MEDI CAL DEVI CE FLEXI BLE CONDU T AND METHOD OF MANUFACTURE BACKGROUND OF THE
| NVENTI ON [ 0001] Field of the Invention [0002] The present invention
relates, in general, to nedical devices and, in particular, to flexible
condui ts and associ ated nedi cal devices and nmet hods. [0003] Description of
Rel ated Art [0004] A variety of nedical devices enploy conduits for

navi gating through the body and accessing specific target sites in order to
perform di agnostic, therapeutic, and surgical procedures. For exanple,

fl exi ble cannulas inserted by rigid needles are conventionally enployed for
the infusion of therapeutic agents (e.g., insulin). BRI EF DESCRI PTION CF THE
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particularity in the appen alnms. A better understanding of the
features and advantages of the present invention wll be obtained by
reference to the follow ng detailed description that sets forth
illustrative enbodi nent s, BACKGREOUNBOBIHE INVENBIONhe i nvention are
utilized, and the acconpanying drawings, in which |ike nunerals indicate
li ke el ements, of which: FIG | Ais a sinplified cross-sectional depiction
of a ned ]Eﬂihgégﬁﬂﬂéiﬂﬁme conduit according to an exenplary enbodi nent

P
of the nt in t] L . 1S : j || fi r - i . iLction
of the HOBSAT] oV ARn bl hrioh sElaleS, it Bhel) [d PG HIIRES BEE WPORICHERLS L
FIG | A FlGflekitle tendaits bfiphdsbéiedd eiedial deddes andimetterdisct i on of t he medi cal

device flexible conduit of FIG |A taken along line CGCof FIG IA FIG 2A
and 2B are sinplified depictions, side and end views respectively, of an

el onga;gg M]t .él,&li t?&qréfﬂ{éﬁ‘ﬁt&lf' g channel therein as can be enployed in
enbodi n?s é?—*p?esenr—rnveérlon; -1
[0004] A variety of medical devices employ conduits for navigating through the body
and accessing specific target sites in order to perform diagnostic, therapeutic, and
surgical procedures. For example, flexible cannulas inserted by rigid needles are

conventionally employed for the infusion of therapeutic agents (e.g., insulin).

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The novel features of the invention are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the present invention
will be obtained by reference to the following detailed description that sets forth
illustrative embodiments, in which the principles of the invention are utilized, and the
accompanying drawings, in which like numerals indicate like elements, of which:

FIG. 1A is a simplified cross-sectional depiction of a medical device flexible
conduit according to an exemplary embodiment of the present invention;

FIG. 1B is a simplified cross-sectional depiction of the medical device flexible
conduit of FIG. 1A taken along line B-B of FIG. 1A;

FIG. 1C is a simplified cross-sectional depiction of the medical device flexible
conduit of FIG. 1A taken along line C-C of FIG. 1A;

FIGs 2 A and 2B are simplified depictions, side and end views respectively, of an
elongated Nitinol strip with a channel therein as can be employed in embodiments of

present invention;



FIG 3 is a sinplified cross-sectional depiction of another el ongated
Nitinol strip as can be enployed in enbodi nents of the present invention
with exenplary dinensions in inches indicated thereon; FIG 4 is a
sinplified cross-sectional depiction of another elongated Nitinol strip as
can be enployed in enbodi nents of the present invention with exenplary
dinmensions in inches indicated thereon; FIG 5 is a sinplified depiction of
anot her elongated Nitinol strip as can be enployed in enbodi nents of the
present invention with exenplary dinmensions in inches indicated thereon;
FIG 6 is a sinplified depiction of yet another elongated Nitinol strip as
can be enpl oyed i hlerisdismeplifsedofrosskrectomakdeptictiomadranpibar clphgased NsinpDstepe
sinplified de |ct|ons f qther Ni tinol strlps as can b

1 Bnbod: ment & g sl an e BRERGh e i Ban gl St SRR hes
i ndi cat ed t heffiatheshhdfateBthertdd; 8B are sinplifi ed depi ctions of an isotropic
etching process as can be enployed to manufacture nedical device flexible
condui ts accordi ngFl@® 4ike yimpbtied cropsseetionabdepiftiagsof a@@\thandogﬁt@drlﬁltsmhmlpﬂ ed

depictions of a dlcal Vi ce, accordi to odi nent.s of the present
vent | o’ bef Y@M FESTOYMERLh T b TRAE b s BereRRGVCHI T Bem ATy gy Bions
condui t and afﬁlggh@qmlwg@ﬂkreohespect| vely; and FIGs. 10, 11, 12 and 13 are

various sinplified views of another nedical device according to an
enbodi ment of the pHeseinta simpléfind depiatioatof pmeherddengateddditioal stupes eam bef | eX| bI e

Fol | ovi ng. det SPPBYHBSP R ToH® ShORPEoBY TERHON 0 F6F BRO B PaOPHE Hehed
drawi ngs, i nindbatdd thérkenel enments in different drawi ngs are identically
nunber ed. The draw ngs,

FIG. 6 is a simplified depiction of yet another elongated Nitinol strip as can be
employed in embodiments of the present invention;

FIGs. 7A-7D are simplified depictions of other elongated Nitinol strips as can be
employed in embodiments of the present invention with exemplary dimensions in inches
indicated thereon;

FIGs. 8A and 8B are simplified depictions of an isotropic etching process as can
be employed to manufacture medical device flexible conduits according to the presen.
invention;

FIGs. 9A and 9B are simplified depictions of a medical device according to
embodiments of the present invention before deployment of an integrated medical device
flexible conduit and after deployment, respectively; and

FIGs. 10, 11, 12 and 13 are various simplified views of another medical device
according to an embodiment of the present invention that includes a medical device

flexible conduit guide.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0006] The following detailed description should be read with reference to the drawings,
in which like elements in different drawings are identically numbered. The drawings,
which are not necessarily to scale, depict selected exemplary embodiments for the
purpose of explanation only and are not intended to limit the scope of the invention. The

detailed description illustrates by way of example, not by way of limitation, the



whi ch are not necessarily to scale, depict selected exenplary enbodi nents
for the purpose of explanation only and are not intended to limt the scope
of the invention. The detailed description illustrates by way of exanple,
not by way of limtation, the -2 principles of the invention. This
description will clearly enable one skilled in the art to nmake and use the
i nvention, and descri bes several enbodi nents, adaptations, variations,
alternatives and uses of the invention, including what is presently believed
to be the best node of carrying out the invention. [0007] As used herein,
the terns "about"” or "approximately" for any nunmerical values or ranges

i ndi cate a suptiadiples df tiemsventiah. Thiseesnipaoh hall clrbilpesablhengskilledan tleodrt ®Ct | on
of conponents to functjon for its_ intended purpaose. as described herein. In
addi tion, as HekeandiasedhninveRtion, shdgeserbasisgraral mhpgimenty idapialip)setdriatipps. e
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patient repreapdtsfearplied entrthelirvatuieh. ment. [0008] FIGs. |IA | Band IC
depict a medical device flexible conduit 100 according to an enbodi nent of
t he present invention. Medical device flexible conduit 100 includes an
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formed (for e I hed):. theqgein » i i itie east
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medi cal devi cendl4}® nat meenidad toulia i the $yisexishir endthdal td hdmah usecakhoyghnise af thy
j acketing the elongated strip between distal end and the proximal end, the
channel and fYbiSst BIVENHQILE emaf) PRYicAt 1eBTsaRIts 2 PefdFdeambofsmentt ends partial ly
into sharp head 110 such that a conduit opening 116 on the side of the
medi cal device flexible conduit 100 is

[0008] FIGs. 1A, 1B and 1C depict a medical device flexible conduit 100 according to an

embodiment of the present invention. Medical device flexible conduit 100 includes an
elongated strip 102 (such as a flexible Nitinol strip or other suitable highly flexible strip)
with a distal end 104, a proximal end 106 (shown only the direction of where the
proximal end will be) a longitudinal axis 108 (depicted by a dashed line) running from
distal end 104 to proximal end 106, a sharp head 110 extending from distal end 104 and a
channel 112 formed (for example, etched) therein. Channel 112 is dispositioned at least

partially along, or parallel to, the longitudinal axis 108.

[0009] Flexible medical device 100 also includes a flexible tube 114 at least partially
jacketing the elongated strip between distal end and the proximal end, the channel and
flexible tube defining a conduit. Channel 112 extends partially into sharp head 110 such
that a conduit opening 116 on the side of the medical device flexible conduit 100 is
defined.

[0010] If desired, flexible tube 114 can extend past proximal end 106 and be configu =d
to provide a fluid-tight connection to associated medical device components (such as
infusion components). Moreover, if desired, the medical device flexible conduit can be

coated with a lubricious material to facilitate insertion into a user’s target site.



defined. [0010] If desired, flexible tube 114 can extend past proxi mal end
106 and be configu ;d to provide a fluid-tight connection to associ ated
nmedi cal devi ce conmponents (such as infusion conponents). Moreover, if
desired, the nedical device flexible conduit can be coated with a

| ubricious material to facilitate insertion into a user's target site. -3

[ 00111 Various other aspects of nedical device flexible conduits according
to the present invention including nethods for their use, manufacture and
enploynment in integrated nedical devices are described below [0012] FIGs
2A and 2B are sinplified depictions, side and end views respectively, of an
el ongated Nitinol strip 202 with a channel 212 therein as can be enployed in

enbodi nents of present invention. FIGs, 2A and 2B include exenplary,
non-1im {0MHd] di m¥egpenehérespesttadmedigbdaiceHiaziblg corduits a¢appding fosthe present

cross-sectional depictiqn of another, elongated N tinol stri 302 with two
channer o 319 Byetf BEhaMs o BRR (bRl Himlict bRE enbldbufior ifisitatel,

wi t h exenpl ar yhedicBAEMSiRE Srd destdisddasidwidi cat ed t hereon. The two channels form
an elongated Nitinol strip with an "H shaped” cross-section. The presence

of two channels provides conduit redundancy or for the provision of

di ff ids i it .(f l e, . | i | . n).
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conpari son t oeldnfatsRREMD] SHPSIH2SAEE 4 einasl Xeph&t@dhsican bt Gmptbyadiéh descri bed
below). [0014] FIG 4 is a sinplified cross-sectional depiction of another

el ongat ed Ni t fmbedisrenisp! prsentipydntiona ey, 2A1md28einglude gxeraplarp aoehplivged in
enbodi ments of;. t he. [ esent invention with exenplary dinensions in inches

i ndi cat ed thegggwsoﬁﬁﬁi@ﬁfﬁlG. 5is a sinplified depiction of another

el ongated Nitinol strip 502 with channel 512 and sharp head 504 as can be

enpl oyed in enbodi nents of the present o . ,
[0013] FIG. 3 is a simplified cross-sectional depiction of another elongated Nitinol strip

302 with two channels 312 as can be employed in embodiments of the present invention
with exemplary dimensions in inches indicated thereon. The two channels form an

elongated Nitinol strip with an “H-shaped” cross-section. The presence of two channels
provides conduit redundancy or for the provision of different fluids in each conduit (for
example, insulin and Smylin). Moreover, the H-shaped cross-section provides additional
flexibility in comparison to a C-shaped cross-section as depicted in FIG. 4 and described

below).

[0014] FIG. 4 is a simplified cross-sectional depiction of another elongated Nitinol strip
402 with channel 412 therein as can be employed in embodiments of the present

invention with exemplary dimensions in inches indicated thereon.

[0015] FIG. 5 is a simplified depiction of another elongated Nitinol strip 502 with
channel 512 and sharp head 504 as can be employed in embodiments of the present
invention with exemplary dimensions in inches indicated thereon. FIG. 6 is a simplified
depiction of yet another elongated Nitinol strip 602 with sharp head 604 and channel 612

as can be employed in embodiments of the present invention.



invention with exenplary dinensions in inches indicated thereon. FIG 6 is a

sinplified depiction of yet another elongated Nitinol strip 602 with sharp

head 604 and channel 612 as can be enployed in enbodi nents of the present

invention. -4 [0016] FIGs. 7A-7D are sinplified depictions of other

el ongated Nitinol strips 700 with sharp heads 704 and channels 712 as can

be enpl oyed in enbodi nents of the present invention with exenplary

di mrensions in inches indicated thereon. [0017] Methods for manufacturing a

medi cal device flexible conduit according to enbodiments of the present

i nvention include etching a channel into an elongated Nitinol strip and

form ng p0Gprp heBIGPMATDas snpBfied ddpidtioas ef othgadlengadd Nhvbl stips P00 Whi

met hods al so include subsequent|y jacketing the flat el ongated Nitinol
aplstha

strip with a fhaaxhends 70hped £s eaeber qranlpydeintegwdipent plthn eTesendt i ne a
conduit. [001 . ggg are.si ki ki 1:GL 1 of an isotropic

et ching pr oce?gelggogfé‘gﬁﬁéﬁe %%ﬁé@ggsl%%nﬁﬁn%? ggl[d%?%dﬁé%ﬂg@zl device flexible
conduits according to the present invention. Channels enployed in

enmbodi nent s _of the@gresent i nvention can be formed . using, for exanple, any
sui t abl el®@dhi ng t Metindgder mamilpetueng hpsdicaldevjcsdlexiple prndyitiaccqrdimg i@ ng

i sotropic chem . i L S, r ORi: i I ng
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wth a sem -gripabd formingOsshageledad on ahiistalrgd shihe ploagdgres Natindl beipb dht aralaidst he

etched surface after rennvingﬁthe maski ng | ayer, as shown in FIGs. 8A and
J

8B. [0019] | falpg mcidgsybsequently inekpting thefia) elpnaated hairad stin vish p figuihletibg
curved el onga [t . [ erial can be used instead
of flat Sheet&ﬁﬂ%ﬂ%ﬁ%%ﬁ%g%%?u?ﬁ%ﬁg@%@kﬁé?@ﬁ%ﬁ%g@ﬁgé properly aligned with
the curvature of the sheet. Alternatively, the strips can be curled in a
secondar nanufacturing operation, [0020] A channel, can _be etched on one

si de of 18] ongat B BAigndBhbare simmlified dgpictionscol andRifRpic elFlyag PESEts §ifan see
FIG 2B for e%@éﬁﬂ)l%%/e@{o AR reShaRSl ﬁé\ﬂgeeﬂé)ﬁgletcgn@tﬁtsaaQC(;IJari'ng to the present

invention. Channels employed in embodiments of the present invention can be formed
using, for example, any suitable etching technique known to those skilled in the art
including isotropic chemical etching techniques. Isotropic etching employs a masking
layer and results in undercutting of the masking layer, producing sidewalls with a
semi-circular cross-section having sharp edges at the bottom of the etched surface after

removing the masking layer, as shown in FIGs. 8A and 8B.

[0019] If it is desired to have a curved elongated strip (such as a curved elongated Nitinol
strip), curled sheet material can be used instead of flat sheet. In this case, the etch mask
must be properly aligned with the curvature of the sheet. Alternatively, the strips can be

curled in a secondary manufacturing operation.

[0020] A channel can be etched on one side of an elongated strip (referred to as a “C”
shaped cross section, see FIG. 2B for example) or on both sides (referred to as an “H”
shaped cross section, see FIG. 3) of the strip. It is also possible to etch more than one
channel on one or both sides of an elongated strip. Etching more than one channel
provides some redundancy, in case one of the channels becomes blocked, or the

additional channels could be used to deliver different drugs, such as insulin and Symlin.



shaped cross section, see FIG 3) of the strip. It is also possible to etch
nore than one channel on one or both sides of an elongated strip. Etching
nore than one channel provides sone redundancy, in case one of the channels
becones bl ocked, or the additional channels could be used to deliver
different drugs, such as insulin and Symin. -5 [0021] The sharp head of the
strip with the penetrating sharp edges is nmade wi der than the remai nder of
the el ongated strip such that when a flexible tube (for exanple, a polyner
jacket) is placed around the strip to formthe conduit, the |eading edge of
the flexible tube fits the shoulders on the head. This decreases the

frontal moelj!e of Th@ﬂqarﬁﬁ@ﬁd&fﬂtbéﬂﬁﬁbGbﬁthfth@ﬁéxﬁhﬁtiﬁ%ﬁ%ﬂ) bdgdsesimada@idensRht i on
force and preventing the flexible tube from catching on the incised

i nsertion poi e remaiadersitheselpagajed stgp sech thafi whensaflexiklg duied forexamplegds oni ng”

an opent ng. beyUneC IR B RER g SETAE R tofh Bt R R PRER <Be of LB <

target site. f1Babletthsfidghd SR uRR&UMEe Bbad. EhiSlicleeaés th grontd b ieathhe
beneficially reduces the chance of bl ocking the channel fromcoring of

ti ssue duri ngmegisalrdevisa flegibhnesmdyit redusingiasdciionfarescdndi nyenesting s flexitipiuher
conpensati on be.,used ere the head of .the stri eet s th Y, i n
o oo o obt alfAthiRe e Bk T RERE ol i Asilis Pect BBSSTidtlkn 18e, " nead

configurati on%cem@nﬁ%?wﬂ?ebpdmh@ugme7da)he_arcﬁam§shblh@ igloeeshep ahidwg al | ows
for the shape of the sharp head to be designed i ndependently of the body.

[0023] A nedi palidgeniopening dgyaidehe Sexiblertubetos thi fhgjd to flaw leedhppeer 'y target
embodi ment  of . ne, Rl GRS ttp]% Qéfﬁlrl]ﬁ%(?l{g ‘ﬁ%%ﬂigl%g tﬁeos[hgg)dlﬁaffi%%n%(czm rgd%(il/%? Itﬂ%gaas har p

fl exi bl e condurt "conprisi nga (Nglo)

head) surroungedcdyf Blokldad tHehvhbike] RbrEcorpgl of tiesue] digikg tindewidnh Goniracayesatl | D
.0 12" max, recovered wall 0.002", expanded ID 0,048" mn from Zeus). In

thi s enbodi nemeskingieckrigppssuehsnoater compensaéprynanbedscliwhersihe head effhestiipnds
beyond t he PTEE | to .al t £ 1Lyl XLt {fjion, the heat
srink - pree vene I o ol e i Srobf B ingh e REUMED read, "whi oh
will facilitate insertion

[0022] Many sharp head configurations (see FIGs. 7A through 7D) are possible since

etching allows for the shape of the sharp head to be designed independently of the body.

[0023] A medical device flexible conduit according to an exemplary embodiment of the
present invention can be formed, for example, using a flexible conduit comprising an
etched elongated Nitinol strip (with a sharp head) surrounded by a heat shrunk PTFE
polymer jacket (with a recovered ID .012” max, recovered wall 0.002”, expanded ID
0.048” min from Zeus). In this embodiment, the etched channel in the elongated Nitinol
strip extends beyond the PTFE jack to allow the fluid to exit. In addition, the heat shrink
PTFE tubing tapers down at the juncture of the sharp head, which will facilitate insertion

into a user’s target site.

[0024] Medical devices according to embodiments of the present invention include a
medical device flexible conduit that has an elongated Nitinol strip with a distal end, a
proximal end, a longitudinal axis running from the distal end to the proximal end, a sharp
head extending from the distal end, and a channel etched therein. Alternatively, the
channel can be formed by using other suitable methods, such as stamping. Moreover, :he

channel is dispositioned along, or parallel to, the longitudinal axis. The medical device



into a user's target site. [0024] Medical devices according to enbodi nents
of the present invention include a nedical device flexible conduit that has
an elongated Nitinol strip with a distal end, a proximl end, a

| ongi tudi nal axis running fromthe distal end to the proximal end, a sharp
head extending fromthe distal end, and a channel etched therein.
Alternatively, the channel can be forned by using other suitable nethods,
such as stanpi ng. Moreover, he channel is dispositioned along, or parallel
to, the longitudinal axis. The nedical device -6 flexible conduit also has a
flexible tube at |east partially jacketing the elongated Nitinol strip

bet ween t he dflsxidle cenduitialdo hivea fexakiertalbe ashehst partidllyt jackeatingrine¢longatied INiginol

flexible tube  defjning a.condujt. The nedical device also includes a

| nser t1 on meoRER SRS SELEM 41 PG Aoy Fitb e anns opd B Siaui ¢
i ncludi ng thejsianpa BaRMit, TAE heicdPEVIR awig@hdessahtiﬁsemhnéaﬁhisfnft%nﬁgun@aI t
provides fluid conmunication to the target site. 100251 The nedical device
fl exi bl e condtd inserhpbayied of thesflaxiblereendyizl indbwingahe bhesp beash intd e siseri Blargehbove

(for exanple, with respect to FlGs, IA. fhrough 8B). enpl ary enbodi nents
of the integr ﬁ%e%mllﬂ?i e’lC@Hd%BWé(hqeérﬂﬁh‘#‘éonb‘gg%lf?tﬁ?é‘&og% %e??lﬁe't his respect
it should be noted that the nedical device flexible conduit is integrated

with the insertion mechanismin that the nedical device flexible conduit is
not renoy33] separ Ahethedical divicsdtatele donduitgmpeyed[io o@dumedicGd deviseslrs b8 show

i mplified depictj f di cal i 0 i nbodi nent s of
The’ pr esent 1 RverPrbioRetBr EXaugRoy HEHbG: TR T B Pichdh shE o ERERP et oo
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includes a nedical device flexible conduit 902 and an insertion nechanism
904. Various itshodhenotsd dfat theemé¢dicnd devienflerdblhanndum i§ iintegrated Withrtheiipsergbrase

button, firi L tch i . illustrated in FIGS. 9A
oot o8y nBe SR RS ROP RS0t Bl R kel s
al so referreddiends durfdgaxkbl e cannula and the flexible -

[0026] FIGs. 9A and 9B show simplified depictions of a medical device 900 according
to embodiments of the present invention before deployment of an integrated medical
device flexible conduit and after deployment, respectively. Medical device 900 includes
a medical device flexible conduit 902 and an insertion mechanism 904. Various
components of the insertion mechanism (i.e., a firing release button, firing spring, latch,
and guide channel are illustrated in FIGs. 9A and 9B). As noted in these FIGs., the
medical device flexible conduit is also referred to as a flexible cannula and the flexible

tubing portion thereof can be connected to, for example, an insulin supply source.

[0027] Medical device 900 can be fired by pressing the release button to release the
latch, or, alternatively, it can be automatically fired by an electromechanical switch (not
shown). Medical device 900 can be provided to a user spring-loaded as shown in FIG.
9A. The device is held in the loaded position by the latch, which can be moved out of the
way by pressing the release button. The medical device flexible conduit resides inside a
channel that is approximately parallel to the surface of the user’s skin, and bends at a 45
degree angle towards the user’s body at the tip. The medical device flexible conduit is
normally straight, but follows the 45 degree bend because of the superelastic properties

of Nitinol. Other angles than 45 degrees can be used for the deployment angle.



tubi ng portion thereof can be connected to, for exanple, an insulin supply
source. [0027] Medical device 900 can be fired by pressing the rel ease
button to release the latch, or, alternatively, it can be automatically
fired by an el ectronechanical switch (not shown). Medical device 900 can be
provided to a user spring-loaded as showmn in FIG 9A The device is held in
the | oaded position by the latch, which can be noved out of the way by
pressing the rel ease button. The medi cal device flexible conduit resides
inside a channel that is approximately parallel to the surface of the
user's skin, and bends at a 45 degree angle towards the user's body at the
tip. The nedical device flexible conduit is normally straight, but foll ows

the 45 d bend. because of the.superel astic .properties..of N tjnol. O her
angl os ¢ RPBAS degrasse tamaiea d8u BE N chrBORBR! Teiay i TemdVdgdihers

use the nedi cabudR¥l ®E meliltt] RIRESIinMenAEKEN B iRt aSiiRWAdhkRdT BIRV@E: § §i@im t he
bottom of the nedical device, and the nedical device is applied (adhered) to

t he user's skiBacausBthe anesiécat devicendqwish mimimat dextery ta lwmdle and asdmadlesompaiedyo t o

P o PO St SRS 1P ST BB RS,
user, for exagp g folihe®R tmus%ﬂ%rwaﬁlgrélt&,topat:{ﬁe%n@d}@, BHcRLf Se @i, si@bdonen,
and thigh (back, front, or side). [Ooggg To deploy (insert) the nedical

devi ce fl exi bhkdasmmdand thighibadkskentperessdsds on the rel ease button, which
rel eases the latch and allows the spring to fire the nedical device. The
nmedi cal device flexible cannula follows the channel guide, travels through

the 45 qsmavpe bend, RPWyi(ISEH) he HURIBIVR fk@le SorfdtitNthe TRE PpHERES EdthePr €SS
the device wth one or' nore fingers, the thunb, the palm or any Eart of

the hand or ardkeashhuttons vdueh/esitasestthe latehrapdiallaivs gt speing éo fire/the medgat deviigs.

required to activate fhe.insertian chani s Al ternativel an
el ectronec han&&?ﬁpeﬁtpﬁl&éﬁl rﬁeéiéwe B@ﬁae%ﬁfjgs g]l?tc&ﬁﬁﬁ @310%ytr?‘fe¥§ethf%§h Bt ce,
el imnating tQeyteBdid SiEnberfsRerds thelds@rs dkin. PTIRSSEePcdnSr&ATEe BivideAtith 6fRQ530]
The medi cal device as shown in FIGs. 9A and 9B includes a coil of tubing
whi ch more fingers, the thumb, the palm, or any part of the hand or arm that is convenient.
Very limited dexterity or force is required to activate the insertion mechanism.
Alternatively, an electromechanical mechanism can be used to automatically fire the

device, eliminating the requirement for the user to press a release button.

[0030] The medical device as shown in FIGs. 9A and 9B includes a coil of tubing which
allows the flexible conduit to move forward while connected to the insulin supply.
Alternatively, a connector can be located at the back of the medical device that slides
forward with the flexible conduit. After deployment, tubing can be attached to the back

of the device via a suitable connector in order to connect to the insulin supply.

[0031] The horizontal configuration of medical device 900 disclosed has numerous
advantages including:

The low profile design is well-suited for integration into a patch pump

The Nitinol strip can be manufactured flat, which reduces manufacturing steps

The device has a simple design with few components

The spring design is very straight-forward and the spring force is easy to adjust

The flexible Nitinol/polymer cannula (i.e., medical device flexible conduit) will not buckle
when penetrating the skin because it is supported along its entire length

o The device comes with the spring pre-loaded so the user is not psychologically intimidated
by the force required to load the spring



allows the flexible conduit to nove forward while connected to the insulin
supply. Alternatively, a connector can be |ocated at the back of the

medi cal device that slides forward with the flexible conduit. After

depl oynent, tubing can be attached to the back of the device via a suitable
connector in order to connect to the insulin supply. [0031] The hori zontal
configuration of nedical device 900 disclosed has nunerous advantages
including: The low profile design is well-suited for integration into a
patch punp The Nitinol strip can be manufactured flat, which reduces
manuf act uri ng steps The device has a sinple design with few conponents
The spring deJhgdevice mekes sinirail gbtse Horingdeplaymebnt Hee ®pthe myall oraseofithe masingt o
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along its ent @g@&@, %” ¥{ce cones wt he spring pre-loaded so the
user is not p AR |mdated bytheforce required to | oad the

spring -8 The deV| ce nakes m ni mal noi se during deploynment due to the small
mass of the noving materjal s, can he |ncorporated into the
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nmedi cal devi cénsdid0 mabagisgi 1002 (witha nedivatl devecd fledible hﬁtl-mUEBlﬁfgt condwie ghiden.
Medi cal deV|ce 1000 .i ncl udes an insertjon nechanis ﬁ th a nedical

gew ce ]1: : exi EI 160 ‘Hrﬂlﬁﬁbd&@?h’@e@éﬂd@ﬂce&ﬁ?‘@@ C%@Bﬂ)lo‘é@dﬂé}f %?’é‘b } hemgidhe al
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a user's targéito aube’s thiget sitk2 Fi@pl Tdepidthehe meudiicahtevdevifee daplbgmente pllGy st .
FIG 13 is a sinmplified cross-sectional depiction of the nedjcal device
f1exi bl e anti 2iimifjedgross-sectional depiction of the medical device flexible anti-buckling

conduit cooperating with the medical device flexible conduit guide).

[0033] Referring to FIGs, 10, 11, 12 and 13, medical device 1000 includes a medical
device flexible anti-buckling conduit guide 1004 to prevent the integral medical device
flexible conduit 1006 from buckling during insertion into a user’s target site. The
configuration of medical device 1000 provides anti-buckling support to the medical device

flexible conduit along its entire length.

[0034] Medical device flexible anti-buckling conduit guide 1004 is formed, for example,
of Nitinol and has a channel (or alternatively a groove) configured to operatively cooperate
with the medical device flexible conduit (see, for example, FIG. 13). Prior to deployment,
medical device flexible conduit is positioned inside the channel of the anti-buckling

conduit guide (see, for example, FIG. 10).

[0035] When the insertion force is applied at the end of the medical device flexible conduit
during use (and after the medical device has been adhered to a user by, for example, the use
of an adhesive layer on the bottom of the medical device) the medical device flexible
conduit bows toward the anti-buckling guide, pressing against it. The Nitinol anti-buckling
conduit guide limits the extent to which the medical device flexible conduit bends, thus

preventing the medical device flexible conduit from buckling. As the insertion mechanism



conduit cooperating with the nmedical device flexible conduit guide). [0033]
Referring to FIGs, 10, 11, 12 and 13, nedical device 1000 includes a nedi cal
device flexible anti-buckling conduit guide 1004 to prevent the integral

medi cal device flexible conduit 1006 from buckling during insertion into a
user's target site. The configuration of nedical device 1000 provides
anti-buckling support to the nedical device flexible conduit along its
entire length. [0034] Medical device flexible anti-buckling conduit guide
1004 is fornmed, for exanple, of Nitinol and has a channel (or alternatively
a groove) configured to operatively cooperate wth the nedical device

f1 exi bl e condeloses((s®etransisiong framphepositiog.of FHY.. 1 0pp itherpasisiod @b FKy-rtd ritia manuadi cal

device flexible conduit is.ppsitiagned. inside the channel ,of the

ant1 <buck! ; ng " St e gisdisa! s TeREH ARUREPLRE LR DG wdBiersiben < ne
i nsertion forggchfin@RBhisRE (At shdien BNHe PIG N tARM Rl tintke iecRitihblenntithuekig@ndui t
during use (and after the nedical device has been adhered to a user by, for
exanpl e, the cemluitguidgriragelhupvards indy@chaonel ddvated n the mseftion ieechanding dabedpshas c e)

pr st g agai R FIGTRLARS b Bkl DR g CubAaRPRE T e B4

extent to whi ghthbir&idi@sh cal device flexible conduit bends, thus preventing
t he nedi cal device flexible conduit from buckling. As the insertion
mechanism-9 closes (i.e., transitions fromthe position of FIG 10 to the

osition IG 1 i nual er, force t he .nedi cal device flexibhle

Condui ¢ BB Ees usarls T BRRD i FEclonE REY tosh MRglBEY Rive B ME oy bkeld
shown in the st delivaty, ERBodimeRts bf 18 prdsbif iMVehii®tPire ARb usdFuIChsh H1 erycoTTdehet t
gui de travels upwards into a channel [ocated in the insertion nmechani sm

(1 abel ed as dmghor biologal agents sueh dsd M4 of edls, ippagiion ofj senRas auexdrasfion ¢fol i s
superelastic, it .bends easi B t, kinking. [0036] Wile the focus of
this discl osu?aénm%[gssu lig% ﬂ%%%/l&tgrl\ls\{ltﬂag%bdegrtéﬁae‘net hods related to insulin
delivery, enbodi nents of the present invention are also useful for delivery

of ot her
[0037] From the foregoing descriptions and discussions, one skilled in the art will

recognize that embodiments of the present invention encompass methods for inserting a
medical device flexible conduit into a user’s target site that includes adhering a medical
device to a user with the medical device having a medical device flexible conduit and an

integrated insertion mechanism.

[0038] Moreover, the medical device flexible conduit has an elongated Nitinol strip with
a distal end, a proximal end, a longitudinal axis running from the distal end to the
proximal end, a sharp head extending from the distal end, and a channel etched therein.
In addition, the channel is dispositioned along, or parallel to, the longitudinal axis. The
medical device flexible conduit also includes a flexible tube at least partially jacketing
the elongated Nitinol strip between the distal end and the proximal end, the channel . nd
flexible tube defining a conduit. The insertion mechanism is configured to insert a
portion of the flexible conduit including the sharp head into a user’s target site such that
the conduit provides fluid communication to the target site. The method also includes

inserting the medical device flexible conduit into the user’s target site.

[0039] The sharp head of the medical device flexible conduit remains in the target site

during use of the medical device (for example during the administration of insulin) and is
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drugs or biological agents such as DNA or cells, insertion of sensors,  or
extraction of sanples such as blood, interstitial fluid, or tissue. [0037]
From the foregoing descriptions and di scussions, one skilled in the art wll
recogni ze that enbodi mnents of the present invention enconpass nethods for
inserting a nedical device flexible conduit into a user's target site that
i ncl udes adhering a nedical device to a user with the nedi cal device having
a nedi cal device flexible conduit and an integrated insertion nmechanism

[ 0038] Mbreover, the nedical device flexible conduit has an el ongated
Nitinol strip with a distal end, a proximal end, a longitudinal axis

runni ng from bhlg rekhsveal wikdictht entil enediabddvidl flexitsle cenduitds fenhaed froxt ke dir%@
fromthe distal end, and a_channel etched therein. In addition, the channel

i s di spositi opiéd Sinemie msdigehdeyieedlexiple Ct)wbnﬂléﬁ@hdx;ﬂmhle (hxiexampleebeipgdi cal
d flexib
bt T e R B E R R B

proxi mal end, of figcih@an®irineRde. fl exi bl e tube defining a conduit. The
insertion nmechanismis configured to insert a portion of the flexible
condui t including the sharp head into a user's target site such that the

condui t des f Jy | so
includes ertlngﬁﬁﬁgﬁgggg ﬁ%éggggg Iex?% éggﬁﬁ MP%?%eﬁﬁgnﬁgéﬁ
target sit e H639¢d Hdreinshavip baeadioas td thesenskilieddh tlﬂseaﬁ tat §uchxindodintamodse t

remains in the target site during use of the pedical device (for exanple
during the adRigv rbé(tWQ)’rPf&P(amﬁh?tﬂfilh) Nemerons variatigng phinges isdegbsiieions pell

ent i e medi calodaueso RELAE AOASUNY bl SURNER (0RME e A0 st snglld:

Si nce the nedi cal device e con for exa

bei ng formeduaderdtbéd that Vzﬁﬂﬁils altérnenied |t@tHéQhwaSEfmériﬂ;b@f)the litvefifion d&0HbEY
inserted without undue pain or disconfort during use. 100401 Wil e
preferred enbBeeifeResbormployedmerasicingiieicatiomalés beaded hgihe dpldowing

described her 'Efaﬂ'ns 3etﬁn\éntlké scgﬁe gib[}% ARt ch éngcl)ﬁaet‘ dg\lﬁu:s a?lg rﬁé?hcgcﬁ%vlﬁ{lﬁ thqu(gpe fc h

enbodi nents are
these claims and their equivalents be covered thereby.

-11 -



provi ded by way of exanple only. Numerous variations, changes, and
substitutions will now occur to those skilled in the art w thout departing
fromthe invention. It should be wunderstood that various alternatives to

t he enbodi nents of the invention described herein may be enployed in
practicing the invention. It is intended that the followng clains define
the scope of the invention and that devices and nethods within the scope of
these clains and their equivalents be covered thereby. Il _ CLAIMS WHAT IS
CLAIMED I S: 1. A nedical device flexible conduit conprising: an elongated
Nitinol strip with: a distal end; a proximal end; a |longitudinal axis
runni ng CrLamvshe distal end to the proximal end; a sharp head extending
fromthe distal end; and a channel formed therein, the channel dispositioned
at least partially along the longitudinal axis and a flexible tube at |east

partial | y, i l ongated Nitinol strip between the distal end and
t he prox?wn%g?lgﬁg{ﬂ}%%@g%%nnel and flexible tube defining a conduit. 2. A

medi cal device flexible conduit conprising: an elongated Nitinol strip
with: a distal end; a proximal end; a longitudinal axis running fromthe
di stal ehd toAtmedigtl devipaflexhle conduispipprisiegid ext ending from the distal end;

and a channel fOrn?xgelw&ft&lﬂitin%ﬁ‘?triﬁ%ﬂﬂel di spositioned at |east partially

a distal end;
a proximal end;
a longitudinal axis running from the distal end to the proximal end;
a sharp head extending from the distal end; and
a channel formed therein, the channel dispositioned at least partially
along the longitudinal axis and
a flexible tube at least partially jacketing the elongated Nitinol strip between the

distal end and the proximal end, the channel and flexible tube defining a conduit.

2. A medical device flexible conduit comprising:
an elongated Nitinol strip with:
a distal end;
a proximal end;
a longitudinal axis running from the distal end to the proximal end;
a sharp head extending from the distal end; and
a channel formed therein, the channel dispositioned at least partially
parallel to the longitudinal axis and
a flexible tube at least partially jacketing the elongated Nitinol strip between the
distal end and the proximal end, the channel and flexible tube defining a conduit.
3. A method for manufacturing a medical device flexible conduit comprising:
etching a channel into an elongated Nitinol strip;
forming a sharp head on a distal end of the elongated Nitinol strip; and
jacketing the flat elongated Nitinol strip with a flexible tube such that the flexible

tube and channel define a conduit.
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parallel to the longitudinal axis and a flexible tube at |east partially
jacketing the elongated Nitinol strip between the distal end and the

proxi mal end, the channel and flexible tube defining a conduit. 3. A nethod
for manufacturing a nedical device flexible conduit conprising: etching a
channel into an elongated Nitinol strip; formng a sharp head on a distal
end of the elongated Nitinol strip; and jacketing the flat el ongated
Nitinol strip with a flexible tube such that the flexible tube and channel
define a conduit. _12 4. A nethod for manufacturing a medical device

flexi ble conduit conprising: stanping a channel into an elongated Nitinol

strip; formng a sharp head on a distal end of the elongated Nitinol strip;
and jac%etingt

he fl.at el ongat.ed Nitinol, strip.with a.flexible tube such
that the-t | exitbIsto BEmanEeRtRa Ml st il ehduitcpprising
stamping a channel into an elongated Nitinol strip;
forming a sharp head on a distal end of the elongated Nitinol strip; and
jacketing the flat elongated Nitinol strip with a flexible tube such that the flexible

tube and channel define a conduit.
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