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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to US Patent Ap-
plication No.11/772,756, entitled "Medical Devices and
Related Systems and Methods" filed on May 30, 2006.

TECHNICAL FIELD

[0002] The invention relates to medical devices and
related systems and methods.

BACKGROUND

[0003] Medical devices as known e.g. from US-A-
5,911,715, such as balloon catheters, are used for a va-
riety of medical procedures. Balloon catheters can be
used, for example, to widen an occluded body vessel, as
in angioplasty, to position an endoprosthesis, such as a
stent or a graft, or to selectively block a passageway. A
balloon catheter may include an inflatable and deflacta-
ble baboon positioned on a long and narrow catheter
body. Initially, the balloon is folded around the catheter
body to reduce the radial profile of the balloon catheter
for easy insertion into the body.
[0004] During an angioplasty procedure, the folded
balloon is positioned at a location in a vessel occluded
by a stenosis by threading the balloon catheter through
a guide catheter and over a guide wire emplaced in the
vessel. The balloon is then inflated, e.g., by introducing
a fluid into the interior of the balloon. Inflating the balloon
can radially expand the stenosis to permit an increased
rate of blood flow through the vessel. After use, the bal-
loon is deflated and withdraw from the body.

SUMMARY

[0005] One aspect of the invention is a method of man-
ufacturing a medical device according to claim 1.
[0006] Another aspect of the invention is a medical de-
vice according to claim 15.
[0007] Embodiments may include one or more of the
following features.
[0008] In some embodiments, the tip is secured to at
least one of the first and second tubular member
[0009] In some embodiments, the method further in-
cludes disposing a mandrel within at least one of the lu-
mens of the first and second tubular members.
[0010] In some embodiments, the mold includes at
least one recessed region extending outwardly from and
in fluid communication with the cavity.
[0011] In some embodiments, the at least one re-
cessed region induces a channel extending circumfer-
entially about the cavity.
[0012] In some embodiments, the recessed region in-
cludes a helical channel.
[0013] In some embodiments, the mold includes mul-

tiple recessed regions axially spaced along the mold.
[0014] In some embodiments, the mold is configured
to substantially prevent the first and second tubular mem-
bers from moving axially relative to one another when
the first acid second tubular members are disposed within
the mold.
[0015] In some embodiments, the resin has a melting
temperature that is lower than a melting temperature of
the first and second tubular members.
[0016] In some embodiments, the resin has a melting
temperature that is higher than a melting temperature of
the first and second tubular members.
[0017] In some embodiments, the method further in-
cludes heating the mold to a temperature that is lower
than a melting temperature of the first and second tubular
members.
[0018] In some embodiments, the method further in-
cludes heating the mold to a temperature that is lower
than a melting temperature of the first and second tubular
members, and rapidly injecting the resin into the cavity
of the mold before the resin cools and solidifies.
[0019] In some embodiments, the method further in-
cludes disposing the intermediate tubular member in a
predetermined region of the medical device. The prede-
termined region of the medical device is positioned within
a predetermined region of a vessel during use of the med-
ical device.
[0020] In some embodiments, the predetermined re-
gion of the vessel includes a region of the vessel bent at
an angle of at least about 70 degrees.
[0021] In some embodiments, the predetermined re-
gion of the vessel includes a region in which an aorta and
a coronary artery are connected.
[0022] In some embodiments, the intermediate tubular
member has a hardness that is less than a hardness of
at least one of the first and second tubular members.
[0023] In some embodiments, the intermediate tubular
member has a hardness that is greater than a hardness
of at least one of the first and second tubular members.
[0024] In some embodiments, the predetermined re-
gion of the medical device is determined by measuring
an axial distance from a distal end region of the medical
device.
[0025] In some embodiments, the method further in-
cludes removing material from at least one end region of
each of the first and second tubular members. Each of
the end regions include a surface that extends at an acute
angle relative to a longitudinal axis of the medical device
after removing the material.
[0026] In some embodiments, the method further in-
cludes chemically bonding the resin to at least one of the
first and second tubular members.
[0027] In some embodiments, the medical device in-
cludes a flexible tip secured to a distal end region of the
medical device.
[0028] In some embodiments, the flexible tip is secured
to the distal tubular member.
[0029] In some embodiments, one of the proximal and
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distal tubular members includes a metal and another of
the proximal and distal tubular members comprises a pol-
ymeric material.
[0030] In some embodiments, the intermediate tubular
member includes at least one raised feature extending
from an outer surface of the intermediate tubular mem-
ber.
[0031] In some embodiments, the at least one raised
feature extends circumferentially around the intermedi-
ate tubular member.
[0032] In some embodiments, the at least one raised
feature extends helically around the intermediate tubular
member.
[0033] In some embodiments, the intermediate tubular
member includes a plurality of mised features axially
spaced along the intermediate tubular member.
[0034] In some embodiments, the raised features are
spaced by increasing distances from a proximal region
of the intermediate tubular member to a distal region of
the intermediate tubular member.
[0035] In some embodiments, the at least one raised
feature and the intermediate tubular member are inte-
grally molded with one another.
[0036] In some embodiments, the intermediate tubular
member decreases in hardness from a proximal region
of the intermediate tubular member to a distal region of
the intermediate tubular member.
[0037] In some embodiments, the intermediate tubular
member has a hardness that is less than a hardness of
the proximal tubular member and is greater than a hard-
ness of the distal tubular member.
[0038] In some embodiments, the intermediate tubular
member has a hardness that is less than both a hardness
of the proximal tubular member and a hardness of the
distale tubular member.
[0039] In some embodiments, the intermediate tubular
member includes one or more therapeutic agents.
[0040] In some embodiments, the intermediate tubular
member is chemically bonded to at least one of the prox-
imal and distal tubular members.
[0041] In some embodiments, the intermediate tubular
member is positioned at a predetermined region of the
medical device, and the predetermined region of the
medical device is positioned within a predetermined re-
gion of a vessel during use of the medical device.
[0042] In some embodiments, the intermediate tubular
member includes (e.g., is formed of) a fiber composite,
a clay composite, a polymer blend, a polymer alloy, a
curable polymer, and/or to cross-linkable polymer.
[0043] In some embodiments, the intermediate tubular
member includes one or more additives (e.g., clays, fib-
ers, etc.).
[0044] Embodiments may include one or more of the
following advantages.
[0045] In some embodiments, the medical devices in-
clude proximal and distal tubular members that include
incompatible (e.g., thermally incompatible) materials.
Embodiments of methods described herein allow such

proximal and distal tubular members to be connected to
one another via an intermediate tubular member for ex-
ample.
[0046] In certain embodiments, the intermediate tubu-
lar member is disposed at a predetermined location along
the medical, device. For example, the intermediate tubu-
lar member can be a flexible member arranged so that
it become positioned within a tortuous region of a vessel
during use (e.g., during deployment of an endoprosthe-
sis). This design can help to improve the precision with
which an endoprosthesis is deployed within the vessel.
The medical device can similarly be tailored to function
well within vessels of various other shapes and sizes by
disposing the intermediate member at a predetermined
location along the medical device that is disposed within
a particular region of the vessel during use.
[0047] In some embodiments, the intermediate tubular
member includes one or more raised features extending
from a surface (e.g., an outer surface) of the intermediate
tubular member. The raised features can help to prevent
kinking of the intermediate tubular member during use,
help to increase radial strength of the intermediate tubu-
lar members, and/or help to provide variable flexibility
along the length of the intermediate tubular member. Us-
ing the methods described herein, tubular members with
raised features can be manufactured inexpensively.
[0048] In certain embodiments, the intermediate tubu-
lar members is more flexible than the proximal tubular
member and is less flexible than the distal tubular mem-
ber. Thus, the intermediate tubular member can provide
a relatively smooth transition in flexibility between the
proximal and distal tubular members, for example, as
compared to designs in which the proximal and distal
tubular members are directly attached to one another
(e.g., via a thermal bond). In some embodiments, the
intermediate tubular member has a variable flexibility
along its length, which can further help to create a smooth
transition in flexibility between the proximal and distal
tubular members.
[0049] In some embodiments, one or more physical
properties (e.g., hardness, flexibility) of the intermediate
tubular member can be altered by altering the amount of
shear applied to the resin. For example, as the amount
of shear applied to the resin increases, the resin (e.g.,
polymer resin) can degrade and become less hard. Thus,
the hardness of the intermediate tubular member can be
varied along its length by varying the amount of shear
applied to the resin delivered to the molding device. As
an example, a gradient (e.g., a hardness gradient) can
be provided along the length of the intermediate tubular
member using a single resin composition.
[0050] In certain embodiments, the proximal and distal
tubular members (e.g., the distal end region of the prox-
imal tubular member and the proximal end region of the
distal tubular member) are pre-treated to provide better
adhesion between the intermediate tubular member and
the proximal and distal tubular members. In some em-
bodiments, the pre-treatment of the proximal and distal
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tubular members includes functionalizing surfaces of
these tubular members.
[0051] Other aspects, features, and advantages of the
invention will be apparent from the description and draw-
ing, and from the claims.

DESCRIPTION OF DRAWINGS

[0052]

Fig. 1 is a cross sectional view of an embodiment of
a balloon catheter.
Fig. 2 is a cross sectional view taken along line 2-2
in Fig. 1.
Figs. 3A-3E illustrate an embodiment of a method of
using the balloon catheter of Fig. 1.
Fig. 4 is an enlarged view of region 4 in Fig. 1.
Figs. 5A-5F illustrate an embodiment of a method of
making a catheter shaft of the balloon catheter of
Fig. 1.
Fig. 6 illustrates an embodiment of a balloon catheter
during use.
Fig. 7 and 8 are cross sectional views of embodi-
ments of tubular members including raised features.
Figs. 9-12 illustrate embodiments of tubular mem-
bers having various different cross sectional shapes.
Fig. 13 is a cross-sectional view of a catheter shaft
including two intermediate components.

DETAILED DESCRIPTION

[0053] In general, the medical devices include a prox-
imal tubular member, a distal tubular member, and an
intermediate member that connects the proximal and dis-
tal tubular members. The proximal and distal tubular
members can include (e.g., can be formed of) thermally
incompatible materials. Methods of manufacturing the
medical devices may include disposing portions of the
proximal and distal tubular members in an axially spaced
arrangement within a mold, and injecting molten resin
into a void within the mold between the proximal and
distal tubular members.
[0054] Referring to Fig. 1, a balloon catheter 100 in-
cludes an inner catheter shaft 105 and an outer catheter
shaft 110. Inner catheter shaft 105 includes a proximal
tubular component 115, a distal tubular component 120,
and an intermediate tubular component 125, which con-
nects proximal tubular component 115 to distale tubular
component 120. A balloon 127 is attached to a distal end
region 130 of distal tubular component 120 and to a distal
end region 135 o fouter catheter shaft 110. A flexible tip
137 is also attached two distal end region 130 of inner
catheter shaft 105 adjacent the distal end of balloon 127.
As shown in Fig. 2, inner catheter shaft 105 and outer
catheter shaft 110, which extends coaxially about inner
catheter shaft 105, are generally circular in cross section.
A guide wire lumen 140 extends through inner catheter
shaft 105, and an annular inflation lumen 145 extends

along catheter 100, between inner catheter shaft 105 and
outer catheter shaft 110. A stent 150, as shown in Fig.
1, can be crimped onto the outer surface of balloon 127.
[0055] In certain embodiments, proximal component
115 (e.g., one or more materials of proximal component
115) is incompatible (e,g., thermally incompatible) with
distale component 120 (e.g., one or more materials of
distal component 120). One of the proximal and distale
components 115 and 120 may degrade before the other
of the components reaches its softening point or melting
point. The components may have melting points that dif-
fer to a degree that makes fabrication (e.g., by thermally
bonding the components together) impractical or impos-
sible. For example, proximal component 115 can have a
melting temperature that differs from a melting temper-
ature of distal component 120 by at least about 15 de-
grees Celsius (e.g., at least about 25 degrees Celsius,
at least about 50 degrees, at least about 75 degrees Cel-
sius, at least about 100 degrees Celsius, at least about
125 degrees Celsius, at least about 150 degrees Celsi-
us). In certain embodiments, the melting temperature of
proximal component 115 differs from the melting temper-
ature of distal component 120 by no more than about 160
degrees Celsius (e.g., no more than about 150 degrees
Celsius, no more than about 125 degrees Celsius, no
more than about 100 degrees Celsius, no more than
about 75 degrees Celsius, no more than about 50 de-
grees Celsius, no more than about 25 degrees Celsius).
The melting temperatures of proximal and distal compo-
nents 115,120 can, for example, differ by about 15 de-
grees Celsius to about 160 degrees Celsius (e.g., about
50 degrees Celsius to about 100 degrees Celsius).
[0056] As an alternative to or in addition to being ther-
mally incompatible, the materials of proximal and distal
inner components 115 and 120 can be incompatible with
one another in other ways. In certain embodiments, for
example the materials are chemically incompatible. As
an example, one of proximal and distal components 115,
120 can be termed of a hydrophilic material, such as Ny-
lon 12, while the other of proximal and distal components
115, 120 can be formed of a hydrophobic material, such
as low-density polyethylene (LDPE). As an example, one
of proximal and distal components 115,120 can be
formed of a material, such as PVC and/or CPVC, that is
typically degraded by thermal bonding techniques, while
the other of proximal and distal components 115, 120
can be formed of one or more materials that arc capable
of withstanding thermal bonding techniques. In some em-
bodiments, proximal and/or distale components 115, 120
includes a wire braid (e.g., a stainless steel wire braid),
which can tend two exacerbate degradation caused by
certain heat-related bonding techniques
[0057] Due to the incompatibility of the materials of
proximal and distal components 115 and 120, it would
be difficult to directly join those components using certain
attachment techniques that utilize heat, such as thermal
bonding and/or laser bonding. In some embodiments,
however, intermediate components 125 includes one or
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more material that are compatible with the materials of
both proximal component 115 and distal component 120.
In such embodiments, intermediate components 125 can
be attached two each of the proximal and distal compo-
nents 115 and 120 regardless of their compatibility with
one another, thereby joining proximal and distal compo-
nents 315 and 120 together along inner catheter shaft
105.
[0058] In certain embodiments, as shown in Fig. 4, a
distil end 155 of proximal component. 115 and a proximal
end 160 of distal component 120 are tapered. As a result,
the surface area of bonded regions 156 and 161 between
intermediate component 125 and proximal component
115 and between intermediate component 125 and distal
component 120 can be increased relative to bond regions
between untapered shafts. Increasing the surface area
of the bond region can help to increase the bond strength.
Thus, the bond between intermediate component 2a and
proximal and distal components 115 and 120 can be rel-
atively strong as compared to the bond created between
two untapered tubular members,
[0059] In some embodiments, intermediate compo-
nent 125 is more flexible than proximal component 115
and is less flexible than distal component 120. Thus, in-
termediate component 125 can help to provide a smooth
transition in flexibility between the relatively rigid proximal
component 115 and the relatively flexible distal compo-
nent 120, which can help to prevent kinking and/or buck-
ling of inner shaft 105 during use. In some embodiment
for example, intermediate component 123 has a hard-
ness that is less than the hardness of proximal compo-
nent 115 and than the hardness of distal component 120.
Intermediate component 125 can, for example, have a
hardness that is about 20D to about 40D less than the
hardness of proximal component 115 and about 40A to
about 50A greater than the hardness of distal component
120. Alternatively or additionally, the wall thickness of
intermediate component 125 can differ from the wall
thickness of proximal component 115 and/or distal com-
ponent 120. In certain embodiments, for example, the
wall of intermediate component 125 is thinner than the
wall of proximal component 115 and/or thicker than the
wall of distal component 120. For example, the wall of
intermediate component 125 can be about 0.07 millime-
ter to about 0.12 millimeter thinner than the wall of prox-
imal component 115 and or about 0.07 millimeter to about
0.12 millimeter thicker than distal component 120.
[0060] In certain embodiments, intermediate compo-
nent 125 is chemically bonded to one or both of proximal
and distal components 115 and 120. For example, inter-
mediate components 125 can include a curable adhesive
(e.g., a UV curable adhesive) that can be chemically
bonded to one or both of proximal and distal components
115 and 120 upon being cured (e.g., upon being exposed
to ultraviolet energy). Examples of adhesives include
epoxies, phenolics, urethanes, anaerobies, acrylics, cy-
anoacrylates, silicones, polysulfides, and elastomeric
adhesives.

[0061] Intermediate component 125 and proximal and
distal components 115 and 120 can include materials
that maintain continuous flexural properties, do not col-
lapse or pinch during use, can be coated with a lubricious
material, have good tensile strength, and/or can be ster-
ilized. In certain embodiments, intermediate component
125 includes a microfibrillar composite, alloy, or blend.
Intermediate component 125 can, for example, include
one or more polymers, such as polyurethanes, poly-
ether-amides, poly butyrates, poly-vinyl butyrates, poly-
acrilonitriles, acrilonitrile-butyrate-acetate (ABS) tri-pol-
ymer, poly acetates, poly vinyl acetates, PVC, CPVC,
FEP, PTFE, polyacetals, polyolefins, polyamides (e.g.
nylon 12, nylon 11 , nylon 6/12, nylon 6, and nylon 66),
Polyesters, polyethers, polyureas, polyvinyls polyacryl-
ics, fluoropolymers, and copolymers and block copoly-
mers thereof intermediate component 125 can, for ex-
ample include block copolymers of polyether and polya-
mide, such as Pebax® (e.g., Pebux® with a relatively
high durometer value, such as 50). In some embodi-
ments, intermediate component 125 includes a clay, sil-
ica, or metallic nanocomposite.
[0062] In some embodiments, intermediate compo-
nent 125 includes one or more cross-linking agents. The
crow-linking gents can increase the strength, flexibility,
and/or extensibility of intermediate component 125. In-
termediate component 125 can have a different material
composition than proximal and/or inner components 115,
120.
[0063] Proximal component 115 and/or distal compo-
nent 120 can includes one or more polymeric materials.
Exemplary polymeric materials include thermoplastics
and thermosets. Examples of thermoplastics include, for
example, polyolefins; polyamides, such as nylon 12, ny-
lon 11, nylon 6/12, nylon 6, and nylon 66; polyesters;
polyethers; polyurethanes; polyureas; polyvinyls; poly-
acrylics; fluoropolymers; copolymer and black copoly-
mers thereof, such as brock copolymers of polyether and
polyamide, e.g., Pebax® (e.g, Pebax® with to relatively
high durometer value, such as 50); and mixtures thereof.
Examples of thermosets include elastomers such as EP-
DM, epichlorohydrin, nitrile butadiene elastomers, sili-
cones, etc. Conventional thermosets such as epoxies,
isocyanates, etc., can also be used. Biocompatible ther-
mosets, for example, biodegradable polycaprolactone,
poly(dimethylsiloxane) containing polyurethanes and
ureas, and polysiloxanes, may also be used. One or more
of these materials can be used in any combination.
[0064] Other polymeric materials include for example,
elastomers such as thermoplastic elastomers and engi-
neering thermoplastic elastomers, such as polybutylene
terephthalate-polyethene glycol block copolymers,
which are available, for example, as HYTREL® Elastom-
ers are discussed, for example, in Hamilton U.S. Patent
No. 5,7.97,877, which is incorporated herein by reference
in its entirety. Other polymers include liquid crystal poly-
mers (LCP’s). Examples of LCPs include polyester(s),
polyamide(s) and/or their copolymers, such as VEC-
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TRA® A (Ticona), VECTRA® B (Ticona) and VECTRA®

LKX (Ticona) (e.g., VECTRA® LKX 1111 (Ticona))Alter-
natively or additionally, proximal component 115 and/or
distal component 120 can include one or more metals,
such as steel, aluminum, titanium, platinum, gold, cop-
per, zinc, iron, Bismuth, Barium, and/or ans or more salts
from these metals.
[0065] In some embodiments, proximal components
15 includes (e.g., is formed of) the same type of material
or material combination as distal component 120. Alter-
natively, proximal component 115 can include (e.g., can
be formed of) a different type of material or material com-
bination than distal component 120. In certain embodi-
ments, for example, proximal component 115 includes
one or more nylons, such as nylon 12, and distal com-
ponent 120 includes one or more polyether block amides,
such as Pebax. In such embodiments, intermediate com-
ponent 125 can Include one or more polyurethanes,
which are capable of being bonded (e.g., chemically
bonded) to both nylons and polyether block amides.
[0066] The dimension of proximal component 115. dis-
tal component 120, and intermediate component 125 can
vary depending on the intended use of the balloon cath-
eter. The lengths of the components can, for example,
vary, In some embodiments, intermediate component
125 is shorter than proximal component 115 an/or distal
component 120. In certain embodiments, intermediate
component 25 is longer than proximal component 115
and/or distant components 120. In certain embodiments,
intermediate component has a length of about 0.5 cen-
timeter to about 20 centimeters (e.g., about one centim-
eter to about five centimeters, about five centimeter to
about ten centimeters, about ten centimeters to about 20
centimeters).
[0067] Figs. 5A-5D illustrate an embodiment of a meth-
od of manufacturing inner catheter shaft 105 of balloon
catheter 100. As shown in Fig. 5A, the method begins
with a tubular member 200. Material is removed from a
circumferential end region 205 of tubular member 200 to
form proximal inner component 115, as shown in Fig, 5B.
The material from end region 205 of tubular member 200
can be removed using one or more material removal tech-
niques, such was centerless grinding, cryogenic grind-
ing, machining, skiving, laser ablation, etc. While remov-
ing material from tubular member 200, a support member
(e.g., a polytetrafluoroethylene coated steel shaft) can
be disposed within a lumen 202 of tubular member 200.
The support member can help to stabilise tubular mem-
ber 200 during the material removal process. In certain
embodiments, the support member can rotate tubular
member 200 during the material removal process to help
ensure that material is evenly removed around the cir-
cumference of tubular member 200. As an alternative to
or in addition to removing material from tubular member
200, tubular member 200 can be moulded into a desired
shape (e.g., the desired shape of proximal inner compo-
nent 115).
[0068] Proximal inner component 113, as shown in Fig.

5B, includes a taper 117 at the end from which the ma-
terial was removed from tubular member 200 (e.g., at the
distal end of proximal inner component 115). Taper 117
provides a bond region with an increased surface area.
As an alternative to or in addition to taper 117, material
can be removed from the end of tubular member 200 to
form other shapes that result in an increased surface
area to which another tubular member can be bonded.
For example, material can be removed in a manner to
provide an end region with a double taper (e.g., an end
region that both tapers inward from an outer surface and
tapers outward from an inner surface). As another exam-
ple, the end could have a notched shape or beaded shape
so as to facilitate a mechanical interlocking of the adja-
cent components.
[0069] A second tubular member (not shown) is also
provided, and material is similarly removed from an end
region of the second tubular member to form distal inner
component 120. The material can be removed from the
end region of the second tubular member using one or
more of the material removal techniques indicated above.
[0070] After forming proximal and distal components
115 and 120 from their respective tubular members, prox-
imal and distal components 115 and 120 can be disposed
on a mandrel (e.g., a polytetrafluoroethylene coated steel
shaft) 207, as shown in Fig. 5C. Proximal and distal com-
ponents 115 and 120 can be positioned in an axially
spaced relationship along mandrel 207. Mandrel 207 can
provide structural support to proximal and distal compo-
nents 115 and 120 during the molding process.
[0071] Fig. 5D illustrates a cross sectional view of a
molding device 210 that includes a cover 215 and a base
220. When cover 215 is closed, as shown in Fig. 5D,
cover 215 and base 220 define a channel 225 therebe-
tween into which mandrel 207 and portions of proximal
and distal inner components 115 and 120 can be insert-
ed. Cover 215 includes an inlet passage 245 and an outlet
passage 250, both of which are in fluid communication
with channel 225. Molding device 210 can include (e.g.,
can be formed of) one or more materials that have rela-
tively high melting temperatures. For example, molding
device 210 can include one or more metals, such as 440C
stainless steel, copper, and/or brass. Alternatively or ad-
ditionally, molding device can include one or more ce-
ramics and/or one or more glasses, such as silica glass
(e.g., Pyrex®) or sapphire glass. In certain embodiments,
the inner surface of molding device 210 (e.g., the surface
that defines channel 225) is lined with a low friction ma-
terial, such as PTFE, so that the catheter shaft molded
therein can be easily removed from the molding device
after being molded.
[0072] In some embodiments, molding device 210 is
temperature controlled. For example, molding device
210 can include one or more cooling tubes connected to
a high temperature cooling device, such as a chiller or a
refrigerant. Alternatively or additionally, molding device
210 can include a series of cooling fins, along with ap-
propriately sized forced convection devices (e.g., fans or
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blowers). In some embodiments, molding device 210 is
surrounded by a temperature-controlling jacket, such as
an insulated high pressure steam jacket and/or a hot-oil
jacket. In certain embodiments, molding device 210 is
heated by RF induction heating and cooled by forced
convection. Molding device 210 can be heated and/or
cooled to help regulate the temperature of the molding
device.
[0073] As shown in Fig. 5E, proximal inner component
115 is disposed within a proximal region of channel 225
in molding device 210, and distal inner component 120
is disposed within a distal region of channel 225 in mold-
ing device 210. Proximal and distal components 115 and
120 are positioned within molding device 210 in a manner
such that a distal end 119 of proximal inner component
115 is axially spaced from a proximal end 122 of distal
inner component 120. Proximal and distal components
115 and 120 can, for example, be spaced from one an-
other within molding device 210 by a distance that is sub-
stantially equal to the desired length of intermediate com-
ponent 125. After proximal and distal inner components
115 and 120 are positioned as desired within molding
device 210, cover 215 of molding device 210 is closed
to secure proximal and distal components 115 and 120
in their respective axial positions. Cover 215 and base
220 of molding device 210 can, for example, compress
proximal and distal components 115 and 120 therebe-
tween, when cover 215 is closed, to retain proximal inner
component 115 and distal inner component 120 in sub-
stantially axially fixed positions relative to one another.
Alternatively or additionally, proximal and distal compo-
nents 115 and 120 can be axially secured by creating a
vacuum at outlet passage 250 such that a net inward
thrust is created on proximal and distal components 115
and 120.
[0074] A tubular void 235 is formed within channel 225,
between proximal and distal inner components 115 and
120 and around mandrel 207. As described below, inter-
mediate tubular member 125 can be molded within void
235. Thus, proximal and distal components 115 and 120
can be positioned closer together or farther apart along
mandrel 207, depending on the desired length of inter-
mediate component 125. Similarly, the shape of molding
device 210 (e.g., the shape of that portion of molding
device 210 that defines void 235) can be selected and/or
altered based on the desired size and shape of interme-
diate component 125. In some embodiments, inner sur-
faces of molding device 210 are lined with a non-stick
material, such as PTFE, to facilitate removal of interme-
diate component 125 from void 235 after being molded
therein.
[0075] Referring to Fig. 5F, after cover 215 is closed
and proximal and distal components 115 and 120 are
axially secured, molten resin 240 is injected into tubular
void 235 via inlet passage 245. As resin 240 is injected
into void 235 via inlet passage 245, air from within void
235 is allowed to escape via outlet passage 250. Alter-
natively or additionally, air can be evacuated from void

235 via outlet passage 250 (e.g., by applying a vacuum
to outlet passage 250) prior to the injection of resin 240.
In certain embodiments, inlet passage 245 and/or outlet
passage 250 is/are used to introduce inert gases, such
as nitrogen and/or argon, into void 235. Resin 240 is in-
jected into void 235 until void 235 has been substantially
filled (e.g., until about 98 percent or more by volume of
void 235 has been filled with resin). In certain embodi-
ments, void 235 is overfilled (e.g., filled beyond capacity).
In such embodiments, excess resin can enter outlet pas-
sage 250.
[0076] Depending on the composition of resin 240 and
the composition or proximal and distal components 115
and 120, resin 240 can be injected at various different
temperatures, pressures, and flow rates. In some em-
bodiments, resin 240 is injected into tubular void 235 at
a temperature of about 80 degrees Celsius to about 500
degrees Celsius, a pressure of about 300 kPa to about
35,000 kPa and/or a flow rate of about one ml/min to
about 1000 ml/min.
[0077] Resin 240 can have a viscosity of about 4500
Pa-s or less (e.g., about 3500 Pas or less, about 2500
Pa-s or less, about 1500 Pa-s or less, about 1000 Pa-s
or less) when injected into void 230. In certain embodi-
ments, resin 240 has a viscosity of about 500 Pa-s to
about 4500 Pa-s (e.g., about 1000 Pa-s to about 3 500
Pa-s, about 1500 Pa-s to about 2500 Pa-s). Resin 240
can, for example, be heated prior to injection into void
235 until the resin reaches a targeted viscosity. Resin
240 can include one or more of the materials discussed
herein with respect to intermediate component 125.
[0078] After void 235 has been filled with resin 240,
the resin and proximal and distal components 115, 120
are maintained at the mold temperature for a prescribed
dwell time, The mold temperature can range from about
130 degrees Celsius to about 230 degrees Celsius. The
prescribed dwell time can be of sufficient duration to allow
for the completion of the bond between resin 240, prox-
imal component 115 and distal component 120. In some
embodiments, the prescribed period of time ranges from
about one second to about 30 seconds.
[0079] After void 235 has been filled with resin 240 and
maintained at the elevated temperature for the pre-
scribed dwell time, the resin is allowed to cool and solidify.
In certain embodiments, as discussed above, a cooling
device, such as a steam jacket, can be used to control
(e.g., increase) the rate at which the resin cools. The
cooling time can range from about five seconds to about
two minutes. In certain embodiments, as an intermediate
step during the cooling process, molding device 210 is
maintained at a prescribed temperature (e.g., about 90
degrees Celsius to about 150 degrees Celsius) in order
to facilitate annealing of the solidified resin 240. The resin
within void 230, when solidified, forms intermediate com-
ponent 125 of inner shaft 105. Inner shaft 105 can be
connected to outer shaft 110 and balloon 127 of balloon
catheter 100 using one or more attachment techniques,
such as laser bonding and/or adhesive bonding.
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[0080] Figs. 3A-3E show a method of using balloon
catheter 100. Referring to Fig. 3A, the method includes
inserting a guide wire 165 into a body vessel 170 (e.g.,
a blood vessel) and then feeding balloon catheter 100
over guide wire 165 so that guide wire 165 is disposed
within guide wire lumen 140 of inner catheter shaft 105.
Balloon catheter 100 is then advanced along guide wire
165 and through body vessel 170 until the deflated bal-
loon 127 and stent 150 are positioned within an occluded
region 175 of vessel 170, as shown in Fig. 3B. After being
positioned within occluded region 175 of vessel 170, bal-
loon 127 is inflated to deploy stent 150 within vessel 170,
as shown in Fig. 3C. Balloon 127 can be expanded by
passing an inflation fluid, such as saline, through annular
inflation lumen 145. An inflation mechanism, such as a
syringe; can, for example, be connected to a proximal
end (not shown) of balloon catheter 100 in order to deliver
the inflation fluid to balloon 127. The inflation of balloon
127 and deployment of stent 150 can help to radially ex-
pand occlusion 175 and/or to provide radial support in
that region of vessel 170. Once stent 150 has been de-
ployed, balloon 127 is deflated and balloon catheter 100
is withdrawn from vessel 170, as shown in Figs. 3D and
3E.
[0081] While various embodiments have been de-
scribed, other embodiments are possible.
[0082] As an example, in some embodiments, the flex-
ibilility of intermediate component 125 varies along its
length. For example, intermediate component 125 can
become increasingly flexible from its proximal end to its
distal end to enhance trackability of the catheter. Inter-
mediate component 125 can, for example, be formed to
be increasingly flexible along its length by altering the
composition of resin 140 delivered through inlet passage
145. Alternatively or additionally, the wall of intermediate
component 125 can become increasingly thinner from a
proximal end of the intermediate component to a distal
end of the intermediate component. The increasingly thin
wall can, for example, be formed by altering the config-
uration of void 235 and/or mandrel 207.
[0083] As another example, in certain embodiments,
intermediate component 125 is more flexible than prox-
imal and distal components 115 and 120. Intermediate
125 can be positioned at a region of the catheter that
experiences a high degree of flexure during use. For ex-
ample, intermediate component 125 can be located at a
region of the catheter that is positioned within a tortuous
region of the vessel (e.g., at the junction between the
aortic artery and the coronary artery) during use. The
relatively high degree of flexibility of intermediate com-
ponent 125 can, for example, help to improve the ability
of the catheter to be positioned within and/or pass
through the tortuous region of the vessel. Intermediate
component 125 can include one or more materials (e.g.,
can be formed of one or more materials) that have greater
flexibility than the materials of proximal and distal inner
components 115 and 120. In certain embodiments, in-
termediate component 125 includes one or more mate-

rials that are softer than the materials of proximal and
distal inner components 115 and 120. Intermediate com-
ponent 125 can, for example, have a hardness that is
about 10D to about 40D less than a hardness of proximal
and distal inner components 115 and 120. Intermediate
component 125 can; for example, have a hardness of
about 30D to about 55D. Alternatively or additionally, in-
termediate component 125 can be formed to have a thin-
ner wall than proximal component 115 and/or distal com-
ponent 120.
[0084] As an additional example, in some embodi-
ments, one or more therapeutic agent(s) are carried by
(e.g., carried within) intermediate component 125. Cer-
tain therapeutic agents can, for example, reduce spas-
matic responses during balloon angioplasty. The thera-
peutic agent(s) can be carried by intermediate compo-
nent 125 using one or more techniques, such as pre-
blending the therapeutic agent(s) with the resin of inter-
mediate component 125 and/or coasting intermediate
component 125 with the therapeutic agent(s). Examples
of therapeutic agents include paclitaxel, oxybutynin, bel-
ladonna alkaloids, phenobarbital, non-steroidal anti-in-
flammatory drugs, and heparin.
[0085] As a further example, in some embodiments,
materials are embedded within intermediate component
125 during the molding process. Electrical conductors
(e.g., braided or coiled electrically conductive wires) can,
for example, be embedded within the intermediate com-
ponent. During-the molding process shown in Figs. 5E
and 5F; for example, the electrical conductors can be
disposed within tubular void 235 such that at least a por-
tion of the electrical conductors become entrapped within
resin 240 when resin 240 is injected into molding device
210. As another example, reinforcement elements, such
as fiber glass strands, metal fibers, and/or ceramic fibers,
can similarly be embedded within intermediate compo-
nent 125 by disposing the reinforcement elements within
tubular void 235 prior to injecting resin 240 into the void.
The electrical conductors and renforcement elements
can help to provide intermediate component 125 with in-
creased strength (e.g., increased radial strength).
[0086] As another example, the intermediate compo-
nent can be located at a position along balloon catheter
that is predetermined to be positioned within a tortuous
region of a blood vessel during use (e.g., during deploy-
ment of the stent). The tortuous region of the blood vessel
can, for example, have one or more regions that arc bent
at an angle of at least about 70 degrees (e.g., at least
about 90 degrees, about 70 degrees to about 110 de-
grees). This positioning of the intermediate component
along the catheter can be advantageous, for example,
when the intermediate component has a property (e.g.,
a level of flexibility) that allows it to be more easily posi-
tioned within the tortuous region of the vessel than the
proximal component and/or distal component. To deter-
mine the position along the balloon catheter at which to
locate the intermediate component, the region of the ves-
sel in which the balloon catheter is to be used can first
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be imaged using a technique, such as x-ray, fluoroscopy,
or magnetic resonance imaging. Based on the images
of the vessel the desire distance between the region of
the vessel two be treated (e.g., the occluded region) and
the region of the vessel at which to position the interme-
diate component (e.g., the tortuous region) can be de-
termined. The balloon catheter can then be formed so
that the intermediate component is spaced apart from
the balloon by a distance that is substantially equal to
the distance between the region of the vessel to be treat-
ed and the tortuous region of the vessel.
[0087] Fig. 6 illustrates the use of a balloon catheter
300 including an inner catheter shaft 305 and an outer
catheter shaft 314. Inner catheter shaft 305 includes an
intermediate component 325 that is located in a prede-
termined position along the balloon catheter to fit within
a tortuous or bent region 180 of vessel 170 during use.
For example, intermediate components 325 can be ar-
ranged to be positioned at a junction between the aorta
and coronary artery of a patient during use. Intermediate
component 325 is bonded axially between less flexible
proximal and distal components 315 and 320. When bal-
loon 327 and stent 150 are positioned as desired, e.g.,
within occluded region 175 of vessel 170, intermediate
component 325 is adjacent tortuous or bent region 180
of vessel 170 (e.g., a region in which the aorta connects
to the coronary artery). Because of the increased flexi-
bility of intermediate component 325 relative to proximal
and distal component 315 and 320; intermediate com-
ponent 325 conforms to the bend of the vessel relatively
well. Thus, this arrangement can help to improve mobility
of the catheter through tortuous vessels. In some em-
bodiments, the arrangement can help to position balloon
327 and stent 150 with improved precision. For example,
balloon 327 and stent 150, notwithstanding bend 180,
can remain positioned in a generally central location of
vessel 170 during use. This positioning can help to in-
crease the precision with which stent 150 is deployed in
the vessel.
[0088] As a further example, while the intermediate
components of the embodiments above include outer
surfaces that are substantially uniform along their
lengths, in certain embodiments, the intermediate com-
ponents can include raised features extending from their
surfaces. As shown in Fig. 7, for example, intermediate
component 425 is corrugated. In this embodiment, inter-
mediate component 425 includes raised features 430
that extend inwardly from an inner surface 435 and out-
wardly from an outer surface 440. The corrugated ar-
rangement of intermediate component 425 can help to
prevent intermediate component 125 from linking during
use.
[0089] The corrugated intermediate component 425
can be molded using methods similar to those described
above. The molding device in which intermediate com-
ponent 425 can include a corrugated inner surface that
corresponds to the desired corrugated surface of inter-
mediate component 425. The molding device can, for

example, include a central channel and multiple recessed
regions that extend outwardly from and are in fluid com-
munication with the central channel. The tubular body of
intermediate component 425 can be formed within the
channel of the mold and the raised features can be
formed within the recessed regions extending outwardly
from the channel.
[0090] Referring to Fig. 8, as another example, an in-
termediate component 525 includes annular rings 530
that extend circumferentially about an outer surface 540
of intermediate component 525. In certain embodiments,
as shown in Fig. 8, annular rings 530 are substantially
evenly spaced along intermediate component 525 and
can help to increase the strength of intermediate com-
ponent 525. In certain embodiments, annular rings 530
can be variably spaced along intermediate component
525. For example, annular rings 525 can become in-
creasingly spaced apart from a proximal end 545 of in-
termediate component 525 to a distal end 550 of inter-
mediate component. 525. As a result, intermediate com-
ponent 525 can decrease in stiffness from proximal end
545 to distal end 550. As an alternative to or in addition
to annular rings, the intermediate component can include
a raised helical member that extends along the outer sur-
face of the component.
[0091] Intermediate component 525 can be molded in
a molding device like those described above. The mold-
ing device can, for example, include a central channel
and multiple recessed regions that extend outwardly from
and arc in fluid communication with the central channel.
The tubular body of intermediate component 525 can be
formed within the channel of the mold and the raised
feature(s) can be formed within the recessed regions ex-
tending outwardly from the channel.
[0092] As an additional example, while the embodi-
ments above describe intermediate components with
substantially circular cross sections, the intermediate
components can alternatively or additionally have other
cross sectional shapes. As shown in Fig. 9, for example,
an intermediate component 625 has a substantially oval
cross sectional shape. Referring to Fig. 10, intermediate
725 has an octagonal cross sectional shape. Intermedi-
ate component 825, as shown in Fig. 11, has a square
cross sectional shape. As shown in Fig. 12, intermediate
component 12 has a generally star-shaped cross section.
Intermediate components of non-circular cross sectional
shape can be molded by using a molding device that
incudes a non-crcular molding channel or void and/or a
mandrel having a non-circular cross sectional shape. In
some embodiments, intermediate components with non-
circular cross sectional shapes can help to reduce the
amount of friction caused by the outer tubular member
of the catheter sliding against the inner tubular member
of the catheter.
[0093] As another example, while embodiments above
describe particular materials with which proximal com-
ponent 115, distal component 120, and intermediate
component 125 can be formed, these components can
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be formed using any of the material discussed herein in
various different combinations. For example, one or more
of the materials described herein with respect to proximal
and distal components 115, 120 can be used to form
intermediate component 125, and vice versa.
[0094] As an additional example, while embodiments
above describe devices that include a single intermediate
component between the proximal and distal compo-
nents, in some embodiments, devices include multiple
(e.g., two or more, three or more, four or more, five or
more) intermediate components disposed between prox-
imal and distal components. Referring to Fig. 13, for ex-
ample, a catheter shaft includes first and second inter-
mediate components 125, 1025 positioned between
proximal and distal components 115, 120. In certain em-
bodiments, intermediate components 125 and 1025 have
material compositions that differ from one another. In
some embodiments, intermediate component 125, is
more compatible (e.g., thermally and/or chemically com-
patible) with proximal component 115 than intermediate
1025, and intermediate component 1025 is more com-
patible with distal component 120 than intermediate com-
ponent 125. Thus, by using both intermediate compo-
nents, rather than only one intermediate component, the
bonds between the various components of the catheter
shaft can be increased. The catheter shaft can be formed
using one or more techniques similar to those described
above with respect to balloon catheter 100. Intermediate
components 125 and 1025 can, for example, be formed
by injecting two different streams of resin into a molding
device.
[0095] As a further example, while the embodiments
described above relate to inner catheter shafts of balloon
catheters, other components of balloon catheters can al-
ternatively or additionally include integrally molded prox-
imal, distale, and intermediate components, similar to
those described above with respect two inner shafts. In
some embodiments; for example, the outer shaft includes
integrally moulded proximal, distal, and intermediate
components. In certain embodiments, both the inner
shaft and the outer shaft include such arrangements. In
some embodiments, the intermediate component of the
outer shaft is axially positioned along the balloon catheter
in substantially the same region as the intermediate com-
ponent of the inner shaft. In certain embodiments, the
intermediate component of the outer shaft is arranged
along a region of the outer shaft that is predetermined to
be positioned adjacent a tortuous region of a vessel dur-
ing use. Alternatively or additionally, the intermediate
component of the outer shaft can be positioned at other
locations along outer shaft.
[0096] As an additional example, while the embodi-
ments described above relate to balloon catheters, other
types of medical devices can similarly include one or
more tubular members or shafts like those described
herein. Examples of other types of medical devices in-
clude self-expanding stent delivery systems (e.g., inner
members of self-expanding stent delivery systems, outer

sheaths of self-expanding stent delivery systems), guide
catheters, endoscopes, cardiac rhythm management
(CRM) conductive wires, urologic drainage devices,
post-surgical wound drainage devices, and stomach
feeding tubes.
[0097] The following example illustrates a process for
manufacturing a catheter shaft:

Example 1

[0098] To form a catheter shaft, a proximal tubular seg-
ment constructed from Nylon 12, and a distal tubular seg-
ment constructed from Pebax 7033 are provided. The
proximal tubular segment has an outer diameter of ap-
proximately 0.045 inch (approximately 1.14 millimeters)
and an inner diameter of approximately 0.038 inch (ap-
proximately 0.965 millimeter). The distal tubular segment
has an outer diameter of approximately 0.028 inch (ap-
proximately 0.711 millimeter) and an inner diameter of
approximately 0.024 inch (approximately 0.610 millime-
ter).
[0099] A known skiving operation is used to form a
taper on a proximal end region of the distal tubular seg-
ment and on a distal end region of the proximal tubular
segment. For each segment, approximately one centim-
eter of the shaft is skived. After the skiving operation, the
end regions of the tubular segments are trimmed, result-
ing in a tapered region having a length of one centimeter.
[0100] After forming the tapered regions on the proxi-
mal and distale tubular segments, a PTFE-coated steel
mandrel is inserted through the central lumens of the
proximal and distal tubular segments. The coated man-
drel is tapered to accommodate the smaller inner diam-
eter of the distal segment and the larger inner diameter
of the proximal segment. The mandrel includes markings
made with a dye to assist the technician in correctly po-
sitioning each of the segments on the mandrel. The PT-
FE-coated steel mandrel is arranged to extend distally
beyond the distal segment when the proximal and distal
segments arc appropriately positioned on the mandrel.
This arrangement helps to facilitate extraction of the man-
drel after completion of the molding procedure discussed
below.
[0101] After positioning the proximal and distal tubular
segments on the mandrel, the assembly of the proximal
segment, the distal segment, and the mandrel are placed
onto a lower half of an open mold. The mold, when closed,
forms a cavity. There is one injector gate at the top of the
mold and there are two exit gates at the bottom of the
mold. One of the exit gates is at the distal end of the mold
and the other is at the proximal end of the mold. The
interior portion of the mold is coated with a non-strick
surface such as PTFE. The material from which the mold
is formed allows for the transmission of ultraviolet light
therethrough.
[0102] Once the assembly of the distal segment, the
proximal segment, and the mandrel is placed onto the
lower half of the open mold, the mold is closed and a
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clamping force of approximately 500 pounds is evenly
applied to the mold. The inner diameter of the closed
mold, which defines the cavity, is approximately 0.0015
inch (approximately 0.038 millimeter) smaller than the
outer diameter of the proximal and distal tubular seg-
ments. Thus, the proximal and distal tubular segments
are immobilized by the closed mold. Subsequently, the
mold is heated to 110°C, and a vacuum of approximately
50 millimeters of mercury is applied to the exit gates so
that all of the air is evacuated from the cavity formed by
the closed mold. A UV-cured epoxy (e.g., Masterbond
UV15-7SP4DC) is then injected into the cavity of the mold
at a temperature of 110°C. The duration of the injection
is approximately thee seconds. After injecting the UV-
cured epoxy into the mold, the mold is irradiated with
ultraviolet light for one minute to initiate the curing proc-
ess. The temperature of the mold is then increased to
120°C for five minutes to allow the epoxy to set, thereby
forming the intermediate segment of the catheter shaft.
The assembly is then removed from the mold and placed
in a chamber for controlled curling of the intermediate
segment.
[0103] The outer surface of the intermediate segment
includes a shallow corrugation. The inner diameter of the
intermediate segment is tapered linearly from 0.038 inch
(0.965 millimeter) to 0.024 inch (0.610 millimeter). The
length of the intermediate segment is approximately eight
centimeters long.
[0104] Other embodiments are within the scope of the
following claims.

Claims

1. : A method of manufacturing a medical device, the
method comprising:

disposing first and second tubular members,
wherein the first and second tubular members
are thermally incompatible, in an axially spaced
arrangement within a cavity at least partially de-
fined by a mold, each of the first and second
tubular members defining a lumen extending
therethrough;
delivering molten resin into a region of the mold
between the first and second tubular members,
the resin, when set, forming an intermediate tu-
bular member having a composition that differs
from a composition of at least one of the first and
second tubular members; and
disposing a tip at a distal end region of the med-
ical device.

2. The method of claim 1, wherein the tip is secured to
at least one of the first and second tubular members.

3. The method of claim 1, further comprising disposing
a mandrel within at least one of the lumens of the

first and second tubular members.

4. The method of claim 1, wherein the mold defines at
least one recessed region extending outwardly from
and in fluid communication with the cavity.

5. The method of claim 4, wherein the at least one re-
cessed region comprises a channel extending cir-
cumferentially about the cavity.

6. The method of claim 4, wherein the recessed region
comprises a helical channel.

7. The method of claim 4, wherein the mold defines a
plurality of recessed regions axially spaced along
the mold.

8. The method of claim 1, wherein the mold is config-
ured to substantially prevent the first and second tu-
bular members from moving axially relative to one
another when the first and second tubular members
are disposed within the mold.

9. The method of claim 1, wherein the resin has a melt-
ing temperature that is lower than a melting temper-
ature of the first and second tubular members.

10. The method of claim 1, further comprising heating
the mold to a temperature that is lower than a melting
temperature of the first and second tubular mem-
bers.

11. The method of claim 1, wherein the resin and at least
one of the first and second tubular members are ther-
mally incompatible.

12. The method of claim 1, wherein the intermediate tu-
bular member has a hardness that is less than a
hardness of at least one of the first and second tu-
bular members.

13. The method of claim 1, further comprising removing
material from at least one end region of each of the
first and second tubular members each of the end
regions comprising a surface that extends at an
acute angle relative to a longitudinal axis of the med-
ical device after removing the material.

14. The method of claim I, further comprising chemically
bonding the resin to at least one of the first and sec-
ond tubular members.

15. A medical device, comprising:

a proximal tubular member;
a distal tubular member; and
an intermediate tubular member bonded to a dis-
tal end region of the proximal tubular member
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and bonded to a proximal end region of the distal
tubular member, the intermediate tubular mem-
ber comprising at least one material that is ther-
mally incompatible with at least one material of
the proximal and distal tubular members.

16. The medical device of claim 15, further comprising
a flexible tip secured to a distal end region of the
medical device.

17. The medical device of claim 15; wherein the inter-
mediate tubular member comprises at least one
raised feature extending from an outer surface of the
intermediate tubular member.

Patentansprüche

1. Verfahren zur Herstellung eines Medizinprodukts,
wobei das Verfahren aufweist:

Anordnen eines ersten und eines zweiten Röh-
renteils, wobei das erste und zweite Röhrenteil
thermisch inkompatibel sind, in einer axial be-
abstandeten Anordnung in einem Hohlraum, der
mindestens teilweise durch eine Form gebildet
ist, wobei das erste und zweite Röhrenteil je-
weils ein sich durch sie erstreckendes Lumen
bilden;
Abgeben von Schmelzharz in einen Bereich der
Form zwischen dem ersten und zweiten Röh-
renteil, wobei das Harz im gehärteten Zustand
ein Zwischenröhrenteil mit einer Zusammenset-
zung bildet, die sich von einer Zusammenset-
zung des ersten und/oder zweiten Röhrenteils
unterscheidet; und
Anordnen einer Spitze an einem distalen End-
bereich des Medizinprodukts.

2. Verfahren nach Anspruch 1, wobei die Spitze am
ersten und/oder zweiten Röhrenteil befestigt wird.

3. Verfahren nach Anspruch 1, ferner mit Anordnen ei-
nes Dorns in mindestens einem der Lumen des er-
sten und zweiten Röhrenteils.

4. Verfahren nach Anspruch 1, wobei die Form minde-
stens einen vertieften Bereich bildet, der sich vom
Hohlraum und mit ihm in Fluidverbindung nach au-
ßen erstreckt.

5. Verfahren nach Anspruch 4, wobei der mindestens
eine vertiefte Bereich einen Kanal aufweist, der sich
entlang des Umfangs um den Hohlraum erstreckt.

6. Verfahren nach Anspruch 4, wobei der vertiefte Be-
reich einen helikalen Kanal aufweist.

7. Verfahren nach Anspruch 4, wobei die Form meh-
rere vertiefte Bereiche bildet, die entlang der Form
axial beabstandet sind.

8. Verfahren nach Anspruch 1, wobei die Form so kon-
figuriert ist, dass sie das erste und zweite Röhrenteil
im wesentlichen daran hindert, sich relativ zueinan-
der axial zu bewegen, wenn das erste und zweite
Röhrenteil in der Form angeordnet sind.

9. Verfahren nach Anspruch 1, wobei das Harz eine
Schmelztemperatur hat, die niedriger als eine
Schmelztemperatur des ersten und zweiten Röhren-
teils ist.

10. Verfahren nach Anspruch 1, ferner mit Erwärmen
der Form auf eine Temperatur, die niedriger als eine
Schmelztemperatur des ersten und zweiten Röhren-
teils ist.

11. Verfahren nach Anspruch 1, wobei das Harz und das
erste und/oder zweite Röhrenteil thermisch inkom-
patibel sind.

12. Verfahren nach Anspruch 1, wobei das Zwischen-
röhrenteil eine Härte hat, die kleiner als eine Härte
des ersten und/oder zweiten Röhrenteils ist.

13. Verfahren nach Anspruch 1, ferner mit Abtragen von
Material von mindestens einem Endbereich des je-
weiligen ersten als auch des zweiten Röhrenteils,
wobei jeder der Endbereiche eine Oberfläche auf-
weist, die sich in einem spitzen Winkel relativ zu einer
Längsachse des Medizinprodukts nach Abtragen
des Materials erstreckt.

14. Verfahren nach Anspruch 1, ferner mit chemischem
Verbinden des Harzes mit dem ersten und/oder
zweiten Röhrenteil.

15. Medizinprodukt mit:

einem proximalen Röhrenteil;
einem distalen Röhrenteil; und
einem Zwischenröhrenteil, das mit einem dista-
len Endbereich des proximalen Röhrenteils ver-
bunden ist und mit einem proximalen Endbe-
reich des distalen Röhrenteils verbunden ist,
wobei das Zwischenröhrenteil mindestens ein
Material aufweist, das mit mindestens einem
Material des proximalen und distalen Röhren-
teils thermisch inkompatibel ist.

16. Medizinprodukt nach Anspruch 15, ferner mit einer
flexiblen Spitze, die an einem distalen Endbereich
des Medizinprodukts befestigt ist.

17. Medizinprodukt nach Anspruch 15, wobei das Zwi-
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schenröhrenteil mindestens ein erhöhtes Merkmal
aufweist, das sich von einer Außenfläche des Zwi-
schenröhrenteils erstreckt.

Revendications

1. Procédé pour fabriquer un dispositif médical, le pro-
cédé comprenant les étapes consistant :

disposer des premier et deuxième éléments tu-
bulaires, dans lequel les premier et deuxième
éléments tubulaires sont thermiquement incom-
patibles, en un agencement axialement espacé
à l’intérieur d’une cavité au moins partiellement
définie par un moule, chacun des premier et
deuxième éléments tubulaires définissant une
lumière s’étendant à travers ces derniers ;
distribuer de la résine fondue dans une région
du moule située entre les premier et deuxième
éléments tubulaires, la résine, lorsqu’elle est
durcie, formant un élément tubulaire intermé-
diaire ayant une composition qui diffère d’une
composition d’au moins l’un parmi les premier
et deuxième éléments tubulaires ; et
disposer une pointe au niveau d’une région d’ex-
trémité distale du dispositif médical.

2. Procédé selon la revendication 1, dans lequel la
pointe est fixée sur au moins l’un parmi les premier
et deuxième éléments tubulaires.

3. Procédé selon la revendication 1, comprenant en
outre l’étape consistant à disposer un mandrin à l’in-
térieur d’au moins l’une des lumières des premier et
deuxième éléments tubulaires.

4. Procédé selon la revendication 1, dans lequel le
moule définit au moins une région évidée s’étendant
vers l’extérieur à partir de et en communication de
fluide avec la cavité.

5. Procédé selon la revendication 4, dans lequel la au
moins une région évidée comprend un canal s’éten-
dant de manière circonférentielle autour de la cavité.

6. Procédé selon la revendication 4, dans lequel la ré-
gion évidée comprend un canal hélicoïdal.

7. Procédé selon la revendication 4, dans lequel le
moule définit une pluralité de régions évidées, axia-
lement espacées le long du moule.

8. Procédé selon la revendication 1, dans lequel le
moule est configuré pour empêcher sensiblement
les premier et deuxième éléments tubulaires de se
déplacer axialement l’un par rapport à l’autre lorsque
les premier et deuxième éléments tubulaires sont

disposés à l’intérieur du moule.

9. Procédé selon la revendication 1, dans lequel la ré-
sine a une température de fusion qui est inférieure
à une température de fusion des premier et deuxiè-
me éléments tubulaires.

10. Procédé selon la revendication 1, comprenant en
outre l’étape consistant à chauffer le moule à une
température qui est inférieure à une température de
fusion des premier et deuxième éléments tubulaires.

11. Procédé selon la revendication 1, dans lequel la ré-
sine et au moins l’un parmi les premier et deuxième
éléments tubulaires sont thermiquement incompati-
bles.

12. Procédé selon la revendication 1, dans lequel l’élé-
ment tubulaire intermédiaire a une dureté qui est in-
férieure à une dureté d’au moins l’un parmi les pre-
mier et deuxième éléments tubulaires.

13. Procédé selon la revendication 1, comprenant en
outre l’étape consistant à retirer du matériau d’au
moins une région d’extrémité de chacun parmi les
premier et deuxième éléments tubulaires, chacune
des régions d’extrémité comprenant une surface qui
s’étend selon un angle aigu par rapport à un axe
longitudinal du dispositif médical après avoir retiré
le matériau.

14. Procédé selon la revendication 1, comprenant en
outre l’étape consistant à relier chimiquement la ré-
sine à au moins l’un parmi les premier et deuxième
éléments tubulaires.

15. Dispositif médical comprenant :

un élément tubulaire proximal ;
un élément tubulaire distal ; et
un élément tubulaire intermédiaire relié à une
région d’extrémité distale de l’élément tubulaire
proximal et relié à une région d’extrémité proxi-
male de l’élément tubulaire distal, l’élément tu-
bulaire intermédiaire comprenant au moins un
matériau qui est thermiquement incompatible
avec au moins un matériau des éléments tubu-
laires proximal et distal.

16. Dispositif médical selon la revendication 15, com-
prenant en outre une pointe souple fixée sur une
région d’extrémité distale du dispositif médical.

17. Dispositif médical selon la revendication 15, dans
lequel l’élément tubulaire intermédiaire comprend au
moins une caractéristique relevée s’étendant à partir
d’une surface externe de l’élément tubulaire inter-
médiaire.
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