19 FEB 2004 GAS ASSI ST MOLDI NG OF ONE- Pl ECE CATHETERS BACKGROUND OF THE

| NVENTION Field of the Invention This invention relates generally to a

nmet hod of fornming an intravascul ar device and more specifically fdd FEB 2004
fabricating a catheter device. 5 Description of Related Art Intravascul ar
devi ces such as catheter assenblies are generally used for passing fluids
bet ween a device such as a syringe or a drip to or from body | unmens such as
veins or arteries, QRSMASESTIMOSDING ORONE-PRECECABIERERS assenbly usual ly
i ncludes a hub, a catheter tube, and a needle. An eyelet ring is typically
inserted into the cathet eﬁ@@ﬁﬂ\ﬁﬁ?mﬁw@ﬂ’ together with the
eyelet ring, is then inse i J I n € nose of the hub and
is secured to the hub by press fitting the eyelet ring within the nose of
the hub. This hub and tube assenbly is then nounted over a sharp needle

whi ch i sFieldoftthe bnnti@ohed to a plastic hub. The sharp tip of the needle is
used for piercing a body |lunen so that access may be gained into the body
| umen by the needle and 15 subsequently the catheter. Once the catheter and

the needl e argjkgpahaenelakispehtrllyady methodwof farmngaadngayascp ¢F€and
di scarded while the catheter tube remains in the body |lunen. A syringe or

a tube of drip is.the L 0. 4bBerREbiceo that fluids may be passed
t hr ough ‘lrffgrr‘l‘?ﬁ‘f)g%ﬁfbﬁcta Xr}ggﬁ‘%g{t&er %)ete/veenrt he drip or the syringe and the
body | unen. The hub is typically nmade of materials that provide sufficient
rigidity to 1

5 " Description of Related Art

: Intravascular devices sﬁch as catheter assemblies are generally used for passing
fluids between a device such as a syringe or a drip to or from body lumens such as
veins or arteries, or other internal target sites. Such an assembly usuafly inclﬁdes a hub,
a catheter tube, and a needle. An eyelet ring is typically inserted into the catheter tqbe.

10 The catheter tube, together with the eyelet ring, is then inserted into an opening in the
nose of the hub and is secured to the hub by press fitting the eyelet ring within the nose
of the hub. This hub and tube assembly is then mounted over a sharp needle which is
in turn attached t.o a.\ plastic hub. The sharp tip of the needle is used for piercing a body
lumen so that access may be gained into the body lumen by the needle and

15  subsequently the catheter. Once the catheter and the needle are located within the body
lumen, the needle is removed and discarded while the catheter tube remains in the
body lumen. A syringe or a tube of a drip is then attached to the hub so that fluids may
be passed through the hub and the catheter between the drip or the syringe and the

body lumen. The hub is typically made of materials that provide sufficient rigidity to



19 FEB 2004 securely attach drip lines thereto and the catheter tube is
usual ly made of a material which is flexible and soft to mnimze bodily
injury. Hubs used in catheter assenblies are generally made by usin$d FEB 2004
i njection nolding. However, over-the-needl e catheter tubes are usually
made by an extrusion process and 5 cut into short pieces instead of a
single injection nolded piece for two reasons. First, it 1is generally
considered inpractical to use a core pin of the sane length as the tube in
a conventional core pin injection nolding process. This is because the
core pinis often bent or broken in a high speed mapufac ur%ngpﬁnvi onnment
r esul tdepgrdlfaftacludeipt linivtherctorand thecathnter wbeds syl AFHPI§ RAGHUGNt by
those skilled in the art that the gas assisted 10 injection nolding process

cannot be,us cause . ; einrelation to the thickness
of theWBmMﬁgr‘ﬁﬁ%QBééagﬂ?h‘éﬁggﬁg? g{’?fng%'ge ted aspect ratio of greater

than 200. The aspect ratio is the length of the cylinder or tube divided
by the wall thickness of that cylinder or tube. Although plasili S
have been nHnb$ ased imdahhctergﬂsﬁﬁmébﬁ Bie gﬁnea?libf% &Py T%‘%’%gl?bgpg?ﬁg%?

manuf acturing as shown in United States Patent No. 5,620,639 issued to

St evengy 6 - qved-tRb 3Rkl Relef titSesvr b isdhlly ety by harexarusieh precess Rndst
t he gre%{%‘%erv%t’oqveg tﬂhgggpfeé% quite di fferent?fromt%at of an intravenous

catheter. A needle requires fhe presence of har | e Mt Rl
encs of cutiotnelsatt pioces dassend aba piglt Farqrin voIds PR AP Wb rBsarls R

system whereas an over-the-needl e catheter requires a bevel or 20 taper at

the di §talnefiIfl édhsMeled ifpracewil de uae awont pireof the sana leagth e erubg A ¢ he
vascul ar” system The bevel nust fit precisely over the needle to allow for

the s rrggrtupentional core pin injection molding process. This is because the core pin is often

bent or broken in a high speed manufacturing environment resulting in frequent down

time. Second, it is also generally thought by those skilled in the art that the gas assisted
10 injection molding process cannot be used because the length of the tube in relation to

the thickness of the thin wall exceeds the generally accepted aspect ratio of greater than

200. The aspect ratio is the length of the cylinder or tube divided by the wall thickness

of that cylinder or tube.

Although plastic needles have been manufactured using injection molding with
15  gas assist manufacturing as shownin United States Patent No. 5,620,639 issued to
Stevens et al., a plastic needle is very different than a catheter. First, the geometry of a
needle is quite different from that of an intravenous catheter. A needle requires the

presence of a sharp point on the distal end of the needle to ease the penetration of the

needle into the vascular system, whereas an over-the-needle catheter requires a bevel or
20 taper at the distal end in order to provide a smooth entry of the catheter into the

vascular system. The bevel must fit precisely over the needle to allow for the smooth



2 19 FEB 2004 entry of the catheter into the vascular systemwth the |east
trauma to the patient. Second, a needle requires the use of a high nodul us
material for the efficient penetration of the vascular systemin ¢ B FEB 200
to catheters that require flexible and soft materials to mnimze bodily
injury. Materials with tensile nodulii above 10,000 5 negapascals (MPa),
such as liquid crystal polyners and fiber-filled polyarnides, are

generally suitable for the production of plastic needl es whereas material s
with tensile nodulii of |less than 300 MPa are suitable for catheters.

Addi tionally, over-the-needle catheters nust have flomqyg%ss ?%yﬁhe fluids
that agry 6f the cattwtediedo the vaseuan systemvith addphitar iR PSO° R E Mat i onal

St andard "10555-5, whereas there is no such standard for 10 needles. It is

M ER Rt i h terfadfor the efficiemgt hy, sof t
Syp -& 8r?ci)1$lr%§2ﬁ1|eﬁ%s'€%f%rl‘ug:h madaliemater e efficiengt hy

and fIEERRY &NE ravasctl ar device that includes a bevel at the

distal end of the tube and a luer |ock at the prqxinmal... 19
FEB 20feheSbWARY thE vaMELANSERAAN cARRShiG %ﬁtp}ﬁteg% el rﬁ%‘f‘ﬁ% gegi;beléﬁﬁgtcg P ed

for manufacturing an integral one- piece catheter having a tube and a hub
by usi ng a?saﬁ, ﬁﬁﬁj&ﬁ'&@%oiﬂﬂj{yQﬁfd‘r N Nategiabowithr eositsmothidil above d088pr i ses
e | into a

feedi.rfé‘ n materi a . .Id.hfivingarmIdSF:avity. I n one .
of 3 hemegapasyais (VEBRIomh s paeh raned PERGTRER o ISP RS RE T o
e Ca;:r:r;rly suitable for the production of plastic needles whereas materials with tensile
modulii of less than 300 MPa are suitable for catheters. Additionally, over-the-needle
catheters must have flow rates of the fluids that are to be provided to the patient to
conform with ISO International Standard 10555-5, whereas there is no such standard for
10 needles. Itis therefore desirable to use a material capable of forming a lengthy, soft and

flexible tube for an intravascular device that includes a bevel at the distal end of the

tube and a luer lock at the proximal end of a hub.



tube portion of the nold. Wile the polyner is introduced into the cavity,
a fluid such as a gas is then injected through an inlet of the nnlq iﬂio
the material in the cavity formng a channel throughout the center gf HA0k
injected material. This nmay al so cause a 10 portion of the nolten pol yner
to be displaced by the gas into a spillover exit. Another enbodi nent of the
I nvention involves formng a first portion of an intravascul ar device
using a first material in a first nold. Thereafter the first portion of

the intravascul ar device is inserted into a second nold to forma second
portion using a second material. The second nold is fornmed on or around
the first nold. A fluid such_l5 as 0as N:- Il ect ed through an inlet
of the nold into the cavity DorYRVhyIE Ik LHE out the center of the
tube cavity. This may result in a portion of the nolten polyner to be

di spl aced by the gas into a spillover exit area. In yet another enbodi nent
of the invemai ar@adsidrel a Bethb@aredischseddbrimanufajtetingdn integrahoner st
material, an second portion of the cavity is injected with a second 20

material at or around the sa t t hat ' i hSldiimg ect ed
into tpiece ratheter hayinga @Bﬁﬂggd‘rli“ﬁghyW‘I}éé;%%%\é‘f’sﬁétgg?g F{t}% “E‘?}gh s a gas
is injected through an inlet of the nmold into the cavity. This causes a
porti \(,)\sskd&sé. MEheBletiRod pommyprizes feeding diclptramadenisl intea gaeldihavipg AP t o t he
nmold with excess material displaced into the spillover exit area. In

anof her enbadi ment of .t he | 1R mhfirBs iEhiRebd BBar bSirlkb €ké habyportiasur ed
to% p?aéi}ﬁ’n?[d“s%tl‘q ?%@gguﬁn%)%%gg&%?g%r%g?f%r' in both of the p?pevi ous

cases, a hollow channel is fornmed throughout the,cente f .th
cavi t yof the cavity. In another embodiment, the motten material is m]eciecP fned e iR ter

tube portion of the mold. While the polymer is introduced into the cavity, a fluid such
as a gas is then injected through an inlet of the mold into the material in the cavity
forming a channel throughout the center of the injected material. This may also cause a

10  portion of the molten polymer to be displaced by the gas into a spillover exit.

Another embodiment of the invention involves forming a first portion of an
intravascular device using a first material in a first mold. Thereafter the first portion of
the intravascular device is inserted into a second mold to form a second portion using a
second material. The second mold is formed on or around the first mold. A fluid such
15  as a gas is then injected through an inlet of the mold into the cavity forming a channel
throughout the center of the tube cavity. This may result in a portion of the molten

polymer to be displaced by the gas into a spillover exit area.

In yet another embodiment of the invention, a first portion of the mold is injected
with a first material, and a second portion of the cavity is injected with a second

50  material at or around the same time that the first material is injected into the first



Addi tional features, enbodinents, and benefits will be evident in view of
the figures and detail ed description presented herein. 5 19 FEB 2904 BRI EF
DESCRI PTI ON OF THE DRAW NGS The features, aspects, and advantages 1af pgghil
. invention will beconme nore thoroughly apparent fromthe follow ng detail ed
description, appended clainms, and acconpanying drawings in which: 5 Figure
1 shows the rheol ogical properties (i.e., viscosity versus shear rate) of
pol ypropyl ene. Figure 2 shows the rheol ogi cal properties (i.e., viscosity
versus shear rate) of a thernoplastic elastonmer sold under the trademark
of G- FLEXTM bl anded .\ t I | iecledVehitighoAr &8t of e mold ird0/ 20.
10 Fi gdi©& %ﬂehﬁbﬁs‘iﬁq’r‘.& rghgéﬁggﬁggﬁggr%%g? tﬁ'ih%‘ge(i .e., viscosity versus shear
rate) of a thernoplastic elastoper so|ld under the trademark, of, C M
bl endedhevatity. phhiggaugss apertian of W@if@H{t%PPg@HFr F@P‘F 8“%?3%@%.1}‘%5546@4
shows the rheol ogical properties (i.e., viscosity versus shear rate) of a
t her mopl agt | Ci SHASHBIEvidtbesfRteridledisplacedritl the spillivexEvitareadbn wi t h
15 pol ypropyl ene at a wei ght percent ratio of 90/ 10. Figure 5 shows the
rheol ogi cal properties (i,e,, Viscosi.t er
t her m@mshqr@r@b%@m?éro(féhﬁ’ irteRion thected 29 Fﬁgﬁﬁr@é@@?ﬁ%@%dgﬁ e 6
shows the rheol ogi cal properties (i.e., viscositK versus shear rate) of
5 prevent spillover of excess molten polymer. In both of the previous cases, a hollow

channel is formed throughout the center of the tube cavity.

Additional features, embodiments, and benefits will be evident in view of the

figures and detailed description presented herein.



OCRI LONTM pol yuret hane. 6 19 FEB 2004 Figure 7 shows a one-pi ece catheter
device that is fornmed by practicing the invention. Figure 8 shows a top
view of a nold used to forman intravascul ar device in accordancel WrEh7lih
enbodi nent of the invention. 5 Figure 9 shows the nold of Figure 8 wherein
nmolten material is injected into the nold though the hub side of the
cavity. Figure 10 shows the nold of Figure 8 wherein a fluid such as a gas
enters the nold in order to cause the polyner to nove through the hub side
of the cavity. Figure 11 shows the nold of Figure 8 filled with nolten
material and wwth a 10 holl ow channel forned by the passage of gas through
the cavity. Figure 12 HETTERG (o raWINdde nold of Figure 8
wherein the first hal giﬂﬁf @E%Eﬁ ﬂ&.’i?t?fmfemﬁm d are separated. Figure
13 shows a top view of a nold wherein a fluid is introduced through the
tube of the catheter device in accordance wth an. enb ? ment of the

i nvention. Thefeajures, Qﬂpmmldﬁﬂ‘{aéﬂaﬁﬁt(grtw nyentian ‘é’gl YE R Eavi ti es
for formng two catheters in accordance with an enbodi nent of theqd

i nvent | ' [ToMTS it Ethibdd aescripgicr) appghdedelatmsj and t ube
of the&gd;toﬁgbgréﬁe\%%ﬁ%t he Flg?f:%wc‘)ga?as passi ng {pﬁrouggpt he tube in

accordance with an embodi rent .gf the invention.
accompanying drawings in whach:

5 Figure 1 shows the rheblogical properties (i.e., viscosity versus shear rate) of

polypropylene.

Figure 2 shows the rheological properties (i.e., viscosity versus shear rate) of a
thermoplastic elastomer sold under the trademark of C-FLEX™ blended with

polypropylene at a weight percent ratio of 80/20.

10 Figure 3 shows the rheological properties (i.e., viscosity versus shear rate) of a
thermoplastic elastomer sold under the trademark of C-FLEX™ blended with

polypropylene at a weight percent ratio of 85/15.

Figure 4 shows the rheological properties (i.e., viscosity versus shear rate) of a
thermoplastic elastomer sold under the trademark of C-FLEX™ blended with

15 polypropylene at a weight percent ratio of 90/10.

Figure 5 shows the rheological properties (i.e., viscosity versus shear rate) of a

thermoplastic elastomer sold under the trademark of C-FLEX™.

Figure 6 shows the rheological properties (i.e., viscosity versus shear rate) of

OCRILONTM polyurethane.



7 19 FEB 200k Figure 16 shows that the nolten material has filled the
cavities of the nold and w th a holl ow channel fornmed by the passage of
gas through the cavity in accordance wth an enbodi ment of the iny Eéﬁ
Figure 17 shows the first half of the nold being separated fronlthéﬁg &&
half of 5 the nold in accordance with an enbodi nent of the invention.
Figure 18 shows a first portion of an intravascul ar device such as a hub
that has a base or connector in accordance with an enbodi nent of the

i nvention. Figure 19 shows the sane nold as Figure 17 except the nolten

pol ymer has been _injected into a portion. of, th i ipg pol yner
i s begi nni nglglufes?o‘}h%‘i’?f9@@‘@%%%@?%5%@%4‘% 1§rf]£%ﬁ%cg%¥r r)réf: ﬁg@é he

i nvention. Figure 20 shows the hub cavity filled with polynmer in accordance
Wi th ap,&Hies ment of the invention. Figure 21 shows the first half of the

nol d separated fromthe second half of the nold in accordance with an
enbodi nent of the invention 15 Figure 22 shows the hub that was fornmed in

Figures 18-20 is jnserted int PG BitEREeu Mirtdevade in
enbodi nent fg‘H‘?eA é}?%ﬁ?ggﬂ.v“%fg’éraéﬁg S ov\g) ﬂg nol d wherein nol ten pol yner
has been fed into a portion of the tube cavity in accordance with an

enbodi peasrdaficé dth mv enthicohimest oHtirEBVEDHGN.

5 Figure 9 shows the mold of Figure 8 wherein molten material is injected into the

mold though the hub side of the cavity.

Figure 10 shows the mold of Figure 8 wherein a fluid such as a gas enters the

mold in order to cause the polymer to move through the hub side of the cavity.

Figure 11 shows the mold of Figure 8 filled with molten material and with a

10 hollow channel formed by the passage of gas through the cavity.

Figure 12 shows a cross-sectional view of the mold of Figure 8 wherein the first

half and second half of the mold are separated.

Figure 13 shows a top view of a mold wherein a fluid is introduced through the

tube of the catheter device in accordance with an embodiment of the invention.

15 Figure 14 shows molten material injected into two cavities for forming two

catheters in accordance with an embodiment of the invention.

Figure 15 shows molten material moving through the cavity tube of the catheter

with the force of gas passing through the tube in accordance with an embodiment of the

invention.



Figure 24 shows the progression of the nolten polymer noving fromthe

proxi mal portion of the tube to the distal portion of the tube in
accordance with an enbodi ment of the invention. Figure 25 shows t??FEBZWﬁ
pol ymer continuing to nove to the distal portion of the tube 5 in
accordance with an enbodi nent of the invention. Figure 26 continues to show
the gas being injected into the gas pin and the polyner has alnost filled
the tube cavity in accordance with an enbodi mrent of the invention. Figure
27 shows that the gas injection has been térmnated at the gas pin and the

10 tube cavity is filled with polymer |n. accor.da W §.h | of
the inventi BE“fFilélfh@WZﬁBthéﬁ%&é’ll%ﬁf?géeéﬁiﬁﬁﬁﬁﬁga%ﬁﬁga%lgfe ?(@\gve gﬁi{lﬁ%g{dt i on
of the tube formed for the intravascul ar device in accordance with an

enbodi @At 2 RbIIGWECHARY @D Fdraied By the pasageludgas theughr the chulty inkceordanse d
separated fromthe second half of the nold in accordance wth an enbodi nent

of the inventiogn., 15 Fip re. 30 shows an apparatus used to rotate the nolds
to difpad embodimgpt o Hrfeglﬁ'?'gnégnshoms the hub and tube cavity of the
one-pi ece catheter and a portion of an apparatus used in nulti-conmponent
i njection nolding in accordance with an enbodi nent of the inventi 3,6_“9 f19
FEB 1004 Fi Figwred7 shivovssthedinsthal of yhe mald being eeparpiedifrom e seren o
cavity in accordance with an enbodi nent of the invention.

5 the mold in accordance with an embodiment of the invention.

Figure 18 shows a first portion of an intravascular device such as a hub that has a

base or connector in accordance with an embodiment of the invention.

Figure 19 shows the same mold as Figure 17 except the molten polymer has been
injected into a portion of the hub cavity and the polymer is beginning to solidify in

10 accordance with an embodiment of the invention.

Figure 20 shows the hub cavity filled with polymer in accordance with an

embodiment of the invention.

Figure 21 shows the first half of the mold separated from the second half of the

mold in accordance with an embodiment of the invention.

15 Figure 22 shows the hub that was formed in Figures 18-20 is inserted into a

second mold in accordance with an embodiment of the invention.

Figure 23 shows a mold wherein molten polymer has been fed into a portion of

the tube cavity in accordance with an embodiment of the invention.



Figure 33 shows an insert noving to a position allowing the first cavity
and the second cavity to be in comunication with one another in
accordance with an 5 enbodi nent of the invention. Figure 34 shows afl8dER 2004
wherein the hub has been fornmed by a polymer and a portion of the tube is
formed in accordance with an enbodi nent of the invention. Figure 35 shows
polymer filling a portion of the tube cavity in accordance with an

enbodi ment of the invention. 10 Figure 36 shows the hub and tube have been
formed in accordance with an enbodi ment of the invention. Figure 37 shows a

plurality of_,cavitjies in,a I r ; bgure 38
shows a nol & lﬂﬁ'{%ﬂh‘ﬁl‘?“l‘rf)#ée ﬁg({ﬂq‘?%z(ggf) g?n% lglro @eﬁﬁ g?trag\g/?a@%% gforget\l}ibces. 10
19 FEB 2004 DETAI LED DESCRI PTION OF THE I NVENTION In the description that

f ol | owssrokineali portion afithe subketathehdigtahiportior pé thaaberip acsprekance Witk 8Bdi nent s
thereof. It will, however, be evident that various nodifications and

changes Y, .hbe r{%??h ﬂ—ﬁ}'%ttf?m"“ t hout departing fromthe broader spirit and
it R Ehg fjerhal

scope I'nventiron as set forth in the clainms. The specification and
drawi ngs are, accordingly, to be regarded in an illustrative rather than a

restrictive sense. One enbodi rent of the invention relates tq.form

one- pi ece cdiigure?s ghows thgypelysmey cantinyjiag £¢ W%ﬁO&ﬁ‘ﬁéﬁ#aﬁH?ﬁb%ng@ %"’f%e
mat eri al described bel ow. The catheter nmay be formed by using two separate
cavist i 6f akbstidaines With hhlesibdiifrien®bf dilirventdionnd

Figure 26 continues to show the gas being injected into the gas pin and the

polymer has almost filled the tube cavity in accordance with an embodiment of the

invention.

Figure 27 shows that the gas injection has been terminated at the gas pin and the

10  tube cavity is filled with polymer in accordance with an embodiment of the invention.

Figure 28 shows a cross-section of the hollowed out portion of the tube formed

for the intravascular device in accordance with an embodiment of the invention.

Figure 29 shows the first half of the mold separated from the second half of the

mold in accordance with an embodiment of the invention.
15 Figure 30 shows an apparatus used to rotate the molds to different locations.

Figure 31 shows the hub and tube cavity of the one-piece catheter and a portion

of an apparatus used in multi-component injection molding in accordance with an

embodiment of the invention.



10 portion. Additionally, a first polynmer and a second pol ynmer may be
injected into each cavity. In another enbodi nent, a one-piece catheter may
be formed froma single cavity using one polyner. In another e”bﬂpfﬂFHMGOf
the invention, a connector such as a luer |ock may be formed. The | uer

|l ock allows for the fastening of external delivery tubing to the hub of
the intravenous device. 15 There are significant advantages to using gas
assist injection nolding manufacturing in order to forma one-piece

cat heter tube and hub conpared to the conventional nmethod of injection

nmol di ng of the huyb, extrusjon of the.t . ' th of these
el enent s usf@rﬁggéPBWthOifﬁ% p&&'smgrsgeid;'?‘?? ﬁ?ﬁ??gﬁ’?%}agﬁhﬁgﬁﬁﬁﬁf acture of
a one-piece catheter typically costs less than that of the traditional 20
net hodadesedarice withufneerhbodimerntaifttbe énveritian., (a) injection nol ding of the
hub, (b) 11 19 FEB 2004 extrusion of the catheter tube, and (c) the
assenbly of both using an eyelet). Mreover, the time used for formng a

one- pi ece cphet o oy Jsealliedn By i depsaRBnallavinggha firsi cagity gabtimssi st

injection p HES e ‘one-pl ece catheter gas assist i njection nolding
process is also | ess conplicated than the conventional roce&ggﬁ1 listed in
(a) thseogld dayjty3ogredi pisasionpyithaneAlatheL N aceprgaAnee of nore
pieces is not required of the device formed from practicing the invention.

Addy ti QHI%o'deehESfH{’eViﬁbeﬁﬁoﬁ.he distal end of the tube does not have to be
formed "usi ng subsequent thermal or |aser operations because the nold

i ncorporates the bevel shape directly into the nold itself. Quality and

productivit )f:iélfrea:hss (jv&]scz; %%ﬁﬁqrv 109G 9 RGs BLES fordisd BF 2 pdlymer and a

portion of the tube is formed in accordance with an embodiment of the invention.

Figure 35 shows polymer filling a portion of the tube cavity in accordance with

an embodiment of the invention.

10 Figure 36 shows the hub and tube have been formed in accordance with an

embodiment of the invention.

Figure 37 shows a plurality of cavities in a mold used to form a hub and a tube.

Figure 38 shows a mold with multiple cavities for forming intravascular devices.

10



10 manufacturing process. For exanple, when a hub and a tube are separately
formed, the hub nay have a defect at the nose section of the hub tﬁfﬁ nﬁy
not be noticed until after a hub is fitted to a tube. A |arge anDJ ﬂ% |
hubs may have been formed before the defect is discovered thereby
decreasing productivity. Simlarly, in traditional manufacturing, tubing
produced with dinensional errors results in nunerous tubes 15 that nust be
di scarded. I n conparison, a one-piece catheter elimnates this problem by
formng the entire one-piece catheter simultaneously or at about the sane
time using a nold that incorporates the precise dinensions required by a
particul ar catheter device. 004 | n dj Lon provided

bel ow, the materi al sling G SESERIIAON Pyt B L nvention are
provi ded foll owed by the dinensions of the portions (e.g., hub and tube)
of the one-piece catheter that nmay be fabricated practicing the invention.
Ther eaft er, 1 {EPHOUS; AP ESTI G ©fthb ey dritioanis idescrabed pritis eferuice 5o

Sel ection o% Mat erial’ for Hub A variety of materials may be used to
practice the invention. Material .selection_for, th : kLS
based apemh%@wpalnmﬁa&%%\%@uéhWé'ifeff%%Ye&gP%SY‘dﬁ%g%a%% é'gdlg(llhgg.lf?&\?ﬁ él(%osi ty
vs. shear rate), flexural nodulus, the hardness of the material, and nelt
flow ﬁﬁds:hﬁﬂﬁesi malyi lpLmade théretd hathmitetepaténg from thebrassles spirit aRbsEIRE t he
sl ope of 10 the viscosity and shear rate is approxinmately the absolute

val ye of 1.0 poj. . BRI k&M Brslarghows t he

r heol o h:lhqlnﬁggbéﬁtﬁsggggﬁﬁ@ﬁrgéﬁﬁiél-.le é:@l’cgur el ?}ﬁ taﬁg‘}rﬂl I%r ovi des a sl ope

of -0.433. Figure 2 shows the rheol ogical properties of.
accordingly, to be regarded in an illustrative rather than a restrictive sense.

One embodiment of the invention relates to forming a one-piece catheter using
gas assist injection molding manufacturing of material described below. The catheter
may be formed by using two separate cavities that form a first portion and a second

10 portion. Additionally, a first polymer and a second polymer may be injected into each
cavity. In another embodiment, a one-piece catheter may be formed from a single
cavity using one polymer. In another embodiment of the invention, a connector such as
a luer lock may be formed. The luer lock alloWS for the fastening of external delivery

tubing to the hub of the intravenous device.

15 There are significant advantages to using gas assist injection molding
manufacturing in order to form a one-piece catheter tube and hub compared to the
conventional method of injection molding of the hub, extrusion of the tube, and
assembling of both of these elements using an eyelet. The gas assist injection molding
manufacture of a one-piece catheter typically costs less than that of the traditional

20  method used to manufacture a catheter (i.e., (a) injection molding of the hub, (b)

11



a thernopl astic elastomer sold under the trademark - |
pol ypropyl ene. There is a 80/20 by weight ratio of CC):f FEE|>:('II_'I\E/Ix;r(l\)/I olended with
pol ypropyl ene. 15 Figure 2 further provides a slope of -3.16. Figurd k8 20
shows the rheol ogical properties of a thernoplastic elastonmer sold under
the trademark of C FLEXTM bl ended with polypropylene. There is

approxi mately a 85/ 15 ratio by weight of CGFLEXTMto polypropylene. Figure
3 further provides a slope of -0.82. Figure 4 shows the Theol ogi cal
properties of a thernoplastic elastoner sold under the trademark of C 20

FLEXTM wherein, the ratio wei,ght,.of . .C- '
appr oxaxiEsien,of é'@(cféﬁetﬁf B,ﬁ%/eeagdg%}r ér &55% i des glg’lmo%gﬁgy m-%ﬁ%“.@%?gelf}e 5
shows the Theol ogical 13 19 FEB 2004 propertjies of a tp\ernoﬁ‘gl Fst.i C

p

el ast qipItime used fsieforining b omeepiacacatheler i rdmoed dugdpdhesage Pt HENER ov|
sl opes of approximately -1.54 and -2.26. It is pr;‘f@erabl e to use Cfﬁlg\lﬂzgi(‘eri/l

(90A) or agnatg%ﬁffigﬂﬁﬁé%ﬁ?é;é}%g&%m@ or@.@f@,@é&émt& sBsignirijectiorgmodding  Mel t

fl ow ensitive |
preferred as shown b t
such as a slope of an 5 absolute value of 1 or greater ! yr%mé <ho Sl?ﬁg
r heol ogiocess ipatsedess exmplicated shamythe eRMHETAP, B{F%&Sfl?ﬁg@e{ﬁg&)t ra%‘%g of
%@I IEg\SI'M g_géyuér,et hane )!(:fa pro:sr@.i etary polyurethane of Johnson & Johnson
ividef aBoPd CFore a!rﬂ%l'é,e elrfoly 6f fwo Balrherelpipeasiis des reqeiwedef fhef sone

of X hePd] opeés ?aﬁen l?romt e curvesy 10 presented in Figures 1-6. ﬁ

device formed from practicing the invention. Additionally, the bevel at the distal end of

the tube does not have to be formed using subsequent thermal or laser operations

because the mold incorporates the bevel shape directly into the mold itself.

Quality and productivity is also increased using the one-piece gas assist

10 manufacturing process. For example, whena hub and a tube are separately formed, the
hub may have a defect at the nose section of the hub that may not be noticed until after
a hub is fitted to a tube. A large amount of hubs may have been formed before the

~ defect is discovered thereby decreasing productivity. Similarly, in traditional

manufacturing, tubing produced with dimensional errors results in numerous tubes

15  that must be discarded. In comparison, a one-piece catheter eliminates this problem by
forming the entire one-piece catheter simultaneously or at about the same time using a

mold that incorporates the precise dimensions required by a particular catheter device.

12



19 FEB 200 Table 1 Shear Sensitivity of Selected Polyners Summary of Sl ope

D ata Tenperatures C) Sl ope TypePol ymer Nyl onULTRAM D B3TM250- 0. 003

Pol ypr opyl enepol ypr opyl ene210- 0. 433 Pol ypropyl ene80/ 20 C FLEXTM

pol ypr opyl ene210- 3. 16 Bl ends2 85/ 15 C- FLEXTM pol ypro

pyl ene210-0.8 90/ 10
C- FLEXT14/ pol ypropyl ene210-2.49 90/ 10 C FLEXTM pol ypropyl enel75-7.8
Ther nopl asti cC FLEXTM 90A (d ear) 210- 1. 54 El ast onmer G- FLEXTM 90A ( Wi

t 0210-2. 26 ABS/ Pol yur et hanePREVAI LTM 3050230- 0. 073 Bl end220-0. 61 210-1. 95

El ast omeri cPol yet her am de ( PEBAXTM 265-5. 56 Pol yam des250-
Pol yur et haneOCRI LONTM210- 6. 7 M y es250-5

10

15

20

In the discussion provided below, the materials and equipment used to practice
the invention are provided followed by the dimensions of the portions (e.g., hub and
tube) of the one-piece catheter that may be fabricated practicing the invention.

Thereafter, numerous embodiments of the invention are presented.

Selection of Material for Hub

A variety of materials may be used to practice the invention. Material selection
for the hub and the tube is based upon several factors such as rheological properties
(i.e., viscosity vs. shear rate), flexural modulus, the hardness of the material, and melt
flow. Asshown in Figures 1-6, the materials should be selected wherein the slope of
the viscosity and shear rate is approximately the absolute value of 1.0 poise®seconds or
greater. For example, Figure 1 shows the rheological properties of polypropylene.
Figure 1 further provides a slope of -0.433. Figure 2 shows the rheological properties of
a thermoplastic elastomer sold under the trademark of C-FLEX™ blended with
polypropylene. There is a 80/20 by weight ratio of C-FLEX™ to polypropylene.
Figure 2 further provides a slope of -3.16. Figure 3 shows the rheological properties of
a thermoplastic elastomer sold under the trademark of C-FLEX™ blended with
polypropylene. There is approximately a 85/15 ratio by weight of C-FLEX™ to
polypropylene. Figure 3 furt-her provides a slope of -0.82. Figure 4 shows the
rheological properties of a thermoplastic elastomer sold under the trademark of C-
FLEX™ wherein the ratio by weight of C-FLEX™ to polypropylene is approximately

90/10. Figure 4 further provides a slope of -2.49. Figure 5 shows the rheological

13
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In addition to rheol ogical properties, the flexural nodulus of the materi al
is considered in selecting a polyner. The flexural nodulus of the catheter
tubing that is 5 fabricated shoul d be approxi mately 50,000 psi or Hi%F&d 2004
when the catheter tubing is dry and |ess than 35,000 psi when the catheter
tubing is hydrated. A flexural nodulus approximately in the range of
25,000 psi and beloy is preferred for a catheter tubing that is hydrated
and 85,000 psi to 150,000 psi is preferred for a catheter tubing that is
dry. 10 The hardness of the material is also considered in selecting a
polymer. Materials

hi bi t i har d | mat el j 40
o 75 opeeties o(a fhesmaplaiis <o SE S003" Bk auity of G Xee TR

conventional materials that may be used in this nolding process far the

hub | nghifiber proRAded abpasofajsprorimanly e1.59 hode2 260 ltip pogigraliie o PEELONTM and

fl uoro- copol ynmers such as fluorinated ethyl ene propyl ene

I FEP) , bl end t : Mam ' ,
b0t yesroRx (0A)stpanventraemEhtolPbial prod Bty it Mo FRETRTIER fox

OCRILONTM resin, a proprietary optically clear radi opaque }E)ol Xu et hane
f rom Jaansohiphly sheracenbitiviedspréferaties showt by agtenp slopg gech 2 fiét&%‘f M

and TECOTHANETM comrerci ally available from Thernmedics, Inc. located in
Wbur n, Mi\ssachuseE ) g@{_ends of OCRILONTM resin, TECOFLEXTM
5 absolute valué o oréé,[iL ater.

Figure 6 shows the rheological properties of a polyurethane available under the
trademark of OCRILONT™ polyurethane (a proprietary polyurethane of Johnson &

Johnson Medical). The slope in Figure 6 is 6.7.

Table 1 provides a summary of some of the slopes taken from the curves

10 presented in Figures 1-6.

14



and TECOTHANETM  pol ycar bonat e- based pol yur et hanes such as CARBOTHANETM
commercially available from Thernedics, Inc., |located in Wburn
Massachusetts and bl ends of 15 OCRILONTM TECOFLEXTM and TECOTHANETWEB 2004
Synthetic thernoplastic elastoners (e.g., polyolefins filled with
styrene-et hyl ene, butyl ene-styrene block copol ynmer and pol ydi net hyl

sil oxane, etc.), an exanple of which is comercially available as G FLEXTM
from Consol i dat ed Pol ymer Technol ogies, Inc. located in Largo, Florida;
Sant oprene(r) thernoplastic rubber 20 (highly cross-1inked rubber particles
di spersed throughout a continuous thernoplastic matrix); commercially

avai | abl e_from Advanced Fl astoner Syst ens——Akror—OH—etc—16—19FEB2004
Acrylioni tril e-but adi ene-styrene (ABS pol yur et hane bl ends such as PREVAI LTM
comerEibie 1\S leaziSealsitivity ofSBlreteshBaittBPIS Pl astics Division, |ocated in
M dl and, M chi gan; Liquid crystal polynmers (e.g. 2-napt haI ene carboxylijc
aci d, ﬁuﬁﬁmwa@lwemﬁtymr 5with 4 (acetyloxy) benzoic acid aromatic
l'i qui ﬁélst ar—pol yesfer, etc. ) FoX cially. avpTesiperabge(EQRATRIOPOM
Ti cong B oo vi-ston—ofTHoecths LH}"IW Ibl}ﬁw Jer sey) andzggYDARTM f r do@sogo
Pol Yy ){IOHI nc_ located in—-Al ettt ceorgra; \lyl o1ms 2\-@ . HIl_:‘j&&@l Ny
avai | |ddlppeopyleRAM D! B3TM Ny POWRIOP et Bibrced—nyheoy 5
commerFdIgbtapyleaé | abl ¢ 30/ QCBEBEXTH/ polyproprlsRecht od | 210 3
Blends
85/15 C-FLEX™/polypropylene 210 -0.82
90/10 C-FLEX™/ polypropylene 210 -2.49
90/10 C-FLEX™/ polypropylene 175 -7.8
Thermoplastic C-FLEX™ 90A (Clear) 210 -1.54
Elastomer
C-FLEX™ 90A (White) 210 -2.26
ABS/Polyurethane PREVAIL™ 3050 230 -0.073
Blend
220 -0.61
210 -1.95
Elastomeric Polyetheramide (PEBAX™) 265 -5.56
Polyamides
250 -5
Polyurethane OCRILON™ 210 -6.7

In addition to rheological properties, the flexural modulus of the material is

considered in selecting a polymer. The flexural modulus of the catheter tubing that is

5 fabricated should be approximately 50,000 psi or higher when the catheter tubing is dry
and less than 35,000 psi when the catheter tubing is hydrated. A flexural modulus
approximately in the range of 25,000 psi and below is preferred for a catheter tubing
that is hydrated and 85,000 psi to 150,000 psi is preferred for a catheter tubing that is
dry.

10 The hardness of the material is also considered in selecting a polymer. Materials
exhibiting a hardness approximately in the range of 40 to 75 shore D is preferable.
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10 Wandotte, M chigan. Polyether nylons such as PEBAX 6333TM and PEBAX
2533TM commerci al ly available fromEf Atochem North America, |nc. ’@ggﬂ %m
i n Philadel phia, Pennsylvania. Although this [ist of conpounds prov

types of materials that generally may be used wth the process described
herein, it is to be appreciated that the invention is not limted 15 to

t hese conpounds and other |ike or simlar conpounds or materials nay al so
be used. The preferred hub material to be used is C FLEXTM and
Santoprene(r) thernoplastic elastomer. Wth this type of material, the

preferred barrel .te rat ur [ | - BA%m driadthissmetd il
gas pressur?"ﬁgﬂ)&eﬁgp ,"-358?5966‘%“%3}@1# ﬁ%t?ﬁqggge ap%ygfgﬁfas?ed that the g
barrel tenperature for sone of the materials |isted above nay 20 reach
above Cpﬁ@c'e@sfcﬁouheduﬂmrlcmdé:i quid crystal polynmer may be heated to 350C. 17
19 FEB 2904 Sel ection of Material for Tube The preferred materials that may

be used for form LHeu LON™ yel flooteodlefidiy| ene
propyl e‘neP%lés’Bg‘ifW&?‘fF‘%g&f‘%%é‘ %{ﬁéggly}ﬁgggﬁ% Tltgd pol yol ef i ns such as

C- FLEXTM and Sant oprene(r) thernoplastic el aftorrer. | t \A@sgtp be% end

appr eci at expdlpmers suthopednesinated rthylens prap¥leng CAPIY TG nand Blends,

sul fate, bisnmuth conpounds and ot her suitable conpounds may be conbi ned
Wi tE t he {#ngfnateri al s. Radiopacity inducing agents permt a healthcare
worker to [ocate a tube in a body in case the tube is broken and noves to

UECINE PRI R ) e e
¢ polyesters;

« polyurethanes such as OCRILON™ resin, a proprietary optically clear radiopaque
polyurethane from Johnson & Johnson Medical located in Arlington, Texas;

10 TECOFLEX™ and TECOTHANE™ commercially available from Thermedics, Inc.
located in Woburn, Massachusetts and blends of OCRILONTM resin, TECOFLEX™
and TECOTHANE™;

» polycarbonate-based polyurethanes such as CARBOTHANE™ commercially
available from Thermedics, Inc., located in Woburn, Massachusetts and blends of

15 OCRILON™, TECOFLEX™, and TECOTHANE™.

» Synthetic thermoplastic elastomers (e.g., polyolefins filled with styrene-ethylene,
butylene-styrene block copolymer and polydimethyl siloxane, etc.), an example of
which is commercially available as C-FLEX™ from Consolidated Polymer
Technologies, Inc. located in Largo, Florida; Santoprene® thermoplastic rubber

20 (highly cross-linked rubber particles dispersed throughout a continuous

thermoplastic matrix); commercially available from Advanced Elastomer Systems,

Akron, OH; etc.
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10 optimum material is selected fromany one of the materials |isted above
for the hub or for the tube except liquid crystal polyners. Equi pnment
Mol di ng machi nes that are nost appropriate to practice the inventigipggmg
hi gh 15 speed/ | ow pressure injection capabilities such as the N

NN35M TM machi ne commercially available from Daiichi Jitsugyo (Anmerica)

| ocated in Itasca, Illinois and equipped with a shut-off valve may be used
with this and ot her machi nes. These nachines are generally equipped with
two sets of different sized injection cylinders that are symetrically

| ocated and are diagonally opposed . .to each qther and are on,gi 0 side
of the*i haylonitrdedrwadiang stpreng{ARS aﬁoﬁﬂ-‘lﬁaaﬂer@‘éﬂ dich ?%’c’ﬁ%@fﬁ'e (e.g.
vol une of the chanber as defined by |ength and the inner dianeter of the
cyl i ndri cRnrabam1ey hvailath8 fitin Bicv Clednichle Phystica Divisidmjented n Midladr  as
a pressure control” wth the flow control valve substantially open. A
single ca&%&g t ool shoul d use the high speed/ |ow pressure injection

nmol di ng H¥with a | ow cl anpi ng tonnage such as in the range of 15 and
50 tons. A screw dianmeter of 18 nmis preferred. The shot size used should

be | ess ighrhcerystal puiperrs g 2mapthaleneicasbaxylic anig, 6atetylpxampger (e. g.

up to 150 tons) nmachine nmay be required with shot sizes |arger than 4

ounges: I SRR BRI Mot Ay Allppyes ) ohmncritet
ocat ed. iavalloblessECTRA from Ticona, a division of Hoechst (Subtnit, New JErse) ' ©
and XYDAR™ from Amoco Polymers, Inc. located in Alpharetta, Georgia;
e Nylons (e.g., commercially available as ULTRAMID Bs™ Nylon 6, and fiberglass
reinforced nylon 6 commercially available from BASF Corporation located in
10 Wyandotte, Michigan.
« Polyether nylons such as PEBAX 6333™ and PEBAX 2533™ commercially available
from Elf Atochem North America, Inc. located in Philadelphia, Pennsylvania.
Although this list of compounds provides types of materials that generally may be used
with the process described herein, it is to be appreciated that the invention is not limited
15  to these compounds and other like or similar compounds or materials may also be used.
The preferred hub material to be used is C-FLEX™ and Santoprene®
thermoplastic elastomer. With this type of material, the preferred barrel temperature
range is 175-300°C and a preferred range of gas pressure used is 1,000-4,000 pst. [t will

be appreciated that the barrel temperature for some of the materials listed above may

20  reach above 300°C. For example, liquid crystal polymer may be heated to 350°C.
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10 Virginia). Preferred gas assist machines are those that

controlling multiple gas pressure phases. Cavity EXnension2r$hgagge!$yOf
size varies with the gauge of the catheter tube to be fabricated. FdtFEB 2004
exanpl e, the outer diameter of the catheter tube nade by the invention
includes large 15 12 gauge such as 0.112 inches to small 26 gauge such as
0.0216 inches. The inner diameter of the catheter tube ranges from0.1 to
0.021 inches. The length of the tube ranges from2-1/2 to 1/2 i nches. The
hub has an inner dianeter that ranges fromO0.159 inches to 0.179 inches

and an outer dianeter that.ranges f . ' i

provi des some exanpl es of shEREGR ot Mt ok TS 12 0 02 L Cer ibes.

20 However, it will be appreciated that other dinensions nay also be used

t ]9 Er gcf[ ice the invention. 19 19 FEB 2004 Ta‘ké):re .2 _Exanmpl es Pf ' o ioNS

of Fabr | cat Bk prtfered ioaterialstthatregy brspsd 60t FTNNGERS LLAREH 4 FoREy Aot or
(e.g. fluorinated ethylene propylene copolymer), polyurethanes, rubber-filled
polyolefins such as C-FLEX™ and Santoprene® thermoplastic elastomer. It will be

5  appreciated that radiopacity inducing agents such as tungsten, barium sulfate, bismuth

compounds and other suitable compounds may be combined with the tube materials.
Radiopacity inducing agents permit a healthcare worker to locate a tube in a body in
case the tube is broken and moves to a different location in the body. In the
embodiment in which a one-piece catheter is produced from a single material, an

10 optimum material is selected from any one of the materials listed above for the hub or

for the tube except liquid crystal polymers.

Equipment

Molding machines that are most appropriate to practice the invention have high
15 speed/low pressure injection capabilities such as the NIIGATA NN35MI™ machine
commercially available from Daiichi Jitsugyo (America) located in Itasca, Illinois and
equipped with a shut-off valve may be used with this and other machines. These
machines are generally equipped with two sets of different sized injection cylinders that
are symmetrically located and are diagonally opposed to each other and are on either
20 side of the injector device. Injection molding machines use effective size (e.g. volume of

the chamber as defined by length and the inner diameter of the cylindrical chamber) of

18



D anmeter O TubeThi ckness Gauge O TubeO' TubeOr Tube 2.13 1.75 31 0
: . .19 14
2.131. 75560. 1914 1.701.38310. 1616 1.701.38560.1616 1.280.98440.1518

1.280.98310. 1518 1. 100. 80310. 1520 1.100. 80250. 1520
0 63 25 0.10 22 . 1. 100. 80440. 1520 YoF E832004

10

I5

20

the hydraulic injection cylinder as a pressure control with the flow control valve

substantially open. A single cavity tool should use the high speed/low pressure

injection molding machine with a low clamping tonnage such as in the range of 15 and
50 tons. A screw diameter of 18 mm is preferred. The shot size used should be less
than 4.0 ounces. For multi-cavity tooling, a large tonnage (e.g., up to 150 tons) machine
may be required with shot sizes larger than 4 ounces. Other conventional machines
with shut-off valves are also suitable for this process.

In conjunction with injection molding machine, gas assist machines are used,
such as the Bauer programmable NCU (Bauer Compressors located in Norfolk,
Virginia). Preferred gas assist machines are those that are capable of controlling
multiple gas pressure phases.

Cavity Dimensions

The cavity size varies with the gauge of the catheter tube to be fabricated. For
example, the outer diameter of the catheter tube made by the invention includes large
12 gauge such as 0.112 inches to small 26 gauge such as 0.0216 inches. The inner
diameter of the catheter tube ranges from 0.1 to 0.021 inches. The length of the tube
ranges from 2-1/2 to 1/2 inches. The hub has an inner diameter that ranges from 0.159
inches to 0.179 inches and an outer diameter that ranges from 0.31 inches to 0.32 inches.
Table 2 provides some examples of the specifications of different catheter tubes.
However, it will be appreciated that other dimensions may also be used to practice the

invention.
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0. 700. 50190. 1024 Figure 7 shows a one-piece catheter device 2 that is
formed by practicing the invention. The one-piece catheter device has a
tube portion 4 and a hub portion 6. It wll be appreciated that t fEBZW‘
portion 4 of the catheter device 2 is hollow therethrough. 5 This ho

central portion is formed by gas assist injection nolding. The hub portion
is hollowin the central portion of the hub portion 6. At the distal end of
hub portion 6 is nose 7. Nose 7 transitions into tube portion 4. Tube
portion 4 ends with a tapered bevel 5 at the distal end of tube portion 4.
20 19 FEB 2004 F'"““ s, 2—5h derapyention wherein

I njection nol di ng -abfe %3&8“‘&? é’%’fﬁl %@%Hﬁgﬁ?ﬁgﬁe gas (e.g.|, nitrogen,

air, helium arg Blithetersy (kphyyoduced through the hub portijpn of the
nold to assi st IIT(?T(IJI’ I’hﬁ}']g Zé on ,e)- ece ra'r heter hub —conporent. Because

the nolten polymgr enters ub gavijt yGalge hub is 5
general |y forned|fi ¥ olf| i@g& | al

)o;[\_§

atl o of tlhe tube. |C-FLEXTM and
Sant oprene(r) t herltiapheter | chﬂfa%t?brre THg’Sd &h‘b‘g‘r“etsﬁ operating conditions
provi ded bel ow, |i ©fqriber al IOf Thewalll e of ovier 96§ the known |initation of
havi ng an aspect [ Tatio >{200 but yet still] capable of providipg a reliable
product. Figure § s@:@ ne- hpkg cf the nol d usEH in manld actring a
one- pi ece cat het er—thob—conponent. second half 10 (not shown)|[first half
(15) and second ralf%ﬁO)] |slargted vvlgg the ilgustrated talf o formnold
10. Pressure may ge—t-o—thefrrst—tar 15 agai hst seconfd half 20, to

second half 20 again fir|st f 15 or,to pot | ves siqgil tapeously to
ensure that cavitly flm P35 31 .16

1.70 1.38 56 0.16 16
1.28 0.98 44 0.15 18 )
1.28 0.98 31 0.15 18
1.10 0.80 31 0.15 20
1.10 0.80 25 0.15 20
1.10 0.80 44 0.15 20
0.83 0.63 25 0.10 22
0.70 0.50 19 0.10 24

Figure 7 shows a one-piece catheter device 2 that is formed by practicing the
invention. The one-piece catheter device has a tube portion 4 and a hub portion 6. [t
will be appreciated that tube portion 4 of the catheter device 2 is hollow therethrough.
5 This hollow central portion is formed by gas assist injection molding. The hub portion
is hollow in the central portion of the hub portion 6. At the distal end of hub portion 6
is nose 7. Nose 7 transitions into tube portion 4. Tube portion 4 ends with a tapered

bevel 5 at the distal end of tube portion 4.
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25 is tightly fitted or forned. Cavity 25 has a first portion that provides
a tube and a second portion that provides a hub. 15 Mold 10 has aqgrﬁ H004
30 that allows nolten polynmer to enter nold 10. The nolten pol ymer suc

C- FLEXTM and/ or Santoprene(r) thernoplastic elastoner is introduced to
nold 10 at a pressure in the approxi mte range of 4,390 psi to 40,000 psi.
Additionally, the nolten polyner is generally nmaintained at a tenperature
that ranges from 175C to 220C. It will be appreciated that other pressures
and tenperatures are 20 possible depending upon the material used. The

pol yner then noyes 43l oHmehb ot hfe idivestbh ovhartirhimjertios. melding isEB
2094 The tﬁ%@féﬁ/%&ﬁ(&ﬁ@q’a%g@gggb meete a'? split line 22. At split line 22,

inlet for fluid flowis not open for fluids sych as njt i48edudéd .
hel i unuseak ayoha flatid such as ppest gap e@lg-rlﬂ!tfogﬁrbﬁ’rreﬁéufrﬁf %éeyrn’ %ﬁ‘@ﬁg nf.gﬁe feed
material such as a polyner spreading fromrunner 50 to hub 16 foép ot h

devi ceg, 3. RitAl hEbhorierfthe nisiromsbidt asfoFirng thaontrpicserathetay BHOof t he
pol ymer PoPis —on the cavity surface and begins to solidify. The solidified

pol ymer covers a larger, surface.of th ' of tige EAnE ahe tiubiied
pol ynesorspenent. fBefanse the E'Pitlgpgﬂﬂlgnﬁr e%ﬁ%%‘ffa%éﬁﬁ ty 011EE pol yrrert}?nt r oduced
into cavity 25 is controlled to a small quantity to all_waghe fluid to

advyncagﬁérau abpied first foblewddby thaforomationofshetabe of 4% 10 Figure

10 sho a fluid such as gas (e.g. nitrogen gas, air, helium argon, etc.)

gggeg Isgg{ui?rﬁ:légrtteé Qhér?ﬁoﬁ'lt&.lsgc Wstolher, 486d ndepiiosuradngcomiitiorsprovidedir e of
below, is generally capable of overcoming the known limitation of having an aspect
ratio > 200 but yet still capable of providing a reliable product. Figure B shows one-half
of the mold used in manufacturing a one-piece catheter hub component. A second half

10  (not shown) [first half (15) and second half (20)] is mated with the illustrated half to
form mold 10. Pressure may be applied to the first half 15 against second half 20, to
second half 20 against first half 15 or to both halves simultaneously to ensure that cavity
25 is tightly fitted or formed. Cavity 25 has a first portion that provides a tube and a
second portion that provides a hub.

15 Mold 10 has an inlet 30 that allows molten polymer to enter mold 10. The molten
polymer such as C-FLEX™ and/ or Santoprene® thermoplastic elastomer is introduced
to mold 10 at a pressure in the approximate range of 4,390 psi to 40,000 psi.
Additionally, the molten polymer is generally maintained at a temperature that ranges
from 175°C to 220°C. It will be appreciated that other pressures and temperatures are

20 possible depending upon the material used. The polymer then moves along runner 50

in the direction of hubs 16.
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hi gh as 9,000 psi when gas is introduced during the injection nolding
process. As the gas passes through tube 75, pressure builds at the

proxi mal end of hub 16 behind the polymer that was injected. This prdelSuiil
causes the polynmer to nove in the distal 15 direction of tube cavity 18. It
wi || be appreciated that although gas is shown to be introduced after the
polymer is fed into the cavity, the gas may be introduced sinultaneously
or about the sanme time as the nolten polyner is fed into the cavity. Figure
11 shows nold 10 having hub 16 and tube 18 filled with polyner but with a

hol | ow channel fornmed in_th be by .th T : 0 | fdrifigdcavi ty
25 20 generﬂ?ﬁwf’zi%z‘ées(ﬁgaf‘a@&%egr‘?agljﬁfiggég% %&S%ggﬁg%zf i‘émgtn exi t

channel into a spillover area 13 of the nold. .Alternativelé,é theTﬁr ci e
amount fg{y 8o bpah fosfluidstsurhsmitrogehgasy air,eligii AEPBACEx gater ?@ (]:
acconpl i shed by nmeasuring the amount of 22 19 FEB 2004 necessary pol yner

t hr ough. appl.yi ng a short f 8lasiaBAviiee spedaingfeomariiinet S0fto
pol yma?‘ﬁ}ggg fpgﬂ‘gajSﬁg{Vth%??eH éeﬁé{%lsﬁtasggiegsar yﬁ?%) prgvent spillover is
determ ned by adjusting the amount of polymer introduced into cavity 25.
Aft er hhb 1pdbybeth deeicésegun to solidify, Figure 12 shows nold 10 wherein

first 5 half 15 is separated fromsecond half 20. It will be appreciated

that first %@.e;%g%kﬁ»és hal a48se frkd a8 FiZide Shebeinmelagdr bbthy palyimer foyrmsr

vertically. I ntegral piece nmay then be renoved or ejected by a

Fi gur ongha sayiy surere bl begu Dol i SRRIAE Boleh e FRaTataett

Fi gures 8-12 show two devi ces being manufactured sinultaneously, qther
surface of the cavity compared to the solidified polymer shown in mold 10°of Figure 8.
The quantity of polymer introduced into cavity 25 is controlied to a small quantity to
allow the fluid to advance the polymer further into the cavity surface of mold 10.

10 Figure 10 shows a fluid such as gas {¢.. nitrogen gas, air, helium, argon, etc.)
entering inlet 70 for mold 10. The gas is introduced from a low pressure of 500 psi to as
high as 9,000 psi when gas is introduced during the injection molding process. As the
gas passes through tube 75, pressure builds at the proximal end of hub 16 behind the
polymer that was injected. This pressure causes the polymer to move in the distal

15 direction of tube cavity 18. It will be appreciated that although gas is shown to be
introduced after the polymer is fed into the cavity, the gas may be introduced
simultaneously or about the same time as the molten polymer is fed into the cavity.

Figure 11 shows mold 10 having hub 16 and tube 18 filled with polymer but with
a hollow channel formed in the tube by the gas. The process of filling cavity 25

20  generally takes 0.5 to 5 seconds. Excess polymer exits an exit channel into a spillover

area 13 of the mold. Alternatively, the precise amount of material is used and no

polymer is considered excess. This is accomplished by measuring the amount of
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10 devices such as a single device or nore than two devices, i.e., multiple
devi ces can be manufactured sinultaneously or at approximately th nﬁ
time. Preferably, a portion of the nold forns the bevel ed end of d%kﬁgk.nﬁn
this enbodi ment of the invention, a polyner is injected into the hub
portion of each of the hub cavities. The polynmer then fills the tube
portion and the bevel of each of the tube 15 cavities. Figures 13-17 show
anot her enbodi nent on the invention wherein gas is introduced through the
tube of the one-piece catheter and hub of nold 110. Figure 13 shows a top

view of nold 110 used to forma, one-piecg cat : dJiioahe 13
f urt henesdseawy polymarthrpagh PBBG@%% arsﬁé’r‘h%bo(‘tff%%at%{&‘a?ﬁgo%én 118 for two
devices. 20 Material such as a polymer is heated until the tenpelrl{ac;t%%e

r eachegl hi 8ol @b eked W adjustedtureilithe preount Tiesessary ENPERYIEPYEP 1s
enters the tube side of the cavity at inlet 130 of nold 110. Figure 13

further shows gas,.pin 140 in cQ ni ' ] GRS av 5.23 19 FEB
2004 R@hekﬁémlmsg bmﬁ;ﬁamfl&a%oyﬂp‘ﬁﬁeb%%@?&é’n 8‘? tube 118. Figure 13
al so shows spillover areas beyond hub 116 for the overfl of exce;;‘srst

pol yner. Fi qu&r thé ;aﬂ&iﬁﬂerﬁiae begun ¢e solidify gigura 32 Ghews peh YREEAR

entering inlet 140. ile the nolten nmaterial begins to spread within

cavilly g6 d or. hoLh. dRURSS.or] MF 0010l e preckhigshadrstuhdaocom y or

begiSnni roximal direction of ubes 118. Figure 15 shows

that th I h ti dto ad I . 118. - -
1;1555 (%gz;d 2%5) rr?g; b:e rrltlljaeted lc?ngain\x/ irrlxgﬁyaor%régncalfpygsfhe sihgle integral piece

may then be removed or ejected by a mechanism in the mold (not shown). The process
cycle represented by Figures 8-12 may then be repeated. It will be appreciated that
although Figures 8-12 show two devices being manufactured simultaneously, other

10 devices such as a single device or more than two devices, Le., multiple devices can be
marnuifactured simultaneously or at approximately the same time.

Preferably, a portion of the mold forms the beveled end of a tube. In this
embodiment of the invention, a polymer is injected into the hub portion of each of the
hub cavities. The polymer then fills the tube portion and the bevel of each of the tube

15  cavities.

Figures 13-17 show another embodiment on the invention wherein gas is
introduced through the tube of the one-piece catheter and hub of mold 110. Figure 13
shows a top view of mold 110 used to form a one-piece catheter and hub. Figure 13
further shows a cavity portion for the hub 116 and the tube 118 for two devices.

20  Material such as a polymer is heated until the temperature reaches the melt temperature
of the polymer. The molten polymer then enters the tube side of the cavity at inlet 130
of mold 110. Figure 13 further shows a gas pin 140 in communication with runner 150.
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Before the polynmer fills cavity 125, the anount of polyner entering the
cavity 125 is consuned. At this point, a fluid such as nitrogen gas, air,
hel ium argon, etc. enters 10 inlet 170 and noves toward the generféF |
direction of runner 150 until the gas contacts the nolten nmaterial?® UL@W
contacting the nolten material, the pressure begins to build behind the
nolten material and the gas pushes the nolten material along the interior
of cavity 125. The gas pressure is one of the contributing factors that
causes the polynmer to nove through the remai nder of the tube and hub

cavity creating an interior channel 15 through he cawi ty. Elgure 16
shows Rannes13D@&mennirates with the @étaiéngrﬂi F“ﬂ%ﬁé-i gﬂ%ﬁﬁﬁxﬂﬁﬁsg&ﬁ%l | ow
channel formed in the tube by the gas. After a certain time period such as

3-20 SeSARYS: afdie bEyBnd HubeFl6Tor theo@ildvaotexpsnpdiyaner.t he part s

ej ect edk gure ows first half 115 and second half 120 being
separated thereby allow ng the one-piece 20 catheter tube and hub devi ces

to be separated fromnold 110. The .process .L;epr . | L7
may  hon' beFigiseddanovthegiasiss oLBnee b st BB inglerisl ittty BelRt
of the invention wherein at |least two portions of the one-piece catheter
CONPONPilE B oRenahatlesial begine tospfeadewithiracasrityal 25 for koth dewigesy FgHrof
the intravascul ar device is nade using one naterial. For exanple, nold 210

has a ity far a hub in whi t . | JTRVA Jiglalgskebtioftof Mol d
21055 rgl‘g\f‘t‘ﬂéﬁ’ Mﬁ%"r“’@}@f‘é’a&grrnggﬁgggy ggﬁ%% ng platen in the nol ding
machi ne (not shown). A second material (or, alternatively, the sane

mat er i ahbes™@B. be i njected into a

Figure 15 shows that the polymer has continued to advance along tubes 118.
Before the polymer fills cavity 125, the amount of polymer entering the cavity 125 1s
consumed. At this point, a fiuid such as nitrogen gas, air, helium, argon, etc. enters
10 inlet 170 and moves toward the general direction of runner 150 until the gas contacts
the molten material. Upon contacting the molten material, the pressure begins to build
behind the molten material and the gas pushes the molten material along the interior of
cavity 125. The gas pressure is one of the contributing factors that causes the polymer

to move through the remainder of the tube and hub cavity creating an interior channel

15 throughout the cavity.

Figure 16 shows cavity 125 is filled with the polymer material but with a hollow
channel formed in the tube by the gas. After a certain time period such as
3.20 seconds, the two halves of the mold are opened and the part is ejected. Figure 17
shows first half 115 and second half 120 being separated thereby allowing the one-piece
20 catheter tube and hub devices to be separated from mold 110. The process represented

by Figures 13-17 may then be repeated.
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second cavity to forma second portion of the intravascul ar device such as
a tube. Figure 18 shows a first portion of an intravascul ar device such as
a hub 216 that has a base or connector 235. Connector 235 may be €% R 2084
mal e or female luer lock. 10 Nose 228 is forned at the end that opposes
connector 235. The di nmensions of the luer |ock should conformto |ISO

I nternational Standards 594/1 and 594/ 2. Nose 228 is subsequently coupl ed
to a tube portion of the intravascul ar device. Figure 18 further shows the
| ocation 232 of where the polynmer may be fed into the hub cavity. It wll
be appreciated, however, that the inlet to_the cavity for the hub for

i nj ecti ng ndfigeres18-2bshawe anatheriganbaskigteny Oéﬁlwm’re@hézpdﬁgem ah (f3stW Pt y .
For exanple, nolten polyner may be fed in at |ocation 225. Figure 19 shows

the sa rﬁh@%hﬁﬁ@&@éﬁc@?a%ﬁ&i% et ceﬁﬁﬂwe dtheasreivortiffepttmatdrads. been

I nj ect a porti cavity 216 and the polynmer is beginning to

sol i di f‘%.‘ Figure 20 shows first npld 210 erein the m)llﬁn ‘ﬁol%mer has
fi11 ed Adisstqortion of tbe misavyasayian dexnids madeesing onegpaterigh Fr R Rlfy. Thi s
process generally takes 1-3 25 19 FEB 2004 seconds. Although gas assi st

i nj ect i AP0 ésvifofor il Whidlsthd b postidrumayehe formed firss. Maldelld)
could be used in form’'ng nose 228. Figure 21 shows in one enbodi nent that

after the hub hasg been f.ormed,.first half [ cond

hal P ZGﬁﬁ‘eﬂq@oﬁﬁa qrﬁéf&eflsarf’i}f‘ﬂé)é' q‘F%tﬁEFgrpé?tggm%Péﬁ Eﬁgﬁla?%ﬂt;ﬁen eg egt ed from
second half 204 using traditional nethods. It will be appreciated,,
howevershowhgt A berondimateyiab (e, eltetriafivelyythe sameroatgriad)omay perinjegteshintp @

cycl ed or

second cavity to form a second portion of the intravascular device such as a tube.
Figure 18 shows a first portion of an intravascular device such as a hub 216 that

has a base or connector 235. Connector 235 may be either a male or female luer lock.

10 Nose 228 is formed at the end that opposes connector 235. The dimensions of the luer
lock should conform to ISO International Standards 594/1 and 594/2. Nose 228 is
subsequently coupled to a tube portion of the intravascular device. Figure 18 further
shows the location 232 of where the polymer may be fed into the hub cavity. It will be
appreciated, however, that the inlet to the cavity for the hub for injecting molten

15 polymer may be located anywhere along the hub cavity. For example, molten polymer
may be fed in at location 225. Figure 19 shows the same first mold 210 as in Figure 18
except the molten polymer has been injected into a portion of hub cavity 216 and the

polymer is beginning to solidify.

Figure 20 shows first mold 210 wherein the molten polymer has filled hub cavity

20 216 leaving a hollow central portion in the hub. This process generally takes 1-3
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rotated around as shown in Figure 30 and described i [

tp second nold 218 wherein the hub is inserted intonsgggnSCﬁgrgagigng Lext
Figure 22 shows the hub that was forned in the process disclosed inTgFEBZW4
Figures 18-21 is thereafter inserted into a 10 second nold 218. Second nold
218 has a tube cavity 255 for formng a tube at the distal end of the hub
Figure 22 further shows first half 290 and second half 280 of second nDId.
218. First half 290 and second half 280 are nated together to ensure that
the nolten polynmer stays within the cavity that is present within second

mol d 218. At th i mal i | if a
Uner ot seconds. (AaiEh gas awisaican alirte St AR Tiised Wik SIRFHALy

fluid such as a gas (e.g., nitrogen gas, air, helium argon, etc.) is

i nj ect gdc Aroddis cBuURKbéBEed N ferinigpgnagse?2850 and exits outlet 242 i

| _ of gas
250. Tﬁg %?ten polynmer may be fed into a variety of locations for tgbe P
cavity 255. Inlet 220 shows one location that nmay be used for injecting

mol t en pol yger i g¥ 0 lt %i%gﬁ%é%% gg‘ilaﬂfﬁlalflagg{- the?Rub hQ¥Desh Eofitledi@t RAK

wher ei n nol 0 a [

portion of tube cavit .
shoul d be noted that the type of polymer that may be, uysed.?2 l\él L 2.5804It
for theoR uepatateticramtseeond hatfi2(He ﬁﬁf gy ehat i3 %O&ﬁyﬁé@'ﬁ@% '%s f ed
into the hub or they nay be the sane pol yner as expl ai ned above. Materials

0529, | PRI ABC A AR Tt sl appesgnoge o5 o
di stal portion of the tube. 5 FigQures 25-27 s O e noty th_e tube to the
nmove t dowevedi thasthehub gy Bfefgﬁ:g;fy CSmam i moli?¥F0 L8 ROIVIRY is cHBeliBt N9 Lo
rotated around as shown in Figure 30 and described in the accompanying text to second
mold 218 wherein the hub is inserted into second mold 218. Figure 22 shows the hub
that was formed in the process disclosed in Figures 18-21 is thereafter inserted into a
10 second mold 218. Second mold 218 has a tube cavity 255 for forming a tube at the distal
end of the hub. Figure 22 further shows first half 290 and second half 280 of second
mold 218. First half 290 and second half 280 are mated together to ensure that the
molten polymer stays within the cavity that is present within second mold 218. At the
proximal portion of the hub, gas pin 250 is inserted thereto. Gas pin 250 is located
15  within the inner diameter of hub. A fluid such as a gas (e.g., nitrogen gas, air, helium,
argon, etc.) is injected at the proximal end of gas pin 250 and exits outlet 242 of gas pin
250. The molten polymer may be fed into a variety of locations for tube cavity 255.

Inlet 220 shows one location that may be used for injecting molten polymer into tube

cavity 255.

20 Figure 23 shows second mold 218 wherein molten polymer has been fed into a

portion of tube cavity 255. It should be noted that the type of polymer that may be used
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tube cavity. Fluid such as gas is introduced at the proximl portion of gas
pin 250 as shown in Figures 25 and 26. The pressure of the gas ranges from
500 psi to 9,000 psi and the gas is nitrogen gas, air, helium ar yanfil C.
The introduction of gas pushes the polyner to the distal portio 98%24@
tube | eaving a polyner skin or tube wall next or 10 adjacent to the nold
surface and formng an internal |unmen therein. As noted above, pressurized
gas presses against the nolten polynmer causing the nolten polyner to
advance into regions of the cavity until the cavity is coated with nolten

pol ymer as sho in Eigure 27. ol l.qw ' ) B f
Phe t chos thaies ! the afidter By Sssteran St ROt par e Bty (L PRE hoRuford)
gas may vary dependi ng upon the 15 material chosen. Qther operatin

condi t {t@psAR e dhe samarpolyiegeasiexplaineshabdve. Mateémﬂ%m%e%%f@rﬂbﬁ}w%@aﬂfﬁy

formthe one-piece catheter. It generally takes up to 60 seconds

(typically, it .takes.le t %p%% f thsltd BBlvHRet fidbviag Yroeh | S
i ntrod Eséé‘bﬁﬂtaibpvfehz:' |Ir%s4gglg’\%st]§misr§% [ ieo .‘Sftlgcil]%l#rqgl 27ﬁ§h}?mils that the gas
i ntroduction has been term nated at gas pin 252 and .t he tube cavity 255 is
fi || edthe proxihpertion ofths tube tathe digtal @erten chiefbeough. 27 19 FEB 2004
Figure 28 further shows a cross-section of the tube being fornmed. It wll

be appreciated that the injection of the gas at gas pin 250 causes the

tubg to for 9 sheGR thalpobpinkl ean@iingftotrheve ththendistal pestibn dbtthgas
ass?st I nj egg%ggg%l disng manufacturing. Fi ggre 29 shows first half 290 of

or meatuharavayp kPG ScRaoti s 1 PePrREF AR o es pRASVARE 12
shown in Figures 25 and 26. The pressure of the gas ranges from 500 psi to 9,000 psi
and the gas is nitrogen gas, air, helium, argon, etc. The introduction of gas pushes the
polymer to the distal portion of the tube leaving a polymer skin or tube wall next or

10 adj.acent to the mold surface and forming an internal lumen therein. As noted above,
pressurized gas presses against the molten polymer causing the molten polymer to
advance into regions of the cavity until the cavity is coated with molten polymer as
shown in Figure 27. A hollow channel is also formed inside of the tube cavity. It will
be appreciated however, that the pressure of the gas may vary depending upon the

15  material chosen. Other operating conditions may also vary depending upon the
materials used to typically form the one-piece catheter. It generally takes up to 60
seconds (typically, it takes less than 15 seconds) from the time molten polymer is
introduced until the first cavity is filled. Figure 27 shows that the gas introduction has

been terminated at gas pin 250 and the tube cavity 255 is filled with polymer with a

20 hollow center therethrough.
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process represented by Figures 18-29 may then be repeate [

|7I lustrates a manufacturing apparatus 4%0 t hat may Be usgd 'Itzijglrjnr)\?e?)g first
mold that is used to forma hub or a tube to a second nold to form

other portion of the one-piece catheter. In one enmbodinent, a rot aﬁ]ﬁgﬁ 200k
nmechani sm (not 10 shown) is built into the nold itself. There are two mol ds
for formng a first and a second portion (A B) of the one- piece catheter

The manufacturing operation begins by formng a first portion (A) in a '
first nold. The first nold is conprised of two sections (410, 412) that are

et ed { 0GRt et oef Bl 0y 1 ShsbSELGIPUEBS LR RS PRavill s Tod, e

first nold*t mposition YL and noved or rotated to

position Y2. The second nold conprised of two ti
mat ed abpaRidted that thednjestionrof dhe gas bges pist 25@&%%%??%’3‘%%&8%2@3\&8‘% e

techni ques to allow the formati on of a second portion using the second

mol d. | xfltg.}[ﬁl %t@%aﬁbgéﬁ?%ghﬁg ab B3bs I oF Eﬁiﬂa flsttihj%cﬁﬁﬁ onoldimg dndreifagtusagir ed

to a fF Irst portio s forned, the first portion may be

rel eased using 20 conventiagnal techni and a, rpbot [

. * . oy . k
up the fir Figpor29 sowafirsiiwlt %ﬂﬂa‘efeuaow ﬁi@ Beﬁﬂéteéjgﬁ?%ge%%h& meroeawelrOI :
the second portion (B) nay be fornmed using the nolding process descr] béd

gfe ;‘5 gir @F SAdelo1apA8 ;KHéScuBé e drAtedmvd Bgpartizilysepprated romdirsohalE8G.0bhe ()

alte Ongr naf)!siotni |02ct ude devices that have a turntable for rotating the nold
T Ee{‘hf‘?"iﬁsﬁf’ﬁﬁ?ﬁ% Beate 18 Ry AR R e "o e i mvention
Figure 30 illustrates a manufacturing apparatus 400 that may be used to movea
first mold that is used to form a hub or a tube to a second mold to form the other
portion of the one-piece catheter. In one embodiment, a rotating mechanism (not
10  shown) is built into the mold itself.
There are two molds for forming a first and a second portion (A, B) of the one-
piece catheter. The manufacturing operation begins by forming a first portion {A) in a
first mold. The first mold is comprised of two sections (410, 412) that are mated
together. After the first portion such as a hub has been formed, the first mold is
15 disengaged from position Y1 and moved or rotated to position Y2. The second mold
comprised of two sections (420, 422) that are mated together is then secured to the first
mold using conventional techniques to allow the formation of a second portion using
the second mold. It will be appreciated that instead of the second mold being secured
to a first mold after the first portion is formed, the first portion may be released using
20 conventional techniques and a robot (not shown) may pick up the first portion (A) and
place it into the second mold. Thereafter, the second portion (B) may be formed using

the molding process described herein. Other apparatus used for moving a first portion
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the hub and the tube nold cavities are initially physically separated from
one another 5 by an insert |ocated between the distal end of the hub and
the proximal end of the tube. Figure 31 shows a portion of an apparztgu%@ffﬂm
mul ti-component injection nolding and the cavities used to formthe-h

and the tube. Containers 214 and 215 are hoppers used to hold solid

pol ymer particles or granules. The first polynmer is nelted and enters
first barrel 216 of a double barreled injection nolding nachine and exits
to fromnozzle 217. The nolten first polyner enters hub cavity 270 through

a spru ’ ad idddttRatRie 2 ddentabiledot ratdBngthe troldifyeralongnd
of hubeég%?ﬁﬁ?aﬁ%gﬁhﬁﬁeg frlom a first position (Xi) to a second position

(X2). Inits first position, insert 219 bl ecks f ' ttgom
t ube cpositipnisznothey. ﬂihf—'Megrssrepﬁ%%f‘%%gy%ﬁ%“ﬁeﬁg%cse(;r}k{rggﬁﬁ%%%irgéga of  hub
cavity 270 simlar to that described above. Figure 31 shows that a first
polymer 15 is injected into hub cavity 270 through gate 244 and nplten

pol yMer novegnires 386 shoveahothies esmhliasent of theeinyeokpraln ghis esabegimant,
connector 235 and the distal direction of the hub nose. Figure 32 shows

the ol ten pol r has fill ed. i,}g,,s ' B baeladbdeert hat
t he ceﬁh?gvgﬂﬁﬁgﬁspg? Q%gcﬁgwgrﬁgﬁ%yy n g:nfl{,/z‘é'%eh%ragﬁg? structure of
the hub is filled. 20 Figure 33 shows insert 219 hq%?e nmoved teod_gg{s Co%e
poskt i Gy aXZinkeniviated petween fhesdistad endrofxhe hykjandd RRO N P @‘ez and
tube cavity 255 to be in comunication 29 19 FEB 2604 with one anot her and
are no |l onger physically separated. At this point, the hub is fornmed and

I nj ecti on ofg; 2, REFONbWEh YMRtioWiok hnepiparawisdor trivdtiicotrgpdrese injectionhe fir st
molding and the cavities used to form the hub and the tube. Containers 214 and 215 are
hoppers used to hold solid polymer particles or granules. The first polymer is melted
and enters first barrel 216 of a double barreled injection molding machine and exits

10 from nozzle 217. The molten first polymer enters hub cavity 270 through a sprue(s) and
runner(s) and into gate 244. Insert 219 at the distal end of hub cavity 270 may move
from a first position (Xi) to a second position (X2). In its first position, insert 219 blocks
off hub cavity 270 from tube cavity 255. Gas pin 250 is inserted into the central portion
of hub cavity 270 similar to that described above. Figure 31 shows that a first polymer

15 isinjected into hub cavity 270 through gate 244 and molten polymer moves in two
directions such as in the proximal direction of connector 235 and the distal direction of
the hub nose. Figure 32 shows the molten polymer has filled hub cavity 270. [t will be

appreciated that the central portion of the hub is hollow and only the outer structure of

the hub is filled.

20 Figure 33 shows insert 219 has moved to a second position Xz from its prior

position of Xi. This allows hub cavity 270 and tube cavity 255 to be in communication
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pol ynmer. Figure 34 shows that the second polyner has been fed into tube
cavity 255 via hopper 215, barrel 221, and nozzle 223. The second pol yner
begins to nove in the 5 distal direction of tube cavity 255 through-lqaﬂ:_% 7004
248. In Figure 35, a fluid such as a gas (e.g. air, nitrogen gas, helium
argon, etc.) is introduced at inlet 250. Gas exits gas pin at 242 wherein
the gas pin is inserted through hub cavity 270 and ends at the distal end
of the nose portion 240 of hub cavity 270. Gas pushes the central portion
of the nmolten polyner to the distal portion of tube cavity 255 form ng a

tube. 10,Fi gure ' | | ! thetipyeiser, it
will p¥ithe ?aw%@a%“@ﬁ%ﬁgﬁshggipﬁﬁ%@r%éadééﬁt?““ﬁ”’f‘ﬂﬁg? I hol Tow
portion through the tube that is forned., The, holl W_por}i on .eli%lgengs from
t he pr éorimed ard dnjectiomef disecanid pokynesr wilheombine atthe Wigstacs it ¥ then
ejected fromthe nold as a single piece using 15 conventional nethods. It

will b CFj ebdnd BolaAM Hadbedr fedeithtd editer eavityRbocedai t y
270 bu?ol t |£§ %%?%?%gﬁéﬁgﬁg%ﬂh%\éhubncgéi}?& is filled prior to filling tube

cavity 255. Alternatively, hu i 270 and tube cavi e

P11 ehappe: a3 berene2! s nesde 425, The sésratlioly st Bt lo ERTRERES o1
or at about the sane tine. The process represented by Figures 31-36 may

t hes bgidigdiaéaibn @Onbequnity I65 shrovgtagate!24B. in Figuestseia wdsugh as ja gasof

cavities may be used to forman integral hub and a tube. Gas pin 300 is

inserted into.the hub ROk{I : FR s0eViag @xith Bat Birsat

enbodi MehtAHATREST mﬁﬁllgr{?’n%%%& @Iﬁé&p&@%{]}%& e?n%ﬁtao t he hub gor i on
242 wherein the gas pin is inserted through hub cavity 270 and ends at the distal end of
the nose portion 240 of hub cavity 270. Gas pushes the central portion of the molten

polymer to the distal portion of tube cavity 255 forming a tube.

10 Figure 36 shows the tube cavity filled with polymer. However, it will be
appreciated that the gas has cored out a longitudinal hollow portion through the tube

that is formed. The hollow portion extends from the proximal end to the distal end of

the tube.

The hub and tube are then ejected from the mold as a single piece using
1S  conventional methods. It will be appreciated that tube cavity 255 could be filled before
hub cavity 270 but it is preferred that the hub cavity is filled prior to filling tube cavity
255. Alternatively, hub cavity 270 and tube cavity 255 may be filled with different
polymers or the same polymer either simultaneously or at about the same time. The
process represented by Figures 31-36 may then be repeated.
20 Figure 37 shows another mold wherein a plurality of cavities may be used to

form an integral hub and a tube. Gas pin 300 is inserted into the hub portion 310 of the
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of the cavity. During or after the hub has been forned, the tube portion
320 of the intravascular device is forned. Either a single polyner may be
used to formthe hub and the tubeor two polyners may be used separaLleB%mk
formthe hub and the tube as a 5 single piece. Figure 38 shows anot f
nold that may be used to practice the invention. Runner 50 conmuni cates
with a plurality of tubes 16 and hubs 18. The polyner is heated in a
nol di ng machi ne (not shown) until the polyner attains a nolten state. The
polymer is introduced at 24 into the nold and general | s in t

em%tn tortae %‘%‘é’

di rectdng%of n@hds dtSodifhd\ftthe snedritidrt, anpedymsiey isoin)

Gas pi I's used to I ntroduce a fluid such as a gas into the cavity of
the nold. This npld, [ dP@leyii®e portioh@20pditheers. In
t he pr()é(tb@lilﬂgt)ﬂep&i' cf'gg‘if iﬁ?\“\ﬁ hﬂt eﬁlfﬁ%ﬁt Pg{n ‘s described W|th
reference to specific enbodinents thereof. It wll U%%/%E eml ent

that vaghossulicidvicaisiformetis EitererringlePolEnen Baiabe
departing fromthe broader spirit and scope of the invention as set forth

in the c|ains Ao isedisepiranty &5 form thechubliangd|the tulee pea
regar&é’tﬁi&ﬁtﬁ OIrI u E’I \?geblét her than a restrictive sense. 31 19 FEB 2004
CLAI M5 What is clai rred is: 1 1. Anethod for manufacturing a one-piece

catshetginglarpdedeub, conprising: 2 feeding a nolten polyner into a nold having
a nold cavity with a tube portion

Figure 38 shows another mold that may be used to practice the invention.
Rurmner 50 communicates with a plurality of tubes 16 and hubs 18. The polymer is
heated in a molding machine (not shown) until the polymer attains a moiten state. The
polymer is introduced at 24 into the mold and generally moves in the direction of all the
10 cavities simultaneously or about the same speed. Gas pin 20 is used to introduce a fluid

such as a gas into the cavity of the mold. This mold may be used with a single polymer

or two polymers.

In the preceding detailed description, the invention is described with reference to
specific embodiments thereof. It will, however, be evident that various modifications
15 and changes may be made thereto without departing from the broader spirit and scope

of the invention as set forth in the claims. The specification and drawings are,

accordingly, to be regarded in an illustrative rather than a restrictive sense.
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3 and a hub portion extending fromthe tube portion; 4 form ng a hub; 5
injecting a fluid under pressure into a gate of the cavity; 6 feeding a
pol ymer in the tube portion of the cavity; and 7 formng a tube haviinifBaifili
orifice therethrough. 1 2. The nethod according to claim1 wherein the
polymer is selected fromthe group 2 consisting of polyolefins filled with
elastoneric polyners, polyesteram de, 3 pol yurethane, polyetheram de,

pol ycar bonat e, pol yester, polyarnide, acrylonitrile- 4 butadiene-styrene,
fluorinated ethyl ene propyl ene copolyner, and liquid crystal 5 polyners. 1
3. The method of claim2, wherein the fluid is selected fromthe group
consisting of 2 nitrogen gas, air, heltﬁggpﬁyd argon. | 4. The nethod of
claim1l1, wherein the nold cavity has a portion and a second 2
portion, the first portion is a hub cavity and second portion is a tube
cavi ty. whhatis diagme@tdiod of claim 1, wherein the fluid is injected into a
portion of the cavity, 2 wherein the portion of the cavity is selected
fromthe group consisting of the hub 3 portion and the tube portion. 32 19
FEB 2004 1 6. The nethod of claim11, wherein the tenperature of the nolten
matefiay is A2raBPidrhRubactutiida ohergecofathder @nddudpoomprisiag: The

met hod of claim 1, further conprising feeding a nolten polyner into the

2 feeding a molten polymer into a mold having a mold cavity with a tube portion

3 and a hub portion extending from the tube portion;

4 forming a hub;

5 injecting a fluid under pressure into a gate of the cavity;

6 feeding a polymer in the tube portion of the cavity; and

7 forming a tube having an orifice therethrough.

1 2 The method according to claim 1 wherein the polymer is selected from the group

2 consisting of polyolefins filled with elastomeric polymers, polyesteramide,
3 polyurethane, polyetheramide, polycarbonate, polyester, polyamide, acrylonitrile-
4 butadiene-styrene, fluorinated ethylene propylene copolymer, and liquid crystal

5 polymers.

1 3 The method of claim 2, wherein the fluid is selected from the group consisting of

2 nitrogen gas, air, helium, and argon.

1 4 The method of claim 1, wherein the mold cavity has a first portion and a second

2  portion, the first portion is a hub cavity and second portion is a tube cavity.

1 5. The method of claim 1, wherein the fluid is injected into a portion of the cavity,
2 wherein the portion of the cavity is selected from the group consisting of the hub
3  portion and the tube portion.
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2 nold cavity along a runner under pressure froma nol ding nmachine, a
solidified layer 3 of the polynmer formng on the nold surface; 4 19 FEB 2004
introducing a fluid into the cavity to push nolten pol yner along the
orifice 5 created within the region of the cavity to formthe orifice and

" to continue the passage of 6 polyner along the remaining | ength of the
cavity conpleting the formation of the 7 solidified | ayer of polyner on the
nold surface. 1 8. The nethod of claim1, wherein the hub portion has
formed thereon at least one 2 of a male lock and a female lock. 1 9. The
met hod of claim11, wherein the polyner is at a tenperature of about 175 C
to 2 220'C. 1 10. The nethod of claim 1, wherein the flow rate of the

polymer is sufficient so . as to 2 fill] the cavity .ip abqut 0.5 tg.5
secohdst- 1 11he methadaislaigy 1rcWQf3’fﬁ“1Fh‘?/\k?é?%‘?rﬁt‘ﬁq?@fﬁﬁéé%‘af@ MAFRH 1 cavity

of the nold is appy oxi mat e Ln .t range of 1,000 psi to 40,000 psi. 1
12. Zrheamaﬁf%éqﬁ)gl?“?ﬁ@gevﬂ’\geﬁéiat?aﬁoéedi ng of pol ymer continues until
the cavity 2 is filled; and 3 fluid is injected into the nold. 1 13. The

To 0 e SRS e et F e PR e et B bl BRI
i ikt i SeTER Bl & ioneSnder Sradie YR nlolind TRactiRE, 4 SSAAHEA ther N©

of the polymer forming on the mold surface;

(WX ]

4 introducing a fluid into the cavity to push molten polymer along the orifice
5 created within the region of the cavity to form the orifice and to continue the passage of
6 polymer along the remaining length of the cavity completing the formation of the

7  solidified layer of polymer on the mold surface.

1 8 The method of claim 1, wherein the hub portion has formed thereon at least one

2  of a male lock and a female lock.

1 9 The method of claim 1, wherein the polymer is at a temperature of about 175°C to
2 220°C

1 10. The method of claim 1, wherein the flow rate of the polymer is sufficient s0 as to

2 fill the cavity in about 0.5 to 5 seconds.

1 11. The method of claim 1, wherein the pressure within a cavity of the mold is

2  approximately in the range of 1,000 psi to 40,000 psi.

1 12,  The method of claim 1, wherein the feeding of polymer continues until the cavity

2 isfilled; and
3 fluid is injected into the mold.

1 13. The method of claim 1, wherein the tube portion is beveled at the distal end.
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3 a substantially straight taper. 1 15. The nmethod of claim1, further
‘conprising purging the fluid through an exit 2 channel. 1 16. The neth%ﬂﬁof
claim1l1, wherein the polyner selected has a negative slope of 2 vi sdds ﬂmu
versus shear rate of greater than an absolute value of 1. 1 17. The net hod
~of claim1, wherein a radi opaque inducing agent is conbined with . 2 the
polynmer. 1 1$. The method of claim1, wherein the radi opague nmaterial is
selected fromthe 2 group consisting of tungsten, bariumsulfate, and

bi smuth compounds. 1 19. A nethod of nmaking a hub and a catheter tube
conprising: 2 feeding a nolten polyner into a nold having a nold cavity

wth a hub cavity 3 and a tube cavity, wherein the hub cavity extends from

the gh cav mhét V‘?%\ro%' dF cg?‘ﬁ-f E%h@f)blﬂ thy Bhifer dlaiiet&UfeHe tibOirlcreadsd |8U0ng its

thro one cavity an 5 the tube cavity;

it ged"trgnggﬁra}& t@gﬂnbtlﬁ]@ 1H&Qaﬁ@ﬂ‘gthe7d1faﬂ{é?%ﬂg sﬁb&tﬁhﬁaﬁﬂz cofistahif€o ped ks

accofrdi wherein the polyner is selected fromthe 2 group

consjsti %%}k])glfanﬁg 1;6/% Hﬂl led with elastoneric polymers, polyesteran de,
3 potyur ASTRane I'yether a pol ycar bonat e, pol yester, polyan de,

acrylonitrile 34 19 FEB 2006 _4 but adi ene-styrene, fluori nat ed et hyl ene
propyl €48 CORYeYEfhodPoXtlAind Y] MirflierTottprising purging the fluid through an exit

2  channel.

I 16. The method of claim 1, wherein the polymer selected has a negative slope of

2 viscosity versus shear rate of greater than an absolute value of 1.

1 17. The method of claim 1, wherein a radiopaque inducing agent is combined with .

2 the polymer.

1 18. The method of claim 1, wherein the radiopaque material is selected from the

2  group consisting of tungsten, barium sulfate, and bismuth compounds.
1 19. A method of making a hub and a catheter tube comprising:

2 feeding a molten polymer into a mold having a mold cavity with a hub cavity
3 and a tube cavity, wherein the hub cavity extends from the tube cavity wherein a
4  molten polymer is injected into the mold through an inlet to one of the hub cavity and

S the tube cavity;
6 introducing gas through the hub; and
7 forming a tube.

{ 20. The method according to claim 19, wherein the polymer is selected from the
2 group consisting of polyolefins filled with elastomeric polymers, polyesteramide,

3 polyurethane, polyetheramide, polycarbonate, polyester, polyamide, acrylonitrile-



5 polyners. 1 21. The nmethod of claim 19, wherein the tenperature of the
nolten material is 2 approximately in the range of 175" C to 220'C. 1 22.
The nethod of claim 19, wherein the pressure of the first phase of!fﬂ%
nolding is 2 approximately in the range of 1,000 psi to 40, 000 p§i. 1 @y
The nethod of claim19, wherein the pressure of the second phase of the

nmol ding 2 machine is approximately in the range of 1,000 psi to 40,000
psi. 1 24. The method of claim 19, wherein the tube portion is beveled at a
distal end of the 2 tube. 1 25. A nethod of maeking a hub and a tube,
conprising: 2 injecting a first polynmer into a first cavity of a first

nold; 3 nolding a first portion in a cavity for the fiéﬁg _po&{ion ?f a
firdt nmitddiens-styrame; Agorineted ethylensy propiylenesiapohemerand iquid grystala £ r st
nold; 5 inserting the first portion into a second nold; 6 injecting a
secdnd padypmees. i nto a second cavity of a second nold; 7 nolding a second
portion in a cavity for the second portion; and 8 injecting a fluid through
an inlet of the second nold wherein the fluid push a second. pol yrer
For i ng2la. t dHee mebhod of Flaim 1o mareiruihe (SERSFRINE ARG mpltsl PAREIIA hod of

claim 25, wherein a nose is fQ b en the hub and the tube. 35 19 FEB
2004 1 approxiyeately %H\Wﬂgpafﬂﬁgﬁﬁtmm the first portion conprises a

mat eri al sel ected

1 22.  The method of claim 19, wherein the pressure of the first phase of the molding is

2 approximately in the range of 1,000 psi to 40,000 psi.

1  23. The method of claim 19, wherein the pressure of the second phase of the molding

2 machine is approximately in the range of 1,000 psi to 40,000 psi.

1 24, The method of claim 19, wherein the tube portion is beveled at a distal end of the

2 tube.

1 25. A method of making a hub and a tube, comprising:

2 injecting a first polymer into a first cavity of a first mold;

3 molding a first portion in a cavity for the first portion of a first mold;

4 removing the first portion from the first cavity of a first mold;

5 inserting the first portion into a second mold;

6 injecting a second polymer into a second cavity of a second mold;

7 molding a second portion in a cavity for the second portion; and

8 injecting a fluid through an inlet of the second mold wherein the fluid pushes a

9  second polymer forming a tube from a first length to a second length.
1 26. The method of claim 25, wherein a nose is formed between the hub and the tube.
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2 fromthe group consisting of polyolefins filled wth elastoneric
pol yners, 3 polyesteram de, polyurethane, polyetheram de, polycarbong%%ﬂzmﬁ
pol yester, polyam de, 4 acrylonitrile-butadiene-styrene, fl uori nat &
~ethyl ene propyl ene copolyner, and liquid 5 crystal polyners. 1 28. The

met hod of cl aim 25, wherein the second portion is made of material selected
2 fromthe group consisting of polyurethane, polyfluorpolyolefins,
el astonmeri ¢ 3 conponents bl ended in polypropylene. 1 29. The nethod of
claim25, wherein the first portion is a hub. 1 30. The nethod of claim 25,
wherein the second portion is a tube. 1 31. A nethod of naking an
I ntravascul ar device through injection nolding 2 conprising: 3 ng%cnggg a
first y ' fof LBl b Nerelh tHeefifst patticteinpribesalmategiahsélee
porﬁioﬁg{S r %%6%%589ﬁ%cP$¥§?¥pof%ion fron1Fhe firstphnld; 6 placing the
first partign %@&gdo [folefink TRt with etasterenid pudyyees, i nto a
secgad ﬁgﬁhﬁﬁﬂéggﬁﬁg¥§e S cgﬂgﬁgglyner 8 begins to solidify in ? seagnd
cavigy dyh&mﬁw 1V dthé@ehiciengolychthorate, lpalyedten palyamida| et ,
t he |uﬁ@Y%§%§§§ﬁ#%?} e secondpggfyner 10 Foaknve along the surface of the
second £ayldnriidfukddferE- APhel d8rindRel ethy e bpylarienapplymiee hlighis
first portionis nade of a material selected

5 crystal polymers.

78.  The method of claim 25, wherein the second portion is made of material selected

ot

2 from the group consisting of polyurethane, polyfluorpolyolefins, elastomeric

3 components blended in polypropylene.
{ 29. The method of claim 25, wherein the first portion is a hub.
| 30. The method of claim 25, wherein the second portion is a tube.

1 31. A method of making an intravascular device through injection molding

2 comprising:

3 injecting a first polymer into a first cavity in the first mold;

4 molding a first portion;

5 removing the first portion from the first mold;

6 placing the first portion into a second mold;

7 injecting a second polymer into a second mold wherein the second polymer

8  begins to solidify in a second cavity of the second mold; and

9 introducing a fluid through a fluid inlet, the fluid causes in the second polymer

10 to move along the surface of the second cavity.
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2 fromthe group consisting of polyolefins filled wth elastoneric

pol yners, 3 polyesteram de, polyurethane, polyesheram de, polycarbonate,

pol yester, polyam de, 4 acrylonitrile-butadiene-styrene, quorinaﬁg%EBzmg
et hyl ene propyl ene copolyner, and liquid 5 crystal polynmers. 1 33.°Th

" method of claim 31, wherein the second portion is nmade of material selected
2 fromthe group consisting of polyolefins filled with elastoneric

pol ynmers, 3 pol yurethane, polyfluorpolyol efins, elastonmeric conponents

bl ended in pol ypropylene. 1 34. The nethod of claim31, wherein the
tenperature of the nolten material is 2 approximately in the range of
175' Cto 220'C. 1 35. The nethod of -claim 31, wherein the pressure in a

first phase of injection 2 nolding, i.s approximately.in.the range 0l, 000
psi Lo 48, ooBhesnethodad clajime3 hayhergin fheditet ROSHON fafRde ff grBateral seiecte

second phase of the injectio |_di rocess i s approximately in the
range oﬁoy}ﬁmuﬁ&ﬂpqqp&ﬁﬂ&@&%ﬂﬂﬁﬁSﬁ?ﬂﬁgﬁhngHE@iwﬂynﬁﬁ&&EﬁHﬂFﬁ% first phase
of injection nolqﬁng relates to iﬁg ressure fnside a ch nb%r 4 wsed. 0

al | ow t Relysstepamids, palkursthans, polyetheragiderpalycathpng %fpoi‘)’%ﬁ B BLYRE %I n

t he second, cavity is ,bevel ed at_.a dis nd of 2 the tub 8. A: od
of rihki AGYRIFHerortadisnesty (R @Boffé‘ﬁﬁ?gf ‘?tﬁj’i’gﬂ@ﬁP&RPXQ%“&C@%%%Q%%‘@&%@i st
manu, acturhﬁ%i conprising: 3 injecting a first polyner into a first cavity
of a nmof @S PG gﬁ%ng a second polyner into a second cavity of the nold,;
and 37

1 33. Themethod of claim 31, wherein the second portion is made of material selected
2 from the group consisting of polyolefins filled with elastomeric polymers,

3  polyurethane, polyfluorpolyolefins, elastomeric components blended in polypropylene.

1 34 The method of claim 31, wherein the temperature of the molten material is

2 approximately in the range of 175°C to 220°C.

1 35 The method of claim 31, wherein the pressure in a first phase of injection

2 molding, is approximately in the range of 1,000 psi to 40,000 psi.

1 36. The method of claim 31, wherein pressure in a second phase of the injection
2 molding process is approximately in the range of 1,000 psi to approximately 40,000 psi,
3 wherein the first phase of injection molding relates to the pressure inside a chamber

4  used to allow the polymer to become molten.

| 37. The method of claim 31, wherein the second cavity is beveled at a distal end of

2 the tube.

1 38 A method of making an intravascular device using injection molding and gas

2 assist manufacturing, comprising;
3 injecting a first polymer into a first cavity of a mold;
4 injecting a second polymer into a second cavity of the mold; and
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19 FEB 2004 5 introducing a fluid through an inlet of the nold which forns
a tube. 1 39. The nmethod of claim 38 wherein the nold is advanced froma
first position to a 2 second position of the nolding matching, the ??Eﬁ@ﬂh
position allowing the second 3 polynmer to be injected into the nol d] "

" The nethod of claim 38, wherein the first polyner is selected fromthe
group 2 consisting of polyolefins filled with elastoneric polyners,

pol yest eram de, 3 pol yurethane, pol yetheram de, pol ycarbonate, polyester,
pol yam de, acrylonitrile- 4 butadi ene-styrene, fluorinated ethyl ene

propyl ene copolyner, and liquid crystal 5 polyners. 1 41. The nethod of

claim 38, wherein the second polyner .is | ected fr the group 2
condi sting dntredugingsa ﬁa@ﬂﬂw %H\l%fcﬂ’ffﬁg?mlﬁswktﬂ@é’f%ﬁ&' €conponent s
bl ended in 3 polypropylene. 1 42. The nethod of claim 38, wherein the

aspect ratiq_is ahou 0, 43, A.net hod, of nuf agt.uri ng,. | ul ar
devilce 3Fsi ng}[hefﬁnéﬁliqci)ﬂg gl'ﬁFBljsﬁd” hﬁ@l@%ﬁ?@&@a%ﬁﬁ&%‘&%ﬁ‘gﬁé"g&%?‘f%i ng:
3 injecting,a polyner. int cavity. of .a nold; the. ' lLpgl e
cavilt y,Seeprd Pﬁg‘&%n‘?ffhﬁé%&ﬁ%ﬁmﬁ go#'eaﬁ?ﬁogdtp@gglc%o%%l??‘gﬁﬁ g&l %tcfjgguci ng a
fluid through an inlet .aof tRe wherein the nold forns a 6 portion of
t he 3 ntRY Eﬁ?%lwgﬁeée‘,nt%ﬂbe Lg'%h ie intravascul ar device forned by
i nj ection nolding has an aspect ratio of about 8 200.

t 40. The method of claim 38, wherein the first polymer is selected from the group

2 consisting of polyolefins filled with elastomeric polymers, polyesteramide,

3  polyurethane, polyetheramide, polycarbonate, polyester, polyamide, acrylonitrile-

4 butadiene-styrene, fluorinated ethylene propylene copolymer, and liquid crystal

5 polymers.

1 41. The method of claim 38, wherein the second polymer is selected from the group
2 consisting of polyurethane, polyfluorpolyolefins, elastomeric components blended in

3  polypropylene.
1 42. The method of claim 38, wherein the aspect ratio is about 200.

1 43. A method of manufacturing an intravascular device using injection molding and

2 gas assist manufacturing, comprising:

3 injecting a polymer into a cavity of a mold, the mold having a single cavity, the

4  cavity has a hub portion and a tube portion;

5 introducing a fluid through an inlet of the mold wherein the mold forms a

6 portion of the intravascular device; and

7 the intravascular device formed by injection molding has an aspect ratio of about

g 200



38 19 FEB 2004 1 44. The nethod of claim 43, wherein the polynmer has an
absol ute value of viscosity 2 versus shear rate of greater than 1.0. 1 45,
The method of claim43, wherein the tube portion is bevel ed at a di $84IEB 2004
end. 1 46. A nethod of naking a one-piece hub and tube, the method
conprising: 2 injecting a first polymer into a first cavity; 3 injecting a
second polyner into a second cavity; and 4 introducing a fluid into a
second cavity having a second polyner. 1 47. The nethod of clai m 46,
further conprising 2 noving an insert froma first position to a second
position. 1 48. The nethod of claim46, wherein the first polyner is

sel ected fromthe group 2 consisting of polyolefins filled mﬁth

el astoneri c pol yners,  pol yest era hane I

pol yéar B8nat dheyaethad ek claisve éemég?%’%?? fpan ﬁb%ﬁklﬁed %l Vggcé’rsn‘et}'
fluorinated ethyl ene ropyl e chol ymer, and liquid crystal 5 poI ynmers. 1
49. %he vieEsusotheay rate g rﬁf@fﬁer&ﬁéf n the polynmer has a negative sl ope of

viscosity 2 versus shear rate of an absolute value greater than 1.0. 1 50.

The neth d of_.cl ai he .s | | he
gr oup con%mﬁg‘#oﬁa‘%ﬁh ?‘gt whgEein ?W%éagé%o 15’ Ib% ?Eeé:l gﬂegg’gag%eﬂc% c
conponents bl ended in 3 pol ypropyl ene.

1 46. A method of making a one-piece hub and tube, the method comprising:

2 injecting a first polymer into a first cavity;
3 injecting a second polymer into a second cavity; and
4 introducing a fluid into a second cavity having a second polymer.

1 47. The method of claim 46, further comprising:
2 moving an insert from a first position to a second position.

1  48. The method of claim 46, wherein the first polymer is selected from the group
2 consisting of polyolefins filled with elastomeric polymers, polyesteramide,

3 polyurethane, polyetheramide, polycarbonate, polyester, polyamide, acrylonitrile-
4 butadiene-styrene, fluorinated ethylene propylene copolymer, and liquid crystal

5 polymers.

1 49. The method of claim 46, wherein the polymer has a negative slope of viscosity

2  versus shear rate of an absolute value greater than 1.0.

1 50. The method of claim 46, wherein the second polymer is selected from the group
2 consisting of polyurethane, polyfluorpolyolefins, elastomeric components blended in

3  polypropylene.
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19 FEB 2004 1 51. The nethod of claim46, wherein the first polyner was
- sel ected based upon the 2 slope of viscosity versus shear rate, wherein
the negative slope is greater than an 3 absolute value of 1.0. 1 52 E@ 2004
met hod of claim46, further conprising: 2 neasuring the pol yner injégt g
into the cavity thereby elimnating spillover of 3 the polyner. 1 53. The
met hod of claim46, wherein the second cavity is beveled at a distal end. 1
54. A nethod of nmaking a hub and a tube, conprising: 2 injecting a first
polymer into a first cavity of a first nold; 3 nolding a first portion in a
cavity for the first portion of a first nold; 4 renoving the first portion
fromthe first cavity of a first nold; 5 inserting the first portion into a

second nold; 6 injecting a second pol r into a second cavit f cond

ol a1 ol Themeshab sbHapclo rivrbin e dirst byras: VASSeriPs i 880 g

injecting a fluid through an inlet of the second L d. wh | | ui d

p ujs Res sdgpg of E@Sﬂ%%ﬁ?rﬁg}ﬁ Pﬁ%rW% dv lgerleﬂb g‘ef ??ﬂﬁt'é'efn%??g? lspgﬁeﬁké}td&gg afé‘e cond

poi nt havin% an Oriﬂiﬁﬁ 10 therethrough and leaving a third point to a
‘the

fourkt h ?hﬁoh%e\kﬂi‘éﬁ“’eP third point toa 11 fourth point of the tube is
solid. 1 55. The nethod of claim54, further conprising: 2 cutting the

th rld pgi'-nt The 2etRSA B S Ys, BlirthOP ccgr!ﬂg%'sin%o

2 measuring the polymer injected into the cavity thereby eliminating spillover of

3 the polymer.
1 53. The method of claim 46, wherein the second cavity is beveled at a distal end.

1 54. A method of making a hub and a tube, comprising;:

2 injecting a first polymer into a first cavity of a first mold;

3 molding a first portion in a cavity for the first portion of a first mold;

4 removing the first portion from the first cavity of a first mold;

5 ~ inserting the first portion into a second mold;

6 injecting a second polymer into a second cavity of a second mold;

7 molding a second portion in a cavity for the second portion; and

8 injecting a fluid through an inlet of the second mold wherein the fluid pushes a

9  second polymer forming a tube from a first point to a second point having an orifice
10 therethrough and leaving a third point to a fourth point wherein the third point to a

11  fourth point of the tube is solid.
1 55. The method of claim 54, further comprising:

2 cutting the third point to a fourth point of the tube.
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19 FEB 2004 1 56. An apparatus for form ng a single-piece catheter,
conprising: 2 a nold cavity with a tube portion and a hub portion extending
fromthe tube 3 portion, the nold cavity having an orifice to recejive a
nolten polyner; and 4 a fluid which is injected under pressure intagbﬁ@dmg
of the cavity. 1 57. The apparatus of claim56, wherein the tube portion
has a beveled distal end. 1 58. The apparatus of claim56, wherein the hub
portion has a cavity for formng a 2 I ock at the proximal end of the hub
portion, the lock is one of a male lock and a female 3 lock. 1 59. The
apparatus of claim58, wherein the polyner is conbined with a radi opaque 2
I nduci ng agent selected fromthe group consisting of tungsten, barium

sul fate, and 3 bisnuth conpounds. 1 ?0.,The aratus of claimb58, wherein
the hspdt rAfjapRarabisder éorminga ?@G.G“EIGSEFE‘% T pPEPABSHEE of cl ai m 58,
wherein the lock is substantially cylindrical in shape. 1 62. The

f claim58, th L fi is | in.th . ' h
ety 1 camAEa b asbe RTS8 A PG PSP ERRUIREENBanT ke
tub ti f th ity. .1 64. t df Ki
Si ngh o Brete Bt METdEavithaving Ap orbesdne s by & A PRy P, ol y s
into a first cavity of a first nold to forma first 3 portion; 4 neans for
i nsefting the ks otrPRYS Ll TR dRr pRERNG Rb Y gatd of hd &R BP0

1 57. The apparatus of claim 56, wherein the tube portion has a beveled distal end.

1 58 The apparatus of claim 56, wherein the hub portion has a cavity for forming a
2 lock at the proximal end of the hub portion, the lock is one of a male lock and a female

3 lock.

I 59. The apparatus of claim 58, wherein the polymer is combined with a radiopaque
2 inducing agent selected from the group consisting of tungsten, barium, sulfate, and

3 bismuth compounds.

1 60. The apparatus of claim 58, wherein the aspect ratio is greater than 200.

1 61. The apparatus of claim 58, wherein the lock is substantially cylindrical in shape.
{ 62. The apparatus of claim 58, the orifice is located in the hub portion of the cavity.

1 63. The apparatus of claim 58, the orifice is located in the tube portion of the cavity.

1 64 Anapparatus used for making a single-piece catheter, comprising:

2 means for injecting a first polymer into a first cavity of a first mold to form a first
3  portion;
4 means for inserting the first portion into a second mold;
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5 nmeans for injecting a second polyner into a second cavity of a second
nold to 6 forma second portion; 7 neans for injecting a fluid through an
inlet of the second nold wherein the fluid 8 pushes a second pol yggr
formng a tube froma first length to a second I ength. 1 65. The aggiﬁgﬂmﬁ
of claim64, wherein the second portion has a beveled distal end. 1 66. The
apparatus of claim®64, wherein the first portion has a cavity for formng a
2 lock at the proximal end of the first portion. 1 67. The apparatus of
claim 66, wherein the lock is one of a male lock and a female 2 | ock. 1 68.
The apparatus of claim64, wherein the aspect ratio is greater than 200. 1

69. sThe appaphHs f6f infdcfin @&coﬂﬁg{)&yﬁ& iRtola0$eeohd caviticiatdeabhd mold to

cylindrical in shape.” 1 70. The paratus of claim®64; the orifice is

| ocagg edfdr&ag@td}{dﬁérmgﬁtion of the cavity. 1 71. The apparatus of claim
64, the orifice is located in the tube portion of the cavity. 2 72. The
apparatus of claim®64, wherein the first length of the second portionis 3

hol Iow. 1 73meahe féripfictings Mhidcthabuyk4n inlet of the $drendanoiiiwihenghithefluide
second portion is 2 hollow. 1 74. The apparatus of claim 64, wherein the
firg |pugids adfecohd potymed farmiingentule fsomi first lenéth tdlacseappdilength. of cl ai m
64, wherein the first portion is rotated froma first 2 position to a
second position; and 42 19 FEB 2004

1 65. The apparatus of claim 64, wherein the second portion has a beveled distal end.

1 66. The apparatus of claim 64, wherein the first portion has a cavity for forming a
2 lock at the proximal end of the first portion.

1 67. The apparatus of claim 66, wherein the lock is one of a male lock and a female
2 lock.

1 68. Theapparatus of claim 64, wherein the aspect ratio is greater than 200.

1 69. The apparatus of claim 66, wherein the lock is substantially cylindrical in shape.
1 70. The apparatus of claim 64, the orifice is located in the first portion of the cavity.

1 71.  The apparatus of claim 64, the orifice is located in the tube portion of the cavity.

2 72. The apparatus of claim 64, wherein the first length of the second portion is
3 hollow.

1 73.  The apparatus of claim 64, wherein the second length of the second portion is
2 hollow.

1 74. The apparatus of claim 64, wherein the first length of the second portion is solid.

1 75. The apparatus of claim 64, wherein the first portion is rotated from a first

2  position to a second position; and
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3 the first portion is secured to a second nold. 1. 76. The apparatus of
claim®64, wherein the first polyner is selected fromthe group 2
consisting of polyolefins filled with el astoneric pol yners, pol yeSt@f?ﬁﬂ ?ﬂm
3 pol yur et hane, pol yetheram de, pol ycarbonate, polyester, polyan-dde;
acrylor-dtrile- 4 butadiene-styrene, fluorinated ethyl ene propyl ene
copolyner, and liquid crystal 5 polyners, or any conbination thereof. 1 77.
The apparatus of claim64, wherein the second polyner is selected fromthe
2 group consisting of polyurethane, polyfluorpolyolefins, elastoneric
conponents 3 bl ended in polypropylene. 1 78. A nold for formng a

Si ng4 e- pi ece 9390 WS | cavity with a tube portion
and % hub portpggﬁ xt en ﬁﬁge@%ﬁ)%%cégg Iﬂgkgortion, the nold cavity
~having an aperture to receive a nolten polyner; 4 the hub portion has a
conngct g, por’ltl'{e_c’é;bﬁﬂra%&eoﬂm% B8] wheekififthé hiestpdlyRer tid Silected fidma thelgeoup
portion has a distial end which is beveled; wherein 6 a first polyner is

| nj est edohgikank lof PBE?R)IEHM; Kifled with eiatomdriogalymiers, polydsearaedddent o the tube
portion; and 8 a fluid which is injected under pressure |£1to algateﬂ;eof t he
cavigy. pbly@retliee, thbrazhilepéBicarberate npolyesten amideactylonitride-one of
a male |]5(§)C 2 and@ﬁaml e IoEgE. B"y{l 80. Th{a]pmlgl d o;pugslzai m 78 wherein the
aspest rhithdiehe-sgyreateflubtnatedlthytehefropyRrR0@polymer, and liquid crystal

5  polymers, or any combination thereof.

1 77. The apparatus of claim 64, wherein the second polymer is selected from the
2  group consisting of polyurethane, polyfluorpolyolefins, elastomeric components

3 blended in polypropylene.
1 78. A mold for forming a single-piece hub and tube comprising:

2 a mold cavity with a tube portion and a hub portion extending from the tube

3 portion, the mold cavity having an aperture to receive a molten polymer;

4 the hub portion has a connector portion at the proximal end of the hub portion;
5 the tube portion has a distal end which is beveled; wherein

6 a first polymer is injected into the hub portion;

7 a second polymer is injected into the tube portion; and

8  afluid which is injected under pressure into a gate of the cavity.

1 79. The mold  of claim 78, wherein the connector portion is one of a male lock

2 and a female lock.

1 80. The mold  of claim 78 wherein the aspect ratio is greater than 200.
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1 81. The mold of claim78, wherein. the connector portion is substantially
2 cylindrical in shape. 1 82. The nold of claim78, the orifice is |ocated
in at |east one of the hub portion 2 and tube portion of the caV|ngE32$m
The nold of claim 78, wherein a hub portion which is formed is fromthe 2
hub portion of the nold cavity is rotated by a rotator coupled to the nold
froma first 3 position to a second position; and 4 the hub portion is
secured to a second nold. 1 84. The nold of claim78, wherein the first
polymer is selected fromthe group 2 consisting of polyolefins filled with
el astoneric polynmers, polyesteram de, 3 pol yurethane, polyetheram de,

pol ycarbonate, polyester, polyam de, acrylonitrile- 4 butadi ene-styrene,

fluoringd ed ehBy!faf Pr @pYIaERe7E el ¥iFPihe Bpdelioyiottion istetbstingially mer s, or
any ‘conbi’'nation thereof. “fhe . nold of claif 78, wherein thé second

pol laGhefla éomthe 2 group consisting of polyurethane,
AT et dh tlap

pol yol efins, el astoneric conponents 3 bl ended in polypropylene. 1
86. A nethod of making a hub and a tube, conprising: 2 injecting a polyner

intg a §prstTeavi molal af biaist 787ehelorificerty [dtagdan fat leztst pne of the hnbgpartiont y
for the first portion of a first nold; 4 renoving the first portion from

the Fi rﬁﬁd@@lﬁégbrt@(f)n@ffﬂdﬁviml d; 5inserting the first portion into a
second nold; 4
1 83 The mold of claim 78, wherein a hub portion which is formed is from the
2 hub portion of the mold cavity is rotated by a rotator coupled to the mold from a first

3  position to a second position; and
4 the hub portion is secured to a second mold.

1 84 The mold of claim 78, wherein the first polymer is selected from the group
2  consisting of polyolefins filled with elastomeric polymers, polyesteramide,

3 polyurethane, polyetheramide, polycarbonate, polyester, polyamide, acrylonitrile-

4 butadiene-styrene, fluorinated ethylene propylene copolymer, and liquid crystal

5  polymers, or any combination thereof.

1 8. The mold of claim 78, wherein the second polymer is selected from the
2  group consisting of polyurethane, polyfluorpolyolefins, elastomeric components

3 blended in polypropylene.

1 86. A method of making a hub and a tube, comprising:

2 injecting a polymer into a first cavity of a first mold;

3 molding a first portion in a cavity for the first portion of a first mold;
4 removing the first portion from the first cavity of a first mold;

5 inserting the first portion into a second mold;
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19 FEB 2004 6 injecting the polyner into a second cavity of a second nol d;
7 nmol ding a second portion in a cavity for the second portion; and 8
injecting a fluid through an inlet of the second nold wherein the ffyrﬂ!gm
pushes a 9 second polyner formng a tube froma first length to a secon

" length having an orifice 10 therethrough and leaving a third length to a
fourth I ength wherein the third length to a 11 fourth Iength of the tube
is substantially solid. 45

injecting the polymer into a second cavity of a second mold;
molding a second portion in a cavity for the second portion; and

injecting a fluid through an inlet of the second mold wherein the fluid pushes a
second polyﬁer forming a tube from a first length to a second length having an orifice
therethrough and leaving a third length to a fourth length wherein the third length to a
fourth length of the tube is substantially solid.
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