafibet248ndestlieg an tr@rvmgcrekeasteanenbdréortawdﬂdeexabwpot’ezldeandHéfctf 12 to

t t th h t.h j t.h
bper ator  ofiethe iSRG Ty i SonfRbaqr el Bar il Fect | y
pul I the shaaihABOWaE Qeédi@lt@zﬁ ra@ﬁqr@%g@én@}d elowkh@, sevdnt 84 tbtalcgtif act it
from about thelrrplant [112]. Describrng FIG 2 in this paragraph, FIG 2

|IIustrate§kahW§ﬁ@@§ﬁH@n%kmgmzﬁeﬂwéﬁnapﬁewéﬁ&bdﬂ@mlﬁﬂﬁpbmg2$ékedgewﬂen5|Ie
menber 24-2. Tensile. 24-2 i S d to.at fi Qi nt not
ahown it A4 “ROG PRI R pete fd BRETHIAG \Fufb efod aTAE PLaE R Tenber
20 (not ShQ’\MhtlBhstal'dlﬁaﬁdeng’fﬁ) WELV(otall ax1EI36a antl) poir@ Tl isi SdiSi@edd( edfrah pavosgcond
point 29 to a second nenber, ich is |ocated external to the body, and may
be ref er r edXB5c30aanhbecaeetcarct 1an dxs crbpdiment s Aubsiantiplly edindrigds s pashrrof t he
| engt h of I f n int 29
rune. 1 hroug Sep SR EARE riths, CLIRE R MRr McTbndt Blis SloRta BEEODGRER, 01§
(e.g., shafAf cyRjlsniod raslhmwt@at odim Gdvrhese bﬂ:@ota‘aé (mled:ktwwd)]tdibhng lpoins @nte Just

enbodi nents, ten menber 24-2 for at st _a | engt coaX| W th
t he |ongm§h¥ﬁ§|1 ﬁ?%ckaer L& TG T @8&%%&%@@?%@3&&%% menber
24-2 may run parallel to the longitudinal axis 18 of device 10. [114]. As
illustrated in FIG 2, extracorporeal nenber 32 is a rotatable cam 34. Cam
34 is rotatable about pivotal axis 36 0In sone enbodi nents, pivotal axis 36
isin a fixed position with respect t8%di stal end 16. In some enbodi nent s,
cam 34 is coupled to shaft 12 (not shown), and pivotal axis 36 is in a
fixed position with respect to the portion of shaft 12 to which cam 34 is
coupled. In those enbodi nents where cam 34 is physically coupled to shaft
12, the nunber, shape, and S|ze of parts fornlng the nechanlcal



wire without the presence of or need for a lubricious coating, because its
external surface is generally snooth, with sufficiently |ow coefficient of
friction.wOr0RAVG3388, tensile nenber 24-2 is a solid tengCraSoEmiverssdf
circular cross section. In sonme enbodinents, including this

constant-di aneter, nitinol wire enbodi nent 24-2, tensile nenber 24 has a
pl ateau stress which is optinmally chosen to be such that the typical force

of depl oynent act uati on oes_not .exc it. the f | oynment
oxceeds T neopr it PubuheSRee s T S Reve ey caiisrabyf BlsfiNwe
enbodi ment cn{hdgintEat, esjpatangebgcied 1kera tvengt, | ﬁtH@SﬁQK’%ns?lé BemBerabgQ, Uyged in
its martensitic phase (superelastic state). The maxi numradius of tensile
menber 24- Alusirted hngy errslodounemmly @poltblpntotithclmkum@:rfme apprmo xi d«alneliﬁy ¥ W

[116] . Retuyrnin speci fi of bef rot a s to pul |
tene i o merborisd Jory T AREE hh R Rl L Hiefe Mt BiEhGR!

ext racor porcg@l 34eRl a]c@a@éveﬂﬁﬂh@@hlﬂcpcla@seﬂf’fédeﬁ B’@tmbﬁ?lrnoz rodideSang! h&@aghicdln
contact with a surface of cam 34, al ong arc length AB, |ine segnent AD, and

line segnendvantageippeliag ongls merb@24rlsbul el lnfﬁeaél requirsianioss thg et ioss, a

| engt h of tﬁ?ﬁaﬁﬂlhﬁg rﬁ:{a(ﬁ 24-2 between first point 25 (not shown) and second
point 29 w 0 contact with a surface of cam 34 along the arc BC
Poi nt B [197h di sFaRc8A-30 illdstramn @idvabas ofixhise Jdiferaigd s1rhataﬁt1a1[§z tindrickilst ance,
rf, frompivotal axis 36, and because cam 34 is in di ment is

subst ant i al°fps & | Huriagiafions are dhy syrfacg Ag %&cwbéfa%aﬂywﬁ{lﬁéc fa%nl d4; Ip, of
the cylindghg, ﬁ&csdrﬁeé?lh@h eRsE el E’H‘IZ ﬁfa?% alf *O’Et%f £if'Sh e alS 3‘]5“9

radi ans that cam 34 nust e rotate ocC t rong point Cto just

shy of 12 cludiwmck, indndB86 glegieeks whzh aEZ/ﬂlalstra’[hehhsengtrhedodonbmsnrdme se@iovher 24- 2

that wll Lone i nt o.. cont th.the surface of cam 34 al ong .BC equal s
FAGL I t i e, SR S dib ot b e e 96 Saeb e s ene g

al t hough t pghde§ oMB{REdiafred wih ik lghddRt tih @l didMderdongroBl O dn 1t y3ca
portion of the circunference of camor drum34. [f thé appl i ed force to

rotate cams8dadestiZies groome ﬂﬁmtb@tcgrvedpamﬁetveqbromcmmﬂehamng@tradluam@r theam 34

will act a t he, t cl | ev but i-de any
mechant car. BRI ae RO 0GR edorie it Bpurd il iy o YL P
require at leawmk ewaebfsmm&aﬁ@fﬁm @Sculdid, lﬂﬁl@u -hélys ﬂl@ﬁtehtec{ hIFG. 2Rirg8nly3A- 3C
illustrate end views of three different, stanti al cylindrical cans 34.
The vari at isBewn By JdG. AAabW imayze MQrWntangwéﬂ@ﬁFI%ﬁi I3§3y%1¢|3lcndr| cal cam 34.

In FI G sur f psy al al axis
i rie Sg, 20, AQUNESGR RASSoRESIER, S ekt AR AP B PR 25
c u rved co naensﬁe nfeamr B2 thao inctudegrib chimpermesitsl o thesrhigrdirddnt irﬁh;eratgd aovKd

surface 44 is betwee wo cylindrical surfa,ﬁ1m of equal dianmeter, which is

gr eat er th&rﬁnéwﬂdw 8746, Bhichip Gomunchion withmapy 34epcralen 35 3deves 28 AW gr oove
45 with a %kroveﬁqxﬁ@@%\sﬁmg ﬁmdéaela&eﬂw@l%mag b gqf_hﬂg 1@l G8Emban-3 hat of
tensile ne 24 and extending along the entite axialf distance (1ength) of
cam 34. ForAsadssragfd, membstt 4¢atsifordlgdnidicedus saro34 ant rrmwtghlymupisd id dhat r at ed

in FIG 2 e.onl 0 n FI.G 3A bu b ent 34 of

H s Canadd: dkmies 32N Edsin bgbeetdanpt el B b S iR Bl SR s o s s
26-3 for pl&'dﬂtﬁﬁerleﬁ@xﬁ&l@e 1§1%t§l a{x% WREREe ks g%at@r thl&?ﬂle'ra[tﬁﬁsuﬂ%$czlrﬂg4cqm9nent S

of the enbodinent illustrated in FIG 2 and adds a nenber 4 46, which in

conj unct i orppliadiorsany @pliepermenaberalé a2 distaaee Agmahopivolpl wabat@xthsn@le t hat
may provid anlcal dva e L9 in S|Ie nber

illustrate is a}lrlﬁnberp%lg s’ %QHP nPI%(L:Ht ﬁ%leéa f%rﬁe %slo%tlgﬁrgg} t;Illecoupl ed
to shaft 1%wo%&rme[ théh 1@& a&eballlo@eﬁtedasraerewom taygycohd @kPoVRYEL. axihe 36,
and its furthest point is a distance, 1, fromthe pivotal aX|s where 1 is
greater thaRPiadeforesdisupplied abthat girfange, 1 pnimembgs A6, cams i vall iplidgpsieed t o
menber 46 [ r nce the
poi nt at vmq}tlec e’? g%sza‘P gﬁﬁgﬁr@g@}éd?g-og tg%téﬁ’“’géﬁﬂt% Islgftgﬁee @%ﬁg&é‘@ Qﬁ% Orqom t he
pi vot al axiof]/r,tvematievmer méhanichll adopeigatod tlascrabddmerit. i n t he second cl ass of

| evers. If the applied force is applied at that distance, 1, on nmenber 46,
cam 34 will pull tensile nenber 24-2 with a nodified force that is
proportional to the applied force by a factor of lir, the maxi num

mechani cal advantage of this enbodi nent. WO 2011/ 163386PCT/ US2011/ 041483
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[119]. FIG 5 illustrates yet another enbodi nent 26-4 of apparatus 26 for

pulling rel ease tensile nmenber 24-2 that includes the illustrated
conmponentwoab1itteassenbodi ment illustrated in FIG 4 and adugsaoigoupss0. Gip
50 is illustrated as independently coupled to shaft 12. One of ordinary
skill in the art will recognize that structures connecting cam 34 to shaft

12 may be designed to include structures also connecting grip 50 to shaft
In s enbodi 50 gl be held in one.hand a nber 46 held
b the ofglCand. r BRaCCHUE G, gh hereom e o R A e el DATRE ] rove
rel ease ”quéke%gmﬂ@ﬁﬁﬁﬁeﬁﬁiﬁﬁ%@ﬁ&ﬁﬁ@ﬁhe%ﬂﬁ&&@dQBm@&%h%Qﬁl@amﬁ&%@ﬁ&ﬁ, in
sone enbodi nents, grip 50 and nenber 46 nmay held in one hand, with for

exanple a tiustrbteil in Emtdead adds h gre rﬁﬁe tGr4165(hxsd1h@treted s m@lleeenrdﬁmtgecroslpbﬂ t he
sanme hand in c enbodl ts

oo oo it A 2 Dnetirohiy B e e SRR P R BB o

fingers in 33 tpakdfr B meypPaskigRafd Bidrat s@mbmrb@alg@mneﬁmgcgr@sesmtts shgf ip 50 may
have a surface contoured to match the surface of the expected digit to

contact i t .Inpemeegrpodimpws siprilsnaynamhedd ingge hagd Huhraeraby dphalddn dhertlenir ed t o
mat ch the %Hfl 8GR Abwhide ??@% gﬂllﬁé&lé rﬁe?nlf‘i’%aaﬁﬁ 1’115ve %1 aBe Rl %{)” gi d

body t hat Fecerve an orces tfrom I'n contact
wWith it totpradertraddgradiahll 182 fdeoioe MoV iMgvamer, umacmereh@bmmempgﬁp 58s a

result of the forces applje r 46_tq pull ns menber 24-2,
t her eby rrp\?rlﬁ U 26em e b 30, On”tf?@e} Vi e Cirame o A1 untiscontaet 510’ may
be sem -ri g"‘f’lﬁ%{ 98Uk 6k BIOmé{]éaﬁr{geﬁs?oft Gihd Al 1&9&%&%? %@ SRYinREmk! exi bl e

relative t aft 12 or to t enaln of device 10 I'n some
enbodi nent snbbdidenisc erif 30 rhinebe disposed azp}:iﬁm dtmngﬁofrwwlabdlsmmes rbegvasthy

coupled to shaft, 1 t hat a ar at us e elastically flexible
ol bt fve ¢ duaRahEs Sy BRI GIDST AN PRSI v Ot SO ¢ he
| oad appli egiptsd Ry Ihade hefghée 8dntb @B d TalBNine suddce 60 dRpESES1 &i%lt t5122]
FIG 6 illustrates a cross-sectional view along a centerline of a fif

enbodi nent cgBlag ibf Irawnmogab@chmsnt%nmberﬁlﬁl hinhave a snkce eonteurbé o miieh

illustrate IS | n edo ratl n r clarity,
tensi | o roguenBs FRe sBel PR REairtlen " TeBRE Aok PEA RN BB ek showt o
be under st aad ttafshie féraes ﬁa@ieth@roFeﬂam li@icoft@cttWigs @ tb|ﬂrbk&:hf teefaft N2MAKESS. 2, 4,
and 5. For clarity, only one half of the fifth enbodi nent is i |1 ustrated.

Unl ess ot hélﬂ%l%arsv%ac@@tabﬂwnﬁwfas adesult| qf ibg fosges ppligdr lormsembis 4edpoubf FI G

6. tensile member 24-2, thereby moving release member 20.

[120]. In some embodiments, Grip 50 may be semi-rigidly coupled to shaft 12, such
that apparatus 26 may be flexible relative to shaft 12 or to the remainder of device 10.
[121]. In some embodiments of device 10, the entire apparatus 26 may be semi-rigidly
coupled to shaft 12, such that apparatus 26 may be eclastically flexible relative to shaft
12, yet not buckle or significantly compress under the load applied to pull a length of

tensile member 24 from device 10.

[122]. FIG. 6 illustrates a cross-sectional view along a centerline of a fifth
embodiment 26-5 of an apparatus 26 for pulling a tensile member. The illustrated
embodiment is intended for one-handed operation. For clarity, tensile member 24 and
extracorporeal end 16 are not illustrated, but should be understood to be the same or
similar to those illustrated in FIGS. 2, 4, and 5. For clarity, only one half of the fifth
embodiment is illustrated. Unless otherwise stated, the half not illustrated mirrors the

half of FIG. 6.

20



WO 2011/ 163386PCT/ US2011/ 041483 [123]. In FIG 6, |lever 48-1 consists of an
integrally formed nmenber 46-1 and cam 34-3. Lever 48-1 is rotatably coupl ed
to shaft W0,20and3388 rot at abl e about pivotal axis 36, whipch/usgoln4assi xed
position with respect to the portion of shaft 12 to which lever 48-1 is
coupled, and wth respect to longitudinal axis 18 of device 10. Lever 48-1
is partially disposed wthin housing 52. Housing 52 is connected to tube

54, and 54 |s e tly. or indirec 0 oxXi nd of
ohat o 12 F ot hr QMO 6a Sl AT G b s B B £ngt o1
end capt ur ed_petueen- @1@1‘0‘%&@31 Eapldado AR Arand Wb aed10dbouhpicadeskics® 56 and
a proximal facing surface (not shown) connected to the extracorporeal end

of devi ce Mhignd i efisedpdsytionpuith fespastiiothtyportion of gadiclg to etvhath kpecrtdg- ltllse
extracor poreal, end  of. dev 0 e tu ar wal |
of cap 56 sPdPiehigf SRt Png LB BT ARVl v IRt BET '
12. I n songligpasddatitdmbowingt 47 ﬁ&ﬁiﬂ@@Q@éﬁnﬂe@&ﬁw b §Man @ e dif REfu 1e@f
apparatus 26, the nmale/fenale ends of the thread arrangenent can

reversed f dgestihestingiecily r%mrp&maéem%ofﬁhétl%by Fdireased s 20. '[THI?Q%%.‘H]@% agap 56
may not be e C ft- 12 has
femal e threg@§EUH]g%c%1%£8ﬁa § %%&%%e9é§ %f@@gggkﬁglggnggg one
of ordi nar yhiskdeldl capn Sehendrd p@(’ﬁXlﬂﬂi&lC rfmmécahrfa@nmﬁﬂt blove) Wednhnedted agnihze,

there are other enbodiments.in which threaded_cap 56 i s al so not necessary.
[124]. In PF‘@C"B"’T\%@iﬁ%ﬂ [ device 19 apdgpmo A Hehix xhelénapla%%tweép f about
2 cmand ahgl g Pﬁoreahe ®br RVvED10W tﬁe{‘th?éﬁﬂé‘!)@fheglﬁl&?\ﬁﬁ)ufa Spp%é e
cylindrical surtace cam 34-3. Annul ar groove has a 't nes | ess
than 1 mm ecagagea Vﬂ‘é]pm‘lhltn(gajlhmaﬂﬁbn mmﬁchrpom) end ofdhalit122 ﬁmnonﬁnmuhﬂmsg}foove is
defined by oppo strail ht si de | 1s ess tha

eyl i ndr i oxiMGRPREEEh ot Th e GELOTHGS At ERaR Thata n%aﬂf‘eefaﬂ@ﬂafnder

[125] . I'n FhGhrdid abrEciRANG RIre k@M THRIwheNS il BtrABIREFIG2 4. For 6am
i ncl udes a through-hole 60 across a dianeter, where through-hole 60 has a

conically sﬂhfa@ﬂ?d cee &6 imaty nek behingluded g dlre niiténgenaet conpled of pormheted tockihaft 11$ out er

54 3. T odtih Rt S Godt NPl PR SRPERS A8 & AT SR o Pha Ty ger

di anet er h@kﬂel, in @i drhéf rﬁagl@acmaﬁnebﬁ@ﬂsdmmaw@ghae nhée faf@&hé&)éniﬂ@ﬁmhdﬂ&sahs ection
of the tapered throu hol e 60 and the "bottonm or "inner" surface of the
annul ar grdﬂ\l@lqh@@éecg@@ﬁ6ﬂ%ﬁ%@édle‘fe@5%mve the edge. Continuing along the

ci amet er ofy the oyl ek GANSE 0 PPRATI S, H] FBulEAM BEalhy StooRg™ no.

t hr ough-ho a cohst I ane ectl on nma Iest
di amet er ofa Helght,doot § alm setl momnnuleiﬂgrwgheﬂiteﬂeé o Ghhadindrice saifite @feanng in

an external surface 62. This external surface 62 defjnes a space 64 in the
short cylirder f%%farigrﬂwéwé Ress oht %Sr@a%}%oﬁnﬂ@éhep # %%Wdt her
spaces, in r.m. of f 64,
p tf*él?odt@ Of ARl 8% A0 Befifed gb?’ar}ﬁ’ﬁgﬁ%b%%{t sﬁfe%l% 1e?92@§1?1

prowde roomfor the resulti'ng retainin into
sl ots 68 amin7Part,med pe;zlund\miﬂ;summbautrﬁ}ﬂlmMem cﬁ@tnebmhﬂlamtham&heegdmtla. fit

into spa i ntos ce 64. and a fer W th

or 41 oneliaftar s 75 bk orlk® rigeBt B Saind e renBnat sy SR R A ' And
intersect th8ua¥hdlBdD a&BLs SHkhaEE vk thl%ﬂgl@-ﬁglel@chTan:&hE&Hlsﬁzﬁpeﬁldéd(t@ﬁes of
the short cylinder and extend paraIIeI to the dianeter al ong through-hole

60 and end with gylargetrdiznagters b@lﬁatlﬂeﬁleatadtaﬁé elitermanosty cximdpeﬁdmff@parwtl@ht he
di anet er al ang thro Ar and .74 a K _into
st ai ne ‘Ser oM 8RBy PLeah 3.1, R i BB B hor b or ¢

degrees (240)argf tteyilthddeder Bamefr dbleCatsité 6dped fhat %ul@ll’lﬁfvé be@dopa¢dbypthet he
tensile menber and its interaction with cyiinder 66 and cam 34- 3 may be
found in aEReGHQR Y thplagcseé tyaugh-hole 60 and the “bottom™ or “inner” surface of the

annular groove have been radiused to remove the edge. Continuing along the diameter
of the cylinder toward the opposite side from the first opening, through-hole 60 has a

constant diameter section matching the smallest diameter of the conical section.
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[126]. In FIG 6, nenber 46-1 projects away fromthe cylindrical surface of
cam 34-3 along a generally radial line for a distance, Lm of about 2 cm
Menber 46W0 2061/®838¢l ongat ed, plate-like structure wth PCaUSSUHaE8s i n t he
sane plane as the top and bottom surface of short cylinder of cam34-3. A
surface 76 of menmber 46-1 near free end 78 has a contour to approxi mately
mat ch t he curvature of a portion of a human thunb (not shown) . [127] I n

t he enbodi tens | e menber at ed exit the
umen of - SHEueR ol D MR A LRSS o SF GUGh RS P oR b SH nt |
it enters %Qrﬂéhﬁés D520V 84 of (ealbR4yBRP that HMECHStht Btk r&?ﬁﬁdrﬁ)ﬂ dupgled cal
surface of annular groove of cam 34-3 at a point G Tensile nenber 24 then

will stay iTwaeheraspacen inithet floemiohslets 68unfl 46 consfongenthen sade @erDWé“ PI@IVidevm ng

Gy Chan £ Bk IR SR ERG e Tau el 2P ot e SEEL SRS BBt css

t he di anet egspedtiveBw ik ﬁcyhu@ar%emtcmgs&édrt@uﬁhmb@lbaee%@ @pugrel mito Kpackensi | e
menber 24 w aps around cylinder 66 and returns to the second openl ng of

t hrough hol6é aad mesharicallyt igtesisres with perionsnel aspisggiand dh rletsiG¥nand p%@s@ret hr ough
t hrough- hol &, any ﬁe’é ah%&a{l %Iplr ﬁ‘ré%élnf fhgfc&hﬁ’ Fch facé“%ﬁc?go%' 39191' yndétgblegg(! W menber

24 i s between a aces 0 and

ext ernal suufface Oﬁﬂl@@hoﬂt ‘ﬂ@hrﬁiedaﬁi @d‘tendsmﬁﬂkel ﬁ)4thé diacheadr aldﬁg teyplginbae 681 zed to
fit space 64) (arcs KL and MN) and is held by an jnterference fit and
capst an ef 8¢ teng iy odyndrieglsyriagss pt fhe %ﬁ%?rameeﬁ%lag ihgesamelprplong thee

enbodi ment tl'nloh%lﬁ% 181 8¢mk 'C)IZ1 F#l(@‘m 64nal ’SFﬁckqﬂirotth&f' ufainBd ?9&@6 ¥s [IRSTRE

extension 80 c ed to s - rojects from housi ng 52 away
from pi vot ahd anireun@Gabont tazorihtmde:drfertpeiﬂghew@aﬁ°)tqf aulivdet &b. aX idscBSionAg

illustrate | ongat ed, ate-like.structu e rface

of gri b 50.te HElBeT huh of Bemsr BetRecoi BiRBetosEit eHsiindgn Fhr i cal

surface of 3?}9&555@@@@1@;1@@&&@@%%15@ approxi mately match the shape of a

side of a findger of a hand of the operator. [129]. Housi n? 52 is adapted to
S

const rai H2bbver 48In KI§. fomenbenité prejspie eway Groshiketcylindrical surface of cam

34-3 along a generally radial line for a distance, Ly, of about 2 cm. Member 46-1 is an
clongated, plate-like structure with flat surfaces in the same plane as the top and bottom
surface of short cylinder of cam 34-3. A surface 76 of member 46-1 near free end 78
has a contour to approximately match the curvature of a portion of a human thumb (not
shown).

[127]. In the embodiment of FIG. 6, tensile member 24 (not illustrated) will exit the
lumen of shaft 12 and immediately pass through the lumen of tube 54 until it enters
annular groove of cam 34-3 and contacts the inner cylindrical surface of annular groove
of cam 34-3 at a point G. Tensile member 24 then will stay in contact with the inner
surface of annular groove, following the constant radius curvature for less than ninety
(90) degrees along arc GH, then following a radiused edge along arc HI into through-
hole 60 across the diameter of cam 34-3. Upon exiting through-hole 60 at point K,
tensile member 24 wraps around cylinder 66 and returns to the second opening of
through hole at point N to enter it in the opposite direction, pass through through-hole
and exit it through first opening. Accordingly, tensile member 24 is between almost

matching cylindrical surfaces of cylinder 66 and external surface 62 on two sides of

4.



(and housing 52) about pivotal axis 36. [130]. Housing 52, in FIG 6, is a
general ly-cylindrically shaped structure, and its cylindrical axis is
coaxi al wwOhlopimsdsal axis 36, but it has a cylindrical eaviusgomiostash it to
accomobdat e cam 34-3 of lever 48-1. That cavity opens to the exterior to
accommodat e nenber 46-1of |lever 48-1 to be disposed in the opening and to
rotate within the opening at | east the desired nunber of degrees about

pivotal axis 36 for successful .operation of tu . In Fl 6, that

bpeni g | s SHFRALELG T B ues Bio bt 4 BRA b GMARhaily PGy alr i cal 1 y
shaped strq&kg&@mﬁqgah@@%ggh@ggat portions of the cylindrical wall joining
the two circular ends. [131]. Housing 52 nay have other features as desired

for ot hell28Linct i 6y 30-1 megoupled fto hausingl 32]and imthele@bodimdnd ilistigied i R4S

anot her opening, to.accommdate introduci cyl i nder Nt pace 64 from
the ext er| ot ForbarbaRiEoEanY fdhey WlRIHER S Hlod fRin 2GR SePEfaget
dependi ng GRnt heusimt &Y avidy Seheided akRrichausilag fRipanidulr {@%5&311%@36.
strengthening rib projecting in a plane perpendicular to the otherw se

pl at e- 1 i ke AstiHugraindegmpSq-14agn elxpgarl, plagmilie waicar Ope sudacgiaf grin 58- sw
mllimeter %uszed ttcpfrogi)ﬁle iar&gﬁgoﬁlaﬂ)et\%(énsthg I)utgloéﬁihal@cﬁ Qurface of housing 52 and grip
50-1 to approximately match the shape of a side of a finger of a hand of the operator.

[129]. Housing 52 is adapted to constrain lever 48’ to rotate with respect to shaft 12
(and housing 52) about pivotal axis 36.

[130]. Housing 52, in FIG. 6, is a generally-cylindrically shaped structure, and its
cylindrical axis is coaxial with pivotal axis 36, but it has a cylindrical cavity within it to
accommodate cam 34-3 of lever 48-1. That cavity opens to the exterior to accommodate
member 46-10f lever 48-1 to be disposed in the opening and to rotate within the opening
at least the desired number of degrees about pivotal axis 36 for successful operation of
apparatus 26. In FIG. 6, that opening is defined by the edges of circular ends of
generally cylindrically shaped structure and the adjacent portions of the cylindrical wall

joining the two circular ends.

[131]. Housing 52 may have other features as desired for other functions it may
perform.
[132]. In FIG. 6, housing 52 has another opening, to accommodate introducing

cylinder 66 into space 64 from the exterior of housing 52.

[133]. While not illustrated in FIG. 6, depending on the material selected for housing
52 and grip 50-1, a strengthening rib projecting in a plane perpendicular to the other-
wise plate-like structure 50-1 may extend from free end 81 to within a few millimeters
of the cylindrical axis of housing 52.

[134]. Also not illustrated in FIG. 6, housing 52 may include a deflectable member
that is designed to mechanically interfere with the rotation of lever 48-1 until a
predetermined moment is applied that will deflect the deflectable member and allow
lever 48-1 to rotate a predetermined number of degrees. Such a deflectable member

may be a ratchet tooth to permit lever to rotate in only one direction, or it may defect in

5.



[134]. Also not illustrated in FIG 6, housing 52 may include a deflectable
menber that is designed to nechanically interfere wwth the rotation of

| ever 48-wounttile3zmepr edet er mi ned nonent is applied that parius2defmdhess t he
defl ectabl e nenber and allow |l ever 48-1 to rotate a predeterm ned nunber of
degrees. Such a defl ectable nenber may be a ratchet tooth to permt |ever
to rotate in only one direction, or it may defect in both rotational

di rections m 34- a to te a recess in the circular

Sur faces CoBR BEtiGRT TS uRobt SBpRilaeRRTSa R Bk e
accomodat g,dgll ecipp! ﬁlmmm’ewe@fé el @yEMED) TEGRRAL 68l adcBhaldugeence is
desired. Alternatively or additionally, cam 34 may be adapted to create a
proj ect i on ds{iédtitdé mamberexaent vdeiccakh yleplmne:taf mteefevant:hlsdieﬁlt@c tdisietivelyrber
only where de 1 usi ng rimed from re parts
that are asse té"&‘a% ?%[J%t%{‘? Blaﬂe]&%sadf‘%gd tgsge%tf f‘n%rglreﬁl?t]g Sgﬁi%le? '8 and/ or
| ever 48- 1 phdthhiblyShioderd 2vith[dbB6dtabld HichibBbordlP whtiedediredWhi ch il lustrates the
enbodi ment 26-5 of apparatus 26 of FIG 6, lever 48-1 has rotated with
respect kld5khaf t HepsingSguriay degreacd fTB@dtV\éhgll goghgaric et arergbsmiled BYr espect
to hOPS! ng g en IH% ng(gé/r ta@é ofetﬁ(geﬁtécam {1 ql:ve?gg]ﬁfl]to%bu %g’b had been in
a position o abou egrees nOWI Prate 051%76n of about O
degr ees. U@epsiIeTMﬁﬁm§n>EMBCm@ﬂudh@M@&mmsmaewmbmneﬁﬂnaskﬁmeMaadd6kﬁona

portions the_ inner surfgce of annul ar %roove of cam 34-3 a}ﬁc GR and ST),

and ext endd19cPolg¥eridtel gaprofisdueh rppeeitte shathhd thsoughna Piaphsdiang! ep?aﬁlt of
slot 70. Anp, t i Wr 4:4n

first point é;:g&ﬁ?%%?ﬁ‘@#‘r%ﬁ%e@e ﬁ%lﬁ]%ﬁgea%g%t oiﬁnatX%Z%é %}@?Pg?b%lg%h

menber 24 |wh1dnhachb¢envmtmpqmndmtoﬂ\b,bone@(m@agmesmgs ncbvaulhssmedah aqtdsmonplfl nts of

tensile ne bet we oi nt H l.so effectively secured to the
xt T acor porBatt Garger) T e o meh JpdrPesoni ioroty cabgoms RafHpE:

embodi ment ,okthak tﬂeeﬁﬂérftuﬁtcet&rtﬁht@r FIBHRESS dath ﬁbwtrc @I@aﬁcﬂ@ﬂ aleBliglds46-1 is
now dlsposed bet ween two parallel and mrror inmaged parts of grip 50-1. The
cont our ed garopnte h@twet:em@erts Rearnd Yeb gap deing met afrs lqith adn adﬂltlhn@

pnysi oal 1 AR BANRAPRBSSRECR ol b ReO o G TE oSt Wbt "0 2

i nt ended e&é@iﬁﬂ p@tm not 1h06f RBG mBhVat Al inadhcBRith ﬁ)@\fﬁ?N rédofmizidg that
illustrates a sixth enbodi ment 26-6 of apparatus 26 for pulling tensile

menber 24. spyeraliither aestiphisatile mewber Agbaween paipial Al \N eupseeliecveliaf t 12
to rotate i yat @Qg pl o0 shaft
12 to rot at% g&g doﬁ’t%gue\%é?&ffb"ziaﬁﬁn Lﬁ\a}%gtvgﬁeél gtﬁle% and%glc‘g?g plg(rj[ggl el
Tensi | e nerhdodidden8 tha IS@Mroédeﬁsﬂe Inesvebrer 4B8atibuatl/icht Mémbdrottgl TlfhﬁO\lvengt h
of tensile penber 24-3. As il| lljstrated | ever 48-2 is | ongi ﬁ?‘gdl nal |y

al i gned wi thsPPEHdiRAnnze Barpliel #d Gpirren ipaged party 0 iBndr e Thearieusd. 3 i s
not in coniaicad B Mg bR 19 iR RAdS wih D fordiBRlor!oidhbudi nal
axi s 18 beyond the point where tensil -3 is secured to 1t, such
that a for adjacdt tathplsiraghtasidel ctfgrtp el , grvuh@zlph}af;:ai 1hdlu&tqnatt)elcb opmrdhzhave a

| ever arm of, . Jfrompivot is 82. otat m34 is substantially
cylindri caﬁ?‘ﬁ‘?r éﬁéﬁ@ﬂreaﬁkﬁﬂ Hﬁ?@% te%‘ifﬁ%a‘i“@f PTeQ}V 35 drumor as a

pul I ey dgpepdi ng ren. 9tiNRfraehakae Shbstimest 746 ot hﬂ)ﬁh%attﬁsai@%rlﬁﬁllﬁigcﬁensﬁe Cam
34-4 is positioned within the circle about pivotal axis 82 "owed by

poi nt 29 ofmanewsiZie Imshibembpdin@niHeveh 48< ee@tataébf @lepleé\ﬁershaafslz tagothtgver
48-2 rotate bout Piyo I 13 FIL.G IIut es.the, sixth
erbodi ment Soptosataohs of bl B et Lo R C R S godlt
pi vot al ale$V08eZ aRi Joh@ihaglake30 4 82fart parakel F Tehsifer@@ntn A4 34is yedutdd tbensi | e
menber 24-3 contacts the cylindrical surface of cam 34-4 at point A, which

is at a di $0@A6E2 af poinkIRoHens theicaethplitenssgmembedid-3 FAsilluseated, gyst #es t he
si xth enbo I ted
apprOX|natg ﬂﬁg@(%éﬂgr gn§€§§% @%%é?%%ﬁﬁg(ggﬁﬁilﬁﬁga§%%ﬁ|ggﬁﬁgﬁgﬁ force
F at free emdeﬁmxﬁemSMMBthnben Z&ﬂﬁra&d<ﬁﬁmH§4kAgdmmHOMymmﬂﬁlmekaﬂlVe to
one another where they are in cont which in FIG 10 i

Poi nt B is PAYRRILPGPIBE Whare tepgilsmg 650 Brrcirogdo tagich dhi 3 o Sdiiedonst ant
radius, r, thus ri is equal to rf and all radii in between. Thus, an

addi ti onal | ength of tensile nenber 24-3 has been pulled from shaf t 12,
which length is equal tor (FF450/1802% Length, 11, fromthe plane where
tensile menber 24-3 exits the |unmen of“device 20 to the point where tensile
menber 24-3 contacts cam 34-4 is unchanged fromFIG 9, as is the |ength,
13, frompoint Ato point 29.



[140]. FIG 11 illustrates a seventh enbodi ment 26-7 of apparatus 26 for
pulling tensile nenber 24. Lever 48-3 is rotatably coupled to shaft 12 (not
shown) abwotopymaisal axis 82. Tensile nmenber 24-4 is seeoraseio/obaser 48-3.
The means of securing in the sixth enbodi ment includes three cylindrical
t hrough-hol es each with a cylindrical axis intersecting, and perpendi cul ar

to, longitudinal axis 18 of shaft 12, at least in the position iIIustrated
in FIG 11. Tensile 24-4 i s |tched from si.de of platelj
| Dvor g3 7% 55 Dk oot NEy Rt Man bE eyt S ERero R R AL and

then | oops ey cdm @43-4%51 %b@ﬂhtlall?‘r@hn(ﬁrnﬁl? 51%5%} ahl %e?&&%'nﬁa%zb@?é?&%d tgi sposed

in the through-hole nearest the ée end The si xt h“enbodi nent

i ncl udes twe acdmmg), oroasl § pulhey ddpending lonwithdr dherasietistics edt dhdtralskdth FiG.the
operation a r.at us. 26. m 34-5 in a fi iifion.wth respect to
chart 15" ancin SRS pHRUGRa T i chele ey E LB Bl R ol B3Rne o
that point 1&Ril@mchR524-8 WREIDR scéftod td RVEIONS2 8 1dveV £8-248ais aBot Phaig4d about
pi votal axis 82 and pivotal axis 82. Cam 34-5 has a plate-like, half
cyl i nder omx@i%3k shape, but with a groove centered on the surface of cam
34-5 bet t he Q

half-cylﬁgggr FE§1$1@&&%@§¥ﬁsﬁﬂPg§@§de {58?1%%1 %ﬁ@gégrggéﬂgg%?§%n wth
a constant hﬁ@.ﬁdzdnsrofa&fd abontt;accbtawxﬁmz endicl appliiibe of ZedF all free embi§digntidf t he
groove is nuch | arger than the radjus. of the constant dianeter tensile
menber 24- A151l¢ genidst &3 .Cﬁntmtﬁhef:fhn%mlzqurfapwﬁqa@ 344 2t poih BeVhishiTY a

mrror |nagggﬁ&kgﬁi?5ﬁgﬂtm§ﬁﬂ%§ﬂ;5 is integrally attached to cam 34-5, and

al so disposed in a osition with respect to shaft 12. In this
enbodi rre[it39] an oﬁﬁﬁat(bﬂlustfat@ppasmthmnlx&hmem 26peoapparatusd® dws ldvgr 48-2h t he

| eft hand he ri ght hand, due t he presence of 6 an cam 34-5. |f
over b 3 T b B siraa G A e aBRd R o SRR D@ IeHRnG cam
34-5 and capc8F £@IESnd B4 OTERNE Afcinbd b3 80 Shih S4ATRAPESt méedeideh oot her
does not. If lever 48-3 is rotated in a second direction, opposite to the

first di reemotbﬁr where theyhate lnaqmtzlomén@hqtnoFK?onlthtstalwgt MthéBmHoentrﬁnber 24 4

to the exclyusion of. the renai 3 ed i.n Fl

cams 34-5 4SrEE P HETR e f MG BH el it rehPOeitebe s o
50-2 for ongaf@ralinadie id bargeds Musthﬂa@amah@ﬂghwtdnb@e fnbtBEr 10@had Sechnt ended
to apply the force to rotate |ever 48-3 about ﬁIVOta| axis 82. Lever 48-3

i s rotat ablPplleblipraschedy 12, owhj%lsl@ngé it eruBligh (TS 118D ngergthdedronnthsmdang 2.
H nge 90 C%@r@?e [ilﬁe]e&e%;ﬂse@% 3 %E i 1Jn9enF§% e\%%e Qfg‘i.’o %e”g&n%h&%%ﬁsﬁl%s leg

96 to base rated 1n ase 88 1s connected to a
t ube 98 whinddmbra4thceads cm Bhd isnmelianged fiwireFIG. Thes tihtheddsgtiof 15t fudie 98 may
renmovably secure base 88 and apparatus 26 to shaft 12, or sone other
conponent @P%@éﬂ?PQHEB?ed to shaft 12. The lunen of tube 98 is in linited

fluid COHWJP' cat ipg), WM GiluiHeE a &Qeﬁﬁt&@&)’anﬁm&ﬂ o? aﬁﬁtﬁlatﬁés 2630 ghﬁfﬁ ile

menber 24-4 passes through bot the |l unen of tube an I nterveni ng gasket
(not shown)tersde Irmemm‘tter f24ui Devceding fotapahly freupledrin slm‘ft i 2ilfeotOdoanyl abaite 100

bef ore ext endi he. open hol e 0, and ssing in the space

ot wean' | cone ity e SR ORERbI S St I ef A 4e0h e Thd et} IS BET veen
one side Oﬁnﬂkﬁ&ﬁhEh%@mh@ﬂﬁhdﬂ&xamégé ﬁuﬂ@ﬂﬁﬁ%h@@%&@@gM%ﬁMﬂﬁM&ﬁﬁﬁﬁcﬁ'0“9
the thickness of |ever 48-3 between t%e j oi ned ends of g and | eg 96 of

| ever 48- 3 axiy inlgescettign ambnglpqrwlzculaﬂrt@,nhongimdnpbms 18tcér$b1tflt é2nartbrst ipiheq
begi ns the

r t.hr ough- hql vi pusl d three
par agr aphs Pangos RS 55 G SERURRRT 23S sl BB e BRI & 11,
| ever 48- 3 ikolaitess-ab@tHe d@heq‘@hcaba@qnaf&&tm@httﬁm&md@hnﬁmg@ﬁd Hendogent act s
cam 34-5 (or cam 86, depending on the direction of the rotatjion). Once in

contact wi taFouBgfegsng, 84t]eW§h Itee prsh@fethe sensile glem@esdigppsethén thgrthrgugh-Belecam
34-5 in whigh lthd fod fgcont act.

[141]. The sixth embodiment includes two cams, only one of which will be selected

and used in the operation of apparatus 26. Cam 34-5 is in a fixed position with respect
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[146]. FIG 12 illustrates a ei ghth enbodi nent 26-8 of apparatus 26 for
pulling tensile nenber. The eighth enbodinent is simlar to the seventh
enbodi mrerwQ 2itfte33she fol |l owi ng di fferences. Lever 48-4 Rras/useghiv4addli tional
t hrough-hol es fromone side of the plate-like structure to the other, six
of which are cylindrical, but smaller in diameter than the three present in
| ever 48-4 of the sixth enbodinent, and two of which are el ongated. The six

smal l er cylindrigcal holes are di sposed tricall bout 't he .| gngi t udi nal
axi's of | everiasiandindigesghbenetihaae delivHEPy s boud of Rapte bR iR Wt her
Each of theedsd nhReal-adolbOHIRVEIES id RtdtQE MR pVBEl hyis I8P ad BaRact i ve
| eg of lever 48-4, and partially extends into mai n body 102 of |ever 48-4.

Base 88 i s axisi ¥¥hefamnti-hdws tanplagrlikss hals@yBndendr 1Dk, shapd, dhut ewthemgroave

opposite directions from base. LRS, 50- ng 104 .are eagh contoured to
oo oh t e iR ST LRGeS BRen fref e, Bt of chudgr SHasSs o
grip 104 and tepphly-cslirddt ot 2bmgidor TRS gebdve NAs ttheardp@kd ek esctioh Wie ge to

| ever 48-4 by the thunb or other part of the sanme hand. Base includes two
proj ect i onsoRstaradies for eqréadt péthdensile member vdr dhe eadiys of ghugroaecih nichwhi ch
that narro Lot e [ b 4 b i 90 or
02 Lover 402 il o'y B8C SRR NG RUASE SRGHLAMRR s Wl B PEE 00
l'iving hindgé. 90 or 92. Cam 34-6 and cam 86-1 have a different shape than
their shape in the _seventh enbodinment, resulting in a different function of
| engt h of#€knsi | & F¥rbEh 104 echMakT Mage sy g Vot SaR iRt
change i n afglrq of o batsl ok Bllo LitN&kd 17 fixe PREAIRE AR BRI & andl 0aM 8- 1
are still mrror 1nmages of one another 1n this enbodi nent, only cam 34-6

wi || be desls ieimbddinCanmBdpGatonofFdpBarali® Z0asayeorstatait ghtasslgotithothe lefielgament  AB,

di sposed at an ang]e to the | ongitudi nal_axis of, hol 100 .about, .20
Goorooed otrs Db AP hear Sueb e Paginbel iy 86 BhdaP S LA Roa® 8 i DR iy
radi us, rc,ondtfeddon a¥hlitphvotad akif e dim e bim 39i536:8Rhm!g8 B2 aRNEbrtdc fi@ht

section, segnment CD. The curved section, arc BC, is further away fromthe
openi ng of tmsile madber R4ed did dlat pthar dagsahotel 1 bvethdS-B ongitatedi mad sesand of

hol e 100. The .radi us, ..r of.arc BC | smal l er than the radius,,of cam 34-6
from the scUSHId: QR oLre . irdldirestion; h der fy epl ity ponticWilengTe ) Udoe
four rat chefenitRebi4106he ckBBsiod dPthe adithidihg c4Mot easily visible on cam 34-6,
but a mrror image ratchet tooth 114 is visible on cam86-1). Ratchet teeth

106 and (g8l ar e isriHuiraiadeigddCofl 1 egiens -AendiSo qraboth mpwited & plbasedl.on t he

bi secting e: r QOvVe, of - r and
112. Ratchg%lﬁl eg@%péggﬁgﬁgghﬁ?gf?ﬁ efﬁg?gﬁ&?@ﬁgfgygg%ﬁga%ngﬁg Jé$$8 their
wedge- | i ke tltesd gtendgl @dipplyl titc fonar eastatetlbad 4B+3t hofiepiestaleaxass8l. eveer 4834 1 s
forced to rotate past the Ln this e odinFnI, cam 34-5 w |l not defl ect
to permit rerAdpipRls %a%l%%im B bass&y thmﬁ o reigg, hanees Y0ptpd Phe HiRES “Borti on
of each of 1 kve el ongat ed
Chr ough- o0 st iTe Tha Ty ep hab S Pk PP R S PEE *aC Chat

poi nt thB4¢hi n pdstillevtrawidlih Fi@t Ui, haseodd issconmupekiap medbpds ivhichrhaaghreads:

ot chet 1 odBHT R qin” FES e WS P n e SRt drb s
i1 ustrat edppdr@nene48-shahas, He@md Qr&edniRabnt BaReloupRD shdift 1andhb16 of
cam 86-1, and is agproaching interference with ratchet teeth 118 and 120
(shown in Rymen oBube WRiie i Amdedilpidoonimmesionivithaadh é00 beteeen ¢oes ¥hd 108,
oo ¢ PR R e b S B P BB Bl RS,
menber def ligeitvalihg ghikeBinbhwdowe) todihit Anidadakindt fédrh ¢E)luingn bhidbe 88 agP@sIdt Or has

a visible indicator that tensile nmenber 24-4 has been pulled, at |east part
way. 1t may0Bécioespending fFum thewpaaiag phbolgd(d erd passinginche sissabeirigsn 26 i s

coupl ed i T g3uGh le%ﬁdét é}ﬂ&e‘ﬁ@%-ﬁﬁﬁ%ﬁ%@fgﬁgﬁ%ﬁ%ﬁbggx?@e% dn@%@@%gtméﬁﬂl&%{ver

di f ference betwe e sevent inent o aratus 1Is that
in the ei g8 endbodamrewtrectangildd satfaf aloie theythickokss odllevich iedgbetivadneticar e

used in the means ta secure tensil e nmenber 24-4 tq | ever 48-4, and. the
stitching paft ?wswgéegc%‘ﬁﬁ@elag Ffﬁ%ver %—%w% Wpip y&ﬁésFaO%&}af PRty ew of
the eighth enbodi nent 26-8 of apparatus 26 froma different view point and
after lever 48-4 has been rotated through its intended angle, past ratchet
teeth 118 and 120. [148]. FIG 14 illystrates a ninth enbodi nent 26-9 of
apparatus 26 for pulling tensile nmenbér. The ninth enbodinent is simlar to
the eighth enbodinent wwth the followi ng differences. Lever 48-5 has an
addi ti onal through-hole along a bisecting plane of |ever 48-5 with an
opening on either side of main body 102 of |ever 48-5 and intersecting and
per pendi cul ar to each of the three | arger dianeter cylindrical

o o ~ —— Y o .-



[152]. FIG 18 illustrates a twelfth enbodi nent 26-12 of an apparatus 26
for pulling a tensile nenber. The twelfth enbodi nent 26-12 is simlar to

t he ei ghtwoentodsisent 26-8, illustrated in FIGS. 12 andPC3/UShanevyEBi
enbodi nent 26-12 only has one cam 34- 8, which does not have any ratchet
teeth projecting fromit. H nge 92-2 is not a living hinge, but a two part
hi nge that snaps together for easy assenbly. Hi nge 92-2 includes housing
200 whi ch encgnpasses uf fi.ci ent rtion of the circunference of shaft
202 1o hol 4R G L3 brines i pABOBIHEE Weeliaco FLEETHNG HBYCHHY 200
and def| ectggbR@RPREAGpH F8Jveunti | it passes through the opening and the
free end of housing 202 snaps back around shaft 202. Shaft 202 is

i nt egr al Ily5hol ded®uning tthd epesation87he pmbedinggt of & Itlwlsveredfs3 96iaRs ahelit94- 2,

but they do.not havg through- hol ofs in themlike the ninth enbodi nent.
Cover a5 7 iR aaBeyrpd BEl APal ek Sufter R0t Great of! BirnGlang 1o
secur e tenshd @ErddBHDEN thefotdtdnh. eWde it Borftact ith JABERSS téhsHE Gidhel DEH WERS ar m

204 and arm 206 on the mlj}ght.and. | eft of front projection 210 and back
proj ect i on 2% sudpeme! canPbaEkwiebjtérinicopidct210 and 208 cooperate to receive

a short i nder 247 th i i [ f e sl | e
member 28 3Chot shiding? UgHRS b bodinet 5 B pRARE 28 o UL LARS
descri bed whdnlibef.egalicd efightht abddifitit Briimilmenthe3Gevbnthl ¢rmisddimted with fiEGS. 6
and 7. Replacing cam86-1 is |ever sto Inting 214, which projects in a
normal dir delfaone SUETCCPo - 158 48 s cift adidonst %59%%1-@5@8_ reR e stdgpt
mounting 23g, }tﬁlﬁf%?-{ﬂ@%ﬁu&ﬂr% t8 hdr, G061 WaYErarS LARIALE, butkinG TR aRa&al Ty

interferes w egs 94-2 and 96-2 If lever 48-7 starts to rotate away from
cam 34- 8 f riom thhehieniprésant jpolsidri 434 of thevieth dfbodiment] hddista at edhich] 483] .

FIG 19A illustrat a .cross-sectipnal. view alon ine 19A-19A of FIG 18.
hs 11| ust r ST oy B 55 et cHETER, Pilbugh: Hopges syaiedigy abou e

l'ongi t udi nabnge@mhhRkisPfilS ek BE-QUERCWAI oAb side BE ihk xRRAY Blrec?sh hB 6fhes NaR) Wwoul d
be threaded before wapping clockw se or counterclock w se partially around
t he cyl i ndroif ¢hel tweeelpngatadr thsfughholes iclpratedierostyl i amspective degeel lager 48-4,

00U L S IEL T ARG PR P, TSR Bb e Sdc0. ond

conmmuni cat iggips, ot Narddroaughich ek@nd BleppbsittsditcetisBImasi bad. GHpk 5813aMd)108UNS
from al ongside shaft 12 or through_a |lunen in device 10 through a gasket
(not shownardechearoywrd tq mateh thegquolye ohtednterivd gt ¢meeihcantaceg»30-3whi ch
keeps bl ood .fr. i,gnif i ' I ile )

operat fon. o5 RIS afif o SAbAYnl PEL Rurlo A0l SRR LONTBRDRE 1 4By 1
arnms 204 ani RGmbandtheapdtt pifth¢ eahd lumd2 BAsaninthwdes tshiogirdjectjume tfienadht plage-t hunb,

and rotate | ever 48-7 about hinge 92 (abouyt pivotal axis 82) to pull
tensile ner#lﬂfsﬁt%uraé%agg Teasid - oaclh b iglharaharreay el Aiboessershe isivsede 10.

[154]. FI GedtRB dak! H3h{ RES ORBPONET ok A8 R GLrhiPRRtmIde N 10k pFdiGtiod8nal ONY
i ne 19B-19B. Through hol 8s 220 and 222 are visible, as are féatures of
| ever st op timoothér sidp Fldving mhggP@bt 92.f Camedd-nintdhcapa8e 1 38ve T ddterent eidpace

bet ween shaft 202 .and. housi ng.20Q to form hinge 922 t labeled.in this
Froure) o TngBel pREE n G serenrrasos et B oot Hgpid oo BE reinal
enbodi ment dRid nkfbeepdicdi fgn %ﬁh@%mﬂ@fr&ﬁ%ﬁ%ﬁw&hﬁge@n REY1S boRdtboni MPI ant
20 to shaft 12. As illustrated tensile nenber 24 is attached to rel ease
mechani sm 2flevend3-f e Batavshepnradivamil samB9- lare shll nispaiawgeneicnanngtherlio- 1 i s
slidably dispased,about shaft .and may, b oaxi,al | ed on.shaft 12.
Ret ai ni g (ES R LRRE S i 1 BB AERRE e O a2 gl e
bot h di st alskytioansbgheai AB| Yispdsedur £ S@seonRe apinsding Axit cindicelngagabapex 140
of inplant 20 and act to nechanically interfere with the proximl or

out war d r adlalegiopy arhidt is snmegiatelordiarsviro Par st spesIH tconstant sy, BpHsr at us
26 is oper redi. . [ | enstk e ' ulhed

pr oxi mal | y%aceriigw%l\l/gss ﬂ?gleglgise lép %@%ﬁgﬁ?og%asfgon g&%'tléhl? Sﬁgﬂi geﬁ)}m} o%r%gerﬂh%

rest r ai ned chived aection, atchRC, isofuctherdivesnfragethe fopermg af polenlainda dayctexpand on

its owmn or b n expandabl e nmenber . eater detail _on retaini mechani sm
and associ apHCkp it N RARES H%Pl%i%q' gﬂw@&r}s’rﬁq, ef argdStops sprader thit thepyp,
No. 2009/0270967 and par agraphs [0091]-[0092] therein, which are explicitly
i ncorporated herein for whatever use may be permitted. [156]. FIG 21
illustrates another sinplified enbodiggnt 19-2 of a retaining mechanism 19
for securing a portion of inplant 20 t0 shaft 12. Retaining nechani sm 19-2
includes multiple wires to restrain the desired portion of the inplant 20,
only one of which is illustrated. In this enbodinment, two collars 144 are
positioned coaxially around the inner nenber or shaft 12 on either side of
the portion of inplant 20 desired to be retained at the reduced dinension,
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[159]. FIG 24 illustrates the enbodinent 19-3 of FIG 23 after a nedical
pr of essi onal has begun to operate apparatus 26 to pull tensile nenber 24 to
nove wi rewbabhderw3il44 toward the extracorporeal end of deciras2ai@/ofwssl shaft
12-1). Distal ends of engagenent wires 146 may be seen renoved from hol es
152 of receiver 150, but still engaging eyelets 158 and retaining them at
the predeterm ned radial posi tion. Wre gui de assi sts in maintaining

engagenent res orm dj.al | J rd under di al
£ oF oo It S a-p it R HER RS RTa o BB e B0 whi ch
are connectigdyde fiRgatt RS l@&‘eﬁ{ 1062 1691 004ndl HQ'(ﬁ&tea&Qy VBBlehs c%ﬁﬁh bIourthG  24.

These will engage with the vessel wall upon contact with it.
2011/ 163386HAD US2OTAICH1 14@B 114 0YisibRl @ cap58641). uBaichtidecth heo emd)&ﬁ grent of

FIG 23 after a.nedic r of essi onal has ra ar a to pull
Lensi Lo meabEpt s RorBr i he Mol uRBEhR 1o SRERE PG ol s sl
di stance, loRcarh 340D R @6 kratich ltastt P A6 101 Rlatehittadte thebntdaBy idéYore did
wi t hdrawi ng en agenent tensile nenbers 24 fromeyelets 158, permtting

i mpl ant 20 levsT A& ansdente bair ivredzelike dpsigy sadvalia strsye thit anteriaienss| 4
menber. Ful ed I

o amot o & é%ve?%$QQ$f09&dt éétgﬁéstt 'Erf&n élg s b Wﬁﬁdlﬁé S@zﬂ{r‘ﬁ{tj gﬁlgﬁlgﬁaéﬂé& to

st ent - gr af tpefmit reﬁzhﬁli@ mmn@h ofityvet 43-aaedicdns B3, blﬁpba thin poidon bitcashaf kegOhat
delivers it t t he dj sed or_desired. vascul ar | ocat.i ?n. [161&. FIG 26
i |1 ustrat egng e Ynptl 1 deileghiopandbn respectiye ongate@ {hupughrploatHhs loerileps
wherein th

it er woven T Ch Prar e Lo M A8Cetnt PR PoSBTRAN rkin SR BRUmed 1
wire 162 erpomtrplass dhustrined o tlnsu ﬁgme,eumd lofer 4R et rqtrq;tésatmtpl@@ iatagaihg ratehdtvery

di aneter, and pr ted andln fric om.t he terweavm
e ol badtin aRe BRE VAL eeg: o 3 BERE NG Rl GY ARl Ak AR T oS
at a poi nt RbPReBcddt thﬁt@ﬂéthe&l?liéhﬁid mr&c&&%mman@@s d@f?d&@lﬁﬁ%ﬁm&f&éﬂc’fehe body

along with shaft 12-2 after delivery of inplant
i |1 ustrat esvithetpichet tegth 118 pud pRo(shdes igFéat BY), wbtchuare mirrcanmeg@dtﬁrmmt 30-1

D). "Randr o AT 3. 95, (hE EHRT R RAFS! BaFert A% SR LEBYS C o ed 1o

a rotati ng bRefiigopladd &f 1&&@%8%6%eplﬁélhs16@ of@dich@ wanshdebegast atitonary
with respect to handle system 30-1 and to the |arger delivery catheter

syst em 10- 1esmboiicBpctaiin i @Hhefs@léqﬁlgeoi rptgtiep) pigrthat am apqr@iﬁhlhgs potitiblen 164

i's novabl e, e [ andl e
ystem 30 AncAde P RoEH JRRGERSLCRR A% Rk, S TRMRH R, OB HREHEETC G
distally f@lemaﬂateencﬁttatusenﬂ&r Yevier ol \Q]ﬁlcliﬁﬂpaﬁtds [26 bedqﬂedsifrsacmpnlahg efasf or

delivery cath ter 10-1 I nner nenber of shaft of d%l very cat heter 10-1

ext ends di SEEfFals it Hhatmendgdt entaso dﬁ@{fawa ¢ thej fyvath apdcpight
i|lustrat e%nﬁ)%hﬁﬂeﬁf )ﬂf E%Jaﬁ@ﬁsels A4 i tﬁ@‘& tﬁQﬂ{ﬂoﬁfm&l}ﬂaé"sdbtset"@%éicﬁﬁldhealm)St
applications, solel r ease of il ration. Del’ivery catheter 10-1 can
be, and in tlnmsgh hcviss anossl i $he woms tcdﬁnmbltgnsil@n@mlber J4 48] levdEl4&:4, 28d the

illustrat e%m%h%g%%%té)rﬁ%as éilangedOf handl e system 30-1, and nore

[147]. FIG. 13 illustrates a partial view of the eighth embodiment 26-8 of apparatus 26
from a different view point and after lever 48-4 has been rotated through its intended
angle, past ratchet teeth 118 and 120.

[148]. FIG. 14 illustrates a ninth embodiment 26-9 of apparatus 26 for pulling tensile
member. The ninth embodiment is similar to the eighth embodiment with the following
differences. Lever 48-5 has an additional through-hole along a bisecting plane of lever
48-5 with an opening on either side of main body 102 of lever 48-5 and intersecting and

perpendicular to each of the three larger diameter cylindrical through-holes in lever 48-
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particularly stationary portion 164. Shown in cutaway view, the outer
sheath 28 and inner shaft 12 of delivery catheter 10-1 extend distal of
strain rewpebh11188386Rot at i ng portion 166 can extend di st aCTiust@ 194883 onary
portion 164, in this case alnost to strain relief 168. As will be
described, infra, the length of rotating portion 166 |imts the axial

travel of sheath nmount 170, and consequently, the anmount by which outer
sheat h 28 be aX|a r tra ted. Rotatin ortion 166 h n .i.nternal
A R s 5t g A e R s e
exterior Ofthr%{i?@lh&led"i’suﬂﬂﬁeaégcpthrdu@hfﬂm §dcﬁt"‘$iﬁﬁth?&%%+ho®ﬁﬁ’d &cHRH% 1VéXd-s thus
rotatably coupled to rotation portion 166, slidably coupled to delivery

cat het er 106-hy, thanrttﬂltlcpm@diny ot owpd @ldhe tnet drmfisg dislc 28 glidppsefdiir e despediveut er
sheat h 28. CUt§m~ﬁg g IS S 1g§ght° sheat h mount 170 between a central
mount i ng niPpPe”’t ?efqeﬁ,{pg?%ﬁy U oaxial Iy mounted tube 176. Sheath
mount 1704pj.des at@ngs 1t1agtta$es3a7t&uaeﬂ1ba§ﬁ1enﬁmlmasappaﬂatuslzea‘éﬂ pdisng ©fisilchat
purpose. It will be apparent with at |east the foregoing escrl tion that,
in general MRbes, Inh%hﬁigllé ipsilemeBdhen 24 ds ssarcdt @it exigegpoipalane ¥ht 20
(not shown Gynd) roha t g
portion 166%3{) unt H#%]e%llb?)%& {J? ha aﬁ%lja(tatélg & flz%eIIlgg\élerﬁtzé grta{ae? V%H% whi | e
hol di ng sta@&maaymra@nﬁmon%aﬁﬁumMXﬁﬂMMEhaanMabemﬁtHIanmennapmkhnead 172
drives external thread 174 of sheath nmpunt 170 in rOXI dlrectlon of
handl e systaé%‘t@é)mt%@é‘érga|WP§/racbﬁﬂ°é<tP0§ttPé‘a]t4tSt2@e wﬁwg IS @i f@d ¢ ¥CEg8at h
mount 170, ut
otati on, (o eERelE rEhRNISTR b (R Bk bR A P AR IR

and al | owi rtigpta, tortrﬂeexiﬁmptdl @nsilet member 23, pbmomleiﬂ oy etchebnptatddniar therdaesion| 164] :
To enhance of a nedi cg| of essi on o hol d.st n portion
T T roq ltafd byt Snarton B4 RhhSphrsnar beaStidedaeds T iehose
applied to tl'ié)&@efch&gll]ﬂ@th&éd)@ tﬂ@ﬁght%tatckqaar FinRA DUyl fad §1epére1ta;caet y
provided with circunferential ribs 182 as |IIustrated in FIG . [i65] To
enhance t het ‘atbln Itqt lgovute agy m@dha;mal pch@ﬁegetodhebpqr@ogrlif pleﬁ]@ﬂﬂalal Wgalpt@get ison 166
and rotate H 12 angﬁetatlona Y &P { on 164 rotatlng
portion 1eéief1%e p?é’f"%? {f‘[ BTPBW%% TVt AT SRy B GHEALT GrUEyLen gl be

i l'ustr at edixiedlyfbple@® pihib@624, il Gnadfer isinhilss td ateeadaoh@nﬁiemyét n@ko mecti on
of handle system 30-1, and nore particularly, roxi mal end thereof. As

i |1 ustrat e@¢mbediment n@uq&r@m B F1@6 4 orivicraativg bﬂm urgso £ | REPVigE tracchanical

| ongi tudi n X r oxi mal
end ot 1ot oy ieS AR iodihbil JraRBaiiG' ek ng the MR W BIGT R

Longi t udi nahcliideid worhy Bear ﬁﬂ@e extteentl 2t io nowra ibtatidg %ﬁn gbﬁnwhm:hdzvhbﬂ%maal s to a
tube 186, which runs t of handl tem30-1 to prevent ui ds
(either su;s?)tﬂteé&letmmpngﬂ él C@ﬁ%%?t“é? n\%ﬁ@? P%%’grefq%ﬁ‘otﬁ@%nw 6‘68 nectors
or bl ood org gigLy bodily fluids coming fromthe body) fromentering the

i nner space hand e system 30-1 and interfering wth the intended

i nteractfléf].of , &1Qg. 16 illusteateradn levandaembdrhmens?61 72 obappasaselntr phiingca

t hreads 17 ube 186 ef| S an a Iar itself and the outer
Sur face of TGRSR« Lt AR TeRPE I neatt b s G o Bl 15
al so seal s t@e&hsfshail 32 aﬁﬂu?ib@thl :béis”E@ 138siRemBbS B Q%ﬁi@abw ERuAdldot O pass
t hrough the manifold 18 into i nner nmenber of shaft 12. tionally, one
or nore | udever dniert poins29 alenpés tangthi taneddrdtis erylfdef that nt rotatakgeupleint o
mani fold 1 d R at he |on rin t hrough
t ubi ng 196§O Apagtalrégﬁ rgta%(i%tﬁ reSpeCtt gonSha% l%ta?léu{e%% am %t |%1Sean Cg%lg ei n,
may be coumFrte@Hrtcet i Ue6 oE@ﬁtﬁ@thﬁrel&émaﬂ\mfﬁé'lcj%lﬁfdﬂibﬁlssuﬁe&sbﬂ &niemdyels 24 to
exit manifold 185 along a Iongltudlnal axis 18 of connector 194 and tubing
198. As i | Itangentpl yand)ip spntad Nbidensi ewmtte@tﬁpalmﬁ(ed pOSI tion with a

pr oxi mal th%?j‘t r ac‘%t@O ﬁﬁtust?e[tgs? thete@g th b aE AN GR &1 Lé!sﬁt?éen rdifefl N9 now
to FIG an exenp coup et ween appar a e e a thirteenth
enbodinentaB&ﬂIm(hgnﬂSMMwuﬂwsmhbqe&ﬁ BﬁndEMMdawﬂGﬂﬁmﬁheQehma%ﬂbw@ﬂﬂ&85

Appar atus 26-13.is n|foId 1 h. a,.nynber of_ se
connect|0n§ahB§§@m8% g“? HQEEﬁVﬁﬁg? g%ﬁﬁ@@@ﬁ@?“ﬂ@‘ﬁ*%‘ééﬁnector
230 through mating threads. The dlstal end of the Y connector is joined
(connected) to a rigid tube 198-1, which is non-renovably and sealingly
secured (connected) to manifold 185 oEldevice 10-2. [168]. Turning now to
FIG 32A, it may be desirable to offer a sem -rigid coupling between
apparatus 26, e.g., any of its enbodinments, including 26-14 as illustrated,
and the distal end 16 of a device 10, here, device 10-3. The sem rigid
coupling between apparatus 26-14 and manifold 185 of device 10-3 includes
r|g|d tube 54 1 wth nale threads reanany secur ed (and connected) to

e NN oA Y . A NN N



| ongi tudi nal axis 18 of device 10-3. Such a position approaching 90 degrees
bendi ng of sem -rigid tubing 198-2 is illustrates in FIG 32B. Preferably

t he bendiw@ 20f1/®8386-ri gi d tubi ng 198-2 during use of devCrtaSi@ifeygBs gi bly
pulls tensile nenber 24 (not shown) toward distal end 16 of device 10-3 or
such non-negligible length is provided for in the novenent of tensile
menber 24 required to actuate a release nechanismin device 10-3. [170].

Aspects of the present vent.i have be scri erejn wth reference
o Cer tan n W BHBE SRS D EET At o oM B R TR CL PO HeSH U RBE A HEA A
offered as .gmrel.y tbld Ukl o ar®®BC.| IMikdrd G sﬁﬁci%ﬂﬁfr&‘ﬁ@ﬂ%eﬁ»&eehn@ns‘%esent
invention. Certain alterations or nodifications possible include the

subst i t ut i orenatfer 24| andtthel cflaairgalesirfaconf care 3dah démibate is moarebitibe motiche

conmbi nati on of selected featyres, fro t han one. enbodj nent , t he
oo ot | orbeffteed SpRfb FRUSE PALER FhR TN ek B SR nS R GRl SR Zr 5 ons
or nodi fi cabtaReSvithale zilﬁal@déﬁr%ﬁﬁfﬂteﬂsﬂe hamer 3Kirbh&paft .t he art in light of

i nstant disclosure without departing fromthe spirit or sc(ge of the

present [1Agknt i oFIGwh HustiatesgeficHbigenahodangnt @118 of an apragates oofor pallingr| owi ng
appended cl éH em%lefA‘I 2‘51 ltﬁv ﬁpl gﬁég{&ﬁr%ﬁdzcﬁ’ ?%S {%“411%[1%}1 t%hé‘@@%eé@o%r rﬂe‘“ Cg

conpri si ng: ongat
| ongi t udi nak- &niLstratad ireF 16xss Q2ﬁﬁ@ﬂlamo$ﬁveraeﬂlbwdﬂheﬂit®6a12a@ﬂy heoael cath 10 t he
el ongated shaft; tensil e nmenber coupled to the rel ease nechanismat a

first pointS ahegloet 8o hengany gHeheess RO R e Vidineas2a 1§ Bebh VI8 nt
o000, IR sl e e et e
| engt h of thhesmg?.ﬁﬂ whiclremdoerpakses mﬂﬁﬁcﬂehtqw&mmf tho¢irmunderdndehd skacdi?dopoi nt
the cam COLfl%lde 1d[ 1}10pletlc%eaft%lr %H«%? 589 h?lgl %feén’ forced into housing 200 and deflected the

opening wider until it passes through the opening and the free end of housing 202 snaps

back around shaft 202. Shaft 202 is integrally molded with lever 48-7. Lever 48-7 has

two legs 96-2 and 94-2, but they do not have through-hole slots in them like the ninth

embodiment. Lever 48-7 includes different features which contribute to the means to

secure tensile member 24 to lever 48-7. The means to secure includes arm 204 and arm

206 on the right and left of front projection 210 and back projection 208. Front and back

projections 210 and 208 cooperate to receive a short cylinder 212, around the partial

circumference of which tensile member 24 (not shown) may be wrapped, similar to the

means to secure described with regard to the fifth embodiment 36-5 illustrated in FIGS.

6 and 7. Replacing cam 86-1 is lever stop mounting 214, which projects in a normal

direction away from the “top” surface of base 88. Lever stop mounting 214 provides the

support for lever stop 216, which mechanically interferes with legs 94-2 and 96-2 if

lever 48-7 starts to rotate away from cam 34-8 from the initial position of lever 48-7 as

illustrated.

[153]. FIG. 19A illustrates a cross-sectional view along line 19A-19A of FIG. 18. As
illustrated, lever 48-7 defines a through-hole 220 along its longitudinal central axis
through which tensile member 24 (not shown) would be threaded before wrapping
clockwise or counterclock wise partially around the cylindrical perimeter of short

cylinder 212 and re-entering through-hole 220 the way it exited. Lever stop mounting
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wherein the |l ever, cam and tensile nenber are adapted to cooperate such
that rotation of the |lever through a prescribed angle with respect to the
el ongat edwehafir16sdskl nove the rel ease nmechani smtoward Phe/yscaxiomss end of
t he el ongated shaft. 2. The device of claim1, further conprising: a
grip coupled to and in a fixed position wth respect to a portion of the

el ongated shaft, the grip adapted to receive forces fromone or nore digits
of a hand.

., The vi ce of aiml or 2,  wherei he camis rotatably
Coupl ed 't o et Ggarah totaft ey rtopGERED 64 sk i Ao HRETE A2 a0 e 1 ace
of the camcoMmni@thB&t Wiht Mréuch @R Noef TeRAR! hEmBERL (ndiado@nf SRRt Réth
di stance with respect to a pivotal axis about which the camis rotatable.

5. The deviakmgeifle shafl m22or thhaigkinlurhen Tadeviee 10tthoagh y gokgl @dt siowie gri p.
S e Sevige, o LAl s N ISP 5 AP O
housi ng r erpyathytcRuEhE 8loh® tehsily @B 248 Nd opbratifie aehQGdpRAssibafltwill8. The
device of any one of claim1l through 6, wherein the |l ever and the camare
i nt egral | y applyrfel@rce to one or more of the arms 204 and 206 and back projection 208 with a
digit, preferably a thumb, and rotate lever 48-7 about hinge 92 (about pivotal axis 82) to
pull tensile member 24 across cam 34-8 and toward the distal end of device 10.
[154]. FIG. 19B illustrates another cross-sectional view of FIG. 18 along line 19B-
19B. Through holes 220 and 222 are visible, as are features of lever stop mounting 214,
integrally formed with base 88. The interface between shaft 202 and housing 200 to
form hinge 92-2 (not labeled in this figure) is also illustrated.
[155]. FIG. 20 illustrates a simplified embodiment 19-1 of retaining mechanism 19 for
securing a portion of implant 20 to shaft 12. As illustrated tensile member 24 is attached
to release mechanism 22-1 of retaining mechanism 19-1, and release mechanism 19-1 is
slidably disposed about shaft 12, and may be coaxially mounted on shaft 12. Retaining
mechanism 19-1 includes prongs or projections 142 that extend both distally and
radially from release mechanism 22-1 and engage apex 140 of implant 20 and act to
mechanically interfere with the proximal or outward radial movement of apex or hoop
140 of implant 20. When apparatus 26 is operated by a medical professional, tensile
member 24 is pulled proximally and moves release mechanism 19-1 until 140 is no
longer restrained by, or in other words disengages from, a prong and may expand on its
own or by an expandable member. Greater detail on a retaining mechanism and
associated stent interface may be found in FIG. 16 of U.S. Pat. Pub. No. 2009/0270967
and paragraphs [0091]-[0092] therein, which are explicitly incorporated herein for
whatever use may be permitted.
[156]. FIG. 21 illustrates another simplified embodiment 19-2 of a retaining
mechanism 19 for securing a portion of implant 20 to shaft 12. Retaining mechanism
19-2 includes multiple wires to restrain the desired portion of the implant 20, only one of
which is illustrated. In this embodiment, two collars 144 are positioned coaxially

around the inner member or shaft 12 on either side of the portion of implant 20 desired
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WO 2011/ 163386PCT/ US2011/ 041483 9. The device of any one of claim1 through
7, wherein a surface of the camin contact with the tensile nenber is
grooved. WO.20fihw33evi ce of claim 1, wherein the |ever i ®Cratsatiabkasabout a
pivotal axis with respect to the |ongitudinal axis of the elongated shaft,
whi ch pivotal axis is in a fixed position with respect to the | ongitudinal
axis. 11. The device of claim 10, wherein the |ever provides a |l ever arm of

at least 2 c ntlnet in length fromthe pivotal x he_devi ce of
) af m 30, ey AT Rl PovEhe B 1D rBisud ficaper af s
centi met er shiolgh SRPENIES OM dnh@pB VA Al 1@9ele'asab133fast$ﬁh%1 tlend fifalohogleaidn 10,
wherein the | ever provides a lever armin | ength between about 1 and 20

cent|neter§4ﬂréwﬂmhé4ﬁﬁmnﬁeﬁ¢axh@1lﬁﬂbmﬁ%@nﬁevmaelUmnamyn®nmk©¢ab$mﬂns 1
P ough 13 U, eSS TR0R P SRR T B 205,
wherein t hQndyeMﬁ‘ﬁstdnSfrdSIﬁ\tﬁ@:ﬂlrﬁoét\fcblﬁrdm Rige application of force from apparatus 26
and be pulled in the direction of the arrow by apparatus 26 until it clears apex 140 and
permits implant 20 to expand on its own or be expanded by an expandable member.
[157]. FIG. 22 illustrates a third embodiment 19-3 of a retaining mechanism 19. In
the illustrated embodiment, retaining mechanism 19 includes four basic components: a
wire holder 144, engagement wires 146, a wire guide 148, and a receiver 150 having
longitudinally oriented holes 152 in which ends of engagement wire 146 are removably
positioned. Wire guide 148 is fixedly mounted on shaft 12-1 and has longitudinally
oriented through-holes 154 through which engagement wires 146 are slidably disposed.
Wire holder 144 is slidably engaged with shaft 12-1 and engagement wires 146 are
fixedly attached to wire holder 144. Tensile member 24 is secured to wire holder 144
and is disposed parallel to shaft 12.
[158]. FIG. 23 illustrates a portion of an implant 20 secured to shaft 12-1 with
retaining mechanism 19-3 of FIG. 22. As illustrated, a portion of implant 20 is held in a
predetermined radial position by engagement of loops 802 with engagement wires 146.
Each engagement wire 146 passes under the implant 20 and through an eyelet 158 until
it terminates in receiver 150.
[159]. FIG. 24 illustrates the embodiment 19-3 of FIG. 23 after a medical professional
has begun to operate apparatus 26 to pull tensile member 24 to move wire holder 144
toward the extracorporeal end of device 10 (and shaft 12-1). Distal ends of engagement
wires 146 may be seen removed from holes 152 of receiver 150, but still engaging
eyelets 158 and retaining them at the predetermined radial position. Wire guide assists
in maintaining engagement wires from not deforming radially outward under any radial
forces applied by the (self-expanding) implant 20. Barbs or hooks 160 which are
connected to the respective apex of implant 20 may be seen in FIG. 24. These will

engage with the vessel wall upon contact with it.

-34-



16. The device of any one of clains 1 through 13, wherein the lever is
noveabl e wth one hand. 17. The device of any one of clains 1 through 16,
wher ei n twe 2bersdise nenber is coupled to the | ever via aCwasas1foer48securi ng
the tensile nmenber to the lever. 18. The device of claim 17, wherein the
means for securing the tensile nenber conprises a disk around which the
tensile nenber is wapped and a receiving surface of the cam 19. The

device o aim erein the | ever e about the pivotal axis
Covara ChebL2 T g YRSkt S cbodinghra I aRE R ROt e RIohl B o
posi ti on WdhBrafc@sBesihtul 9% Wﬁllp@ﬁglle%r%ertzhethgﬂegﬁ%wﬁ@ wikahdlddraaiieh it is

coupl ed. 21. The device of claim1, wherein the | ever and the grip are
|ntegraIIySh@idﬁda digancehd -Rietd centadt withi siopl, 150heleirated hia FKver2)arrddt he

? L L) P h ?LS eC I%gl %}C\i)\zli[}é) %bgt E?erﬁ%}]\é ‘Shsife memgers 2% :%rom eyele(%is 8C Ser?glm%lg %&‘a&t 0to yherein

full expand on its own or by expanded by an expandable member. Full expansion is
illustrated in FIG. 25, and the relative diameters of a fully expanded implant 20, which
as illustrated as a stent-graft for abdominal aortic aneurismal repair, and the shaft that
delivers it to the diseased or desired vascular location.

[161]. FIG. 26 illustrates yet another embodiment 19-4 of a retaining mechanism 19,
wherein the release mechanism is only tensile member 24, which is interwoven with
retaining wire 162, as illustrated in FIG. 27. Retaining wire 162 encompasses the
circumference of the implant 20 at its delivery diameter, and is prevented from
expanding by friction from the interweaving with release tensile member 24. Retaining
wire 162 is secured to shaft 12-2 at a point along its length so that wire 162 may be
withdrawn from the body along with shaft 12-2 after delivery of implant 20.

[162]. FIG. 28 illustrates device 10-1 and provides greater detail of an embodiment
30-1 of handle system 30 for retracting sheath 28 (not shown here, but in FIG. 1).
Handle system 30-1 has a stationary portion 164 rotatably connected to a rotating
portion 166. Stationary portion 164 is considered stationary with respect to handle
system 30-1 and to the larger delivery catheter system 10-1 of which handle system 30-1
is a part. Stationary portion 164 is movable by the medical professional as part of
manipulating the handle system 30 and associated delivery catheter 10-1. Strain relief
168 extend distally form the stationary portion 164 and provides strain relief for delivery
catheter 10-1. Inner member of shaft 12 of delivery catheter 10-1 extends distally from
handle system 30-1 to a distal tip 17. FIG. 28 illustrates delivery catheter 10-1 much
shorter than it would be in most applications, solely for ease of illustration. Delivery
catheter 10-1 can be, and in most instances is, considerably longer.

[163]. FIG. 29 illustrates a sectional view of handle system 30-1, and more
particularly stationary portion 164. Shown in cutaway view, the outer sheath 28 and
inner shaft 12 of delivery catheter 10-1 extend distal of strain relief 168. Rotating

portion 166 can extend distal into stationary portion 164, in this case almost to strain
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WO 2011/ 163386PCT/ US2011/ 041483 24. The device of claim1l, wherein the
device further conprises a second cam 25. The device of claim 24, wherein
t he secommlocamvicsssa mrror i nage of the first cam 26. Phe/usemiloe1483 cl ai m
1, wherein the tensile nenber is coupled to the | ever by being stitched
t hrough nore than one through hole in the lever. 27. The device of claim1,
wherein the tensile nmenber is coupled to the | ever by being crinped between

the | ever and r e .cri.ppjn ers 8. The devi of claim1,

furt hor - cotBrf PR RSN TIRE AFCYORL i TRt s I BP0 BEHETEA PP ¢ i n
the el ongatigdeiIrahdath MBELaI7D, ddRoh & L& 2k ﬁm%ﬁﬁa&ymlgh B@kr dhehthagtapl e by

the rotation of the | ever through the prescribed ang 29. The device of

claim 28, faraxiwdly sased. sR@@tlag mﬁwnelﬁhatabiréemalthcllc@stb@ad 173, whish

| ongi tudi nal .axis, of the ere the handl e s 159 pled to
thedr et nonatn B dh, o RRRETFE sRR pe HRERG Jomefndnah S7hs RIS o° ¢
rotatabl e a2BMdlingns egend Powat 710 axdus 1oty icdupled ab lrelatib® ];ioh;ﬁ)n 166,

| ongi t udi nal axis of the el ongated shaft. 31. The device of claima1,

further corfifably seunied &t delsent ssheier Wil chnd fnpdly tcouplpd andviar fast digeedlyi on
through t h%x@ﬁ,etﬁcd’ulté?%ﬂeaﬁ?ag.e ‘Outer sheath 28 is secured to sheath mount 170 between a

central mounting nipple (not illustrated) and a coaxially mounted tube 176. Sheath
mount 170 rides along rails 178 and 180, and has rail bearings for that purpose. It will
be apparent with at least the foregoing description that, in general terms, handle system
30-1 is operated to deploy an implant 20 (not shown here, but elsewhere, e.g., in FIG. 1)
by rotating rotating portion 166 about the longitudinal axis 18 of delivery catheter 10-1,
while holding stationary portion 164 fixed. The rotation of internal thread 172 drives
external thread 174 of sheath mount 170 in a proximal direction of handle system 30.
Accordingly, outer sheath 28, being secured to sheath mount 170, is retracted proximally
solely through translation, without rotation, to expose implant 20 at a distal end of the
delivery catheter, and allowing it to expand on its own or be deployed by other means.

[164]. To enhance the ability of a medical professional to hold stationary portion 164
fixed with respect to shaft 12 (and apply forces counteracting those applied to rotating
portion 166, stationary portion 164 is preferably provided with circumferential ribs 182
as illustrated in FIG. 28.

[165]. To enhance the ability of a medical professional to grip rotating portion 166
and rotate it with respect to shaft 12 and stationary portion 164, rotating portion 166 is
preferably provided with longitudinal grooves 184 as illustrated in FIG. 28.

[166]. FIG. 30 illustrates a longitudinal section of handle system 30-1, and more
particularly, a proximal end thereof. As illustrated, rotating portion 166 forms a tubular
portion with a longitudinal axis coaxial with longitudinal axis 18. Within the proximal
end of rotating portion 166, a manifold 185 is rotatably connected. Longitudinal rails
178, 180 extend to manifold 185. Manifold 185 seals to a tube 186, which runs the
length of handle system 30-1 to prevent liquids (either supplied to the body from

external syringes through luer connectors or blood or other bodily fluids coming from
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32. The device of claim31l, wherein the ratchet tooth is fixedly coupled to
the el ongated shaft and the | ever includes a beamelastically defl ectable
by the ravohetvtssasbh only in a first rotational directi ®@aT/tB3011//h8%levi ce
of claim 31, wherein the ratchet tooth is fixedly coupled to the cam and
the |l ever includes a beamelastically deflectable by the ratchet tooth only
in a first rotational direction. 34. The device of clain131 further

conpri sing i xedly coupled to t Ion ere| he

ot Phet 1ok bod) o amsted P iicr wieh b, SR CAE blestine ltsBieed o
el asticall Xnt@&feh@t%ra&'i&mff@%hﬁ'ﬂérﬁaﬁ'helhdll firdaQs ?W%d’\éxrtéi‘na{l IE@h(fa@{h@éh@,E 1390t h
only in afirst rotational direction of the lever. 35. The device of claim

1, further TobepBo défimgs amannwdir derher betwwern itshik apd thetou]@o surfacoof tnner shefidpl e

menber has heen pul]ed t.o e el.o ed _shaft
The devi ce B P ForGHf RERbE AR MBI IRS afp oSS HRECHE RdnrBflase
nmechani sm N@edT08® ferhiyar suild &/l 18RI i passeiebugh thhmapifeladds edd shefihner WO
2011/ 163386PCT/ US2011/ 041483 37. The device of claim1, conprising an

i ndi cat or teber REshagigr Opaienybe Ang @tra@redluewemueéﬁomﬂ%peﬂaﬁ tRdugtipn ofj r st

poi nt of thg,{ glnfgp*lt% dﬁ?’%ﬁ?&ﬁfgl@ﬁgs aﬂaedeﬂge‘égw On oved %ect ‘ﬂ%'ihe{l 0&3{%” sing

a second grip C respec ortion
of the el onigatigdtudlinaf9s. tAppasas@ae.gr, apy aﬂtapfeﬁﬁod1meheaiesor¢;edi aercas nfayom one

or more di %ietc%ul())lfed ?o Q ?uneg connector 194, which permits tensile member 24 to exit manifold
185 along a longitudinal axis 18’ of connector 194 and tubing 198. As illustrated, luer
connector 194 is in a fixed position with a proximal (extracorporeal end) of delivery
catheter 10-1.

[167]. Turning now to FIG. 31, an exemplary coupling between apparatus 26, here a
thirteenth embodiment 26-13, and the distal end of device 10-2, here manifold 185.
Apparatus 26-13 is coupled to manifold 185 through a number of series connections.
Base 88 is removably secured (and connected) to a Y connector 230 through mating
threads. The distal end of the Y connector is joined (connected) to a rigid tube 198-1,
which is non-removably and sealingly secured (connected) to manifold 185 of device
10-2.

[168]. Turning now to FIG. 32A, it may be desirable to offer a semi-rigid coupling
between apparatus 26, e.g., any of its embodiments, including 26-14 as illustrated, and
the distal end 16 of a device 10, here, device 10-3. The semi rigid coupling between
apparatus 26-14 and manifold 185 of device 10-3 includes rigid tube 54-1 with male
threads removably secured (and connected) to rigid Y connector 230-1, which is
connected to semi-rigid tubing 198-2. Semi-rigid tubing 198-2 desirably has axial
stiffness sufficient to negligibly compress under the actuation load applied via member
46-2 of lever 48-2 of apparatus 26-14 to tensile member 24 (not shown), which is
secured to an extracorporeal member of apparatus 26-14, specifically cam 34 (not
shown), housed within and rotatably connected to housing 52-1.

[169]. In some embodiments, it is anticipated that semi-rigid tubing 198-2 may be

bent in any direction up to approximately 90 degrees measured from a line parallel to the
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39. A nethod of operating the device of claim2, the nethod conprising:

pl acing a thunb of one hand on the lever; placing at |east one finger of

t he one Masiodoomiesidse grip; applying a first force wth tireTtuseom/ oaf483 he one
hand to the |l ever; and applying a second force with the at | east one finger
on the grip; whereby the | ever rotates about a pivotal axis toward the
grip, and the tensile nenber noves with respect to the el ongated shaft. 40.

The net hod of .cl aim 39, rein. the | ever rotates 180 ar, fewer degrees to
Tove T he s s tmThts OB Eadoar RuREH P LoL rEonR R D s P T
el ongat ed %Qxﬁf-ﬁgid‘}&bmg heg-mB! NRerals GIRAGTEY, puResKl thd RAIE \EhehREigles a

t hrough a predefernmned arc to nove the tensile nenber a predetern ned
di st ance wittthng é8pecaturing ushef dévaergHl acklighdy pullsd@nsilsnmemberget ewt vizayoul ar

I npl ant deltg)\}v/a?ra)ﬁisga \élng T6 %P Hg\;iti:esidlg ‘or such non-negligible length is provided for in the
movement of tensile member 24 required to actuate a release mechanism in device 10-3.

[170]. Aspects of the present invention have been described herein with reference to

certain exemplary or preferred embodiments. These embodiments are offered as merely

illustrative, not limiting, of the scope of the present invention. Certain alterations or

modifications possible include the substitution of selected features from one

embodiment to another, the combination of selected features from more than one

embodiment, and the elimination of certain features of described embodiments. Other

alterations or modifications may be apparent to those skilled in the art in light of instant

disclosure without departing from the spirit or scope of the present invention, which is

defined solely with reference to the following appended claims.
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CLAIMS

1. An elongated vascular implant delivery device comprising:

an elongated shaft (12) having a distal end (12a), a proximal end, and a
longitudinal axis;

a release mechanism (19);

a lever (48) rotatably coupled to the efongated shaft (12);

a tensile member (24) coupled to the release mechanism (19} at a first point (25}
along its [ength and coupled to the lever (48) at a second point (21) along its length and
a length of tensiie member (24) between the first and second points disposed within or
alongside the elongated shaft (12);

a cam (34) coupled to the elongated shaft (12),

whereinrotation of the lever (48) through a prescribed angle with respect to the
elongated shaft (12) results in a length of the tensile member (24) between the first
point and the second point being brought into contact with a surface of the cam (34),
resuiting in movement of the release mechanism (19) toward the proximal end of the
elongated shaft (12}; and wherein the elongated vascular implant delivery device further
compfrises;

an axially retractable sheath (28) at least partially within the elongated shaft (12),
wherein the retractable sheath (28) is not refractable by the rotation of the lever (48)
through the prescribed angle.

2. The device of ¢laim 1, further comprising:

a grip (50) coupled to and in a fixed position with respect to a portion of the
elongated shaft {12), the grip {(50) adapted to receive forces from one or more digits of a
hand.

3. The device of claim 1 or 2, wherein the cam (34) is rotatably coupled to the elongated
shaft {12).

4, The device of claim 3, wherein a surface of the cam (34} in contact with a length of
tensile member (24) has a constant distance with respect to a pivotal axis (36) about

which the cam (34) is rotatable.

5. The device of claim 2, wherein the cam (34) is rotatably coupled to the grip (50).
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8. The device of claim 2 or 5, wherein the grip (50) projects from a housing (52) within

which the cam (34) may rotate.

7. The device of any one of clalms 1 through 8, wherein the lever (48) is moveable with

a thumb.

8. The device of any one of claims 1 through 6, wherein the lever (48) is moveable with

one hand.

9. The device of any one of claims 1 through 8, wherein the tensile member (24} is
coupled to the lever (48) via a means for securing the tensile member (24) to the lever
(48), wherein the means for securing the tensile member (24) comprises a disk (66)
around which the tensile member (24) Is wrapped and a receiving surface of the cam

(34).

10. The device of claim 1, wherein the cam (34) Is in a fixed position with respect to the
portion of the elongated shaft (12) to which it is coupled.

11. The device of claim 1, further comprising a handle (30) rotatable with respect to the
longitudinal axis of the elongated shaft (12), wherein the handie (30) is coupled to the

retractable sheath (28).

12. The device of claim 11, wherein the handle {30) is rotatable about a second pivotal
axis, which is parallel o the longitudinat axis of the elongated shaft (12).

13. The device of claim 1, further comprising a raichet tooth (108, 108, 110, 112, 114,
116, 118, 120), which inhibits the lever's rotation through the prescribed angle.

14. The device of claim 1, further comprising an indicator that the release mechanism
(19) has moved toward the proximal end of the elongated shaft (12).
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15, The device of claim 2, further cornprising a second grip (104) coupled to and in a
fixed position with respect to a portion of the elongated shaft (12), the second grip (104)
adapted to receive forces from one or more digits of a hand.
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