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Description

FIELD OF THE INVENTION

[0001] This invention relates to polymer shrink tubing.
Such shrink tubing can be used for, among other things,
the manufacture of catheters.

DESCRIPTION OF RELATED ART

[0002] The use of delivery catheters to provide various
treatments to a patient is well known. Such delivery cath-
eters have a variety of well-known uses such as, for ex-
ample, PTA and PTCA treatment, stent delivery, etc.
Many delivery catheters are guided to the treatment lo-
cation through a previously placed guide catheter. More-
over, it is also known to advance diagnostic catheters,
angiographic catheters, and steerable catheters to a
treatment location through a previously placed guide
catheter.
[0003] The guide catheter will typically have a centrally
located lumen, with the delivery catheter passed through
the centrally located lumen to the treatment site. In view
of this, it is common for the inner surface of the guide
catheter that defines the centrally located lumen to be
comprised of a low friction material, such as poly-
tetrafluoroethylene (PTFE). Moreover, to provide struc-
tural support guide catheters usually are metal reinforced
using, for example, a metal braid or coil wrapped about
the low friction material. It is not uncommon for the metal
reinforcement to be embedded by an outer polymer ma-
terial that defines the outer wall portion of the guide cath-
eter.
[0004] Recently, it has been suggested to use guide
type catheters for certain stroke therapies, wherein the
guide catheter is delivered, for example, to a patient’s
carotid artery. Various treatment devices, such as deliv-
ery catheters, balloon-on-a-wire devices, thrombectomy
removal devices, etc., can be guided to the treatment site
through one or more lumens provided in the guide cath-
eter. Moreover, such guide catheters can include an in-
flatable member at the distal end thereof to occlude blood
flow in the selected carotid artery.
[0005] Examples of such stroke therapy catheter con-
structions are illustrated in, for example, commonly
owned U. S. Patent Nos. 6,206,868; 6,423,032;
6,540,712; and 6,295,989.
[0006] Such catheter constructions can present man-
ufacturing challenges. For example, catheter construc-
tions as shown, for example, in commonly owned U. S.
Patent Application Publication Nos. 2003/0040704A1;
2003/0040694A1; and 2003/0040705A1, can include, for
example, at least an inflation lumen in the catheter wall,
which inflation lumen will be in communication with the
inflatable member at the distal end of the catheter. Fur-
ther, the catheter wall can be a polymer material that
embeds a metal reinforcement. Moreover, a PTFE inner
liner material can define a centrally located lumen.

[0007] Providing one or more lumens in the catheter
wall of such constructions is extremely difficult. One
method of providing lumens in the catheter wall is de-
scribed in commonly owned and copending U. S. Patent
Application S. N. 10/895,817, filed July 21, 2004, which
discloses a polymer film wrapping process to produce
such catheters. The catheter can be formed by placing
a thin-walled PTFE liner tube over a mandrel. A wire sup-
port structure (e.g., braid, ribbon, coil, etc.) can then be
placed over the thin-walled tube. Over the wire support
structure is placed a thermoplastic material that is caused
to embed the wire support structure. As taught in this
commonly owned patent application, at least one lumen,
or channel, in the catheter wall can be formed by a laser
cut into a thermoplastic material defining the outer cath-
eter wall. Thereafter, a polymer film is applied to (e.g.,
wrapped about) the catheter wall to close the channel
and form the longitudinally extending lumen in the cath-
eter body. Another method of forming lumens in the cath-
eter wall includes, for example, placing a small, hollow
tube, such as polyimide tube, adjacent the wire support
structure and then embedding the wire support structure
and small tube into the thermoplastic material.
[0008] The present invention provides, among other
things, unique methods of forming such catheter con-
structions that overcome the problems discussed above.
[0009] US 5951929 (Wilson) describes a method of
forming a catheter tube in which rather than using a lap
weld to join dissimilar sections, discloses using a shrink
film to cause a sleeve to melt into a braid.
[0010] US 6280545 (Kanesaka) describes a method
of forming a balloon catheter from a shrink tube, in which
two ends of the balloon are processed so as to have a
different diameter.
[0011] US 2002/0049426 (Butler, et al.) describes a
porous tube for drug delivery.
[0012] WO 99/64097 (Diametrics Medical Limited) de-
scribes a catheter tube in which a reinforcing coil is em-
bedded into a material using shrink tube.
[0013] EP 1004327 (Medtronic Inc) describes a cath-
eter with a soft-tip segment attachment. The soft tip is
placed over the distal portion of the catheter shaft and
bonded thereto using a heat shrink tube.
[0014] JPS 56144126 (Toyo Polymer KK) describes a
method of making a rod, by extruding a plastics tubular
body having external ribs, placing a rod body in the tu-
bular body and adhering the two together by heat shrink-
age.
[0015] WO 01/13982 (Scimed Life Systems Inc) de-
scribes a method of bonding concentric tubular members
to form a catheter shaft, by applying heat to overlapping
parts of the two tubular members.
[0016] US 6280413 (Clark) describes a catheter with
a portion of the shaft having longitudinal ribs, which are
compressed by a sleeve before flaring to a diameter
greater than the diameter of the catheter shaft, when the
sleeve is removed once the ribbed portion is at a drug
delivery site.
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[0017] WO 2004/064891 (Armstrong et al.) discloses
a catheter with a puncturable guidewire lumen. The lu-
men may be defined by a slot in the catheter shaft and
shrink tubing around the slotted portion of the catheter
shaft.

SUMMARY OF THE INVENTION

[0018] Aspects of the invention are recited in the inde-
pendent claim 1. Certain preferred or optional features
of the invention are recited in the dependent claims.
[0019] The invention relates to polymer shrink tubing
and its use in forming a catheter. Disclosed is a tube
comprising a fluoropolymer shrink tube having an inner
surface and at least one three-dimensional pattern
formed along at least a portion of the inner surface of the
tube. In an embodiment, the three-dimensional pattern
comprises at least one rib formed along the inner surface.
The at least one rib can be longitudinally extending, spi-
rally extending, etc.
[0020] Also disclosed is a tube comprising a polymer
shrink tube having an inner surface and at least one rib
formed along the inner surface, the rib extending from
the inner surface and having a height of about 0.1 mm
(0.5 mils) or less, more preferably less than about 0.2
mm.
[0021] Also disclosed is a catheter comprising an inner
liner comprising fluoropolymer (e.g., PTFE) tubing. Pref-
erably the fluoropolymer tube is an extruded PTFE tube.
The tube having a proximal end, a distal end, an inner
surface and an outer surface; an outer polymer tube hav-
ing a proximal end, a distal end, an inner surface and an
outer surface, wherein the inner surface of the outer pol-
ymer tube is positioned over the outer surface of the fluor-
opolymer tube; wherein at least one channel is formed
in the outer polymer tube, the at least one channel pref-
erably measuring about 0.178 mm (7) by about 0.381
mm (15 mils) (0.007" x 0.015") and extending for at least
a portion and preferably a majority of the length of the
catheter; and polymer film covering at least a portion and
preferably a majority of the length of the at least one
channel, thus forming a lumen in the outer polymer tube.
[0022] Disclosed is a method of creating an external,
embossed pattern on the exterior of a cylindrical device
comprising: providing a polymer tube having at least one
exterior surface; providing a polymer shrink tube having
an inner and an outer surface, the inner surface having
at least one three-dimensional pattern thereon; placing
the polymer shrink tube around the polymer tube; apply-
ing sufficient energy to the shrink tube so as to shrink the
shrink tube around the exterior of the polymer tube while
causing at least a portion of the at least one three-dimen-
sional pattern to become embossed into the exterior sur-
face of the polymer tube. The applied energy softens the
polymer tube material and shrinks the shrink tube, thus
leading to embossing the pattern into the polymer tube.
This method is particularly suitable for forming catheters
such as the guide catheters discussed above.

DESCRIPTION OF THE DRAWINGS

[0023] The operation of the present invention should
become apparent from the following description when
considered in conjunction with the accompanying draw-
ings in which:

Figure 1 shows in partial perspective view a polymer
shrink tube;
Figure 2 is a schematic cross-section taken along
lines 2-2 of Figure 1;
Figure 3 is a schematic cross-section of the use of
a polymer shrink tube;
Figure 4 is a schematic cross-section of a further use
of a polymer shrink tube;
Figure 5 is a schematic cross-section of a catheter;
and
Figure 6 is a longitudinal cross-section of a catheter.

DETAILED DESCRIPTION OF THE INVENTION

[0024] In an embodiment, a tube comprises a fluor-
opolymer shrink tube having an inner surface and at least
one three-dimensional pattern formed along at least a
portion of the inner surface of the tube. In an embodiment,
the three-dimensional pattern can comprise at least one
rib (such as at least one longitudinally extending rib)
formed along the inner surface of the tube. Suitable fluor-
opolymer materials include, for example, fluorinated eth-
ylene propylene (FEP), fluoroelastomers such as Vitonfi
fluoroelastomers (DuPont Dow Elastomers), ethylene
tetrafluoroethylene (ETFE), perfluoroalkoxy (PFA), and
polytetrafluoroethylene (PTFE). The fluoropolymer
shrink tube is shown in partial perspective view in Figure
1. Figure 2 is a cross-section schematic drawing taken
along lines 2-2 of Figure 1. As shown in the figures, the
three-dimensional pattern formed along at least a portion
of the inner surface of the tube 10 is indicated by 1, and
in this case, is a longitudinally extending rib which can
extend for essentially the entire length of the tube. Other
three-dimensional patterns are envisioned, such as, for
example, spirally extending ribs, as well as a plurality of
three-dimensional patterns, such as two or more ribs.
[0025] By "shrink tube having at least one three-dimen-
sional pattern formed along at least a portion of the inner
surface of the tube" it is meant to include longitudinally
extending, hollow tubes having at least one protuber-
ance, recess, or otherwise three-dimensional pattern, on
the inner surface of the tube. The tube will exhibit some
shrinkage of its inner diameter upon exposure to suitable
energies, such as heat. Longitudinal shrinkage is not a
requirement, although it may be desirable. Therefore,
"shrink tube" will include a polymer tube that will exhibit
some shrinkage of its inner diameter upon exposure to
suitable energy and may also exhibit some longitudinal
shrinkage upon exposure to suitable energy. It is desir-
able for the shrink tube to shrink in a predictable manner
such that the three-dimensional pattern is predictably re-
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tained upon exposure to the suitable energy.
[0026] Polymer shrink tubes can be made by, for ex-
ample, well-known extrusion processes. Typically such
tubes will be formed having a first inner diameter. The
tube is then expanded to a second inner diameter (re-
ferred to as the "expanded inner diameter"). Upon appli-
cation of suitable energy the inner diameter will shrink
back to about the first inner diameter (referred to as the
"retracted inner diameter").
[0027] As stated above, the shrink tubes can comprise,
for example, the fluoropolymer materials listed above.
The fluoropolymer shrink tubes will shrink when heated
to an appropriate temperature or exposed to other suit-
able energy forms. For example, the following shrink
tubes will shrink at about the listed temperature or tem-
perature range. Vitonfi fluoropolymer , about 120°C; ET-
FE, about 175°C; PFA, about 204°C; FEP, from a bout
210 to about 260°C; PTFE, from about 325 to about
340C. A particularly attractive fluoropolymer tube com-
prises FEP.
[0028] In a further embodiment, a catheter comprises
an inner liner comprising fluoropolymer (e.g., PTFE) tub-
ing having a proximal end, a distal end, an inner surface
defining a generally centrally located catheter lumen and
an outer surface; an outer polymer tube having a proximal
end, a distal end, an inner surface, and an outer surface;
wherein the inner surface of the outer polymer tube is
positioned over the outer surface of the fluoropolymer
tube; wherein further at least one longitudinally extending
channel is formed in the outer polymer tube, the at least
one channel (preferably measuring about 0.178 mm (7)
by about 0.381 mm (15 mils)) extending for at least a
portion and preferably a majority of the length of the cath-
eter; and polymer film covering at least a portion and
preferably a majority of the length of the at least one
channel; thus defining a longitudinally extending lumen
in the catheter wall. Preferably, the catheter is a delivery
catheter having an about 3 mm (9 French) or less outer
diameter, even more preferably an about 2.66 mm (8
French) or less outer diameter. In an embodiment, the
catheter wall has a thickness of about 0.381 mm (15 mil)
or less, and preferably about 0.254 mm (10 mil) or less,
for at least a portion of its length, and preferably over
substantially its entire length. The at least one channel
can be formed using polymer shrink tube. In an embod-
iment the polymer shrink tube has an expanded inner
diameter of about 3.81 mm (0.150 inch) over substantially
the entire length of the tube. In a further embodiment the
polymer shrink tube has a retracted inner diameter of
about 2.54 mm (0.100 inch) over substantially the entire
length of the tube. In a still further embodiment, the at
least one channel can be formed using fluoropolymer
shrink tube, as discussed above. The fluoropolymer tube
can comprise any suitable fluoropolymer as discussed
above and may have an expanded inner diameter of
about 3.81 mm (0.150 inch) over substantially the entire
length of the tube and may also have a retracted inner
diameter of about 2.54 mm (0.100 inch) over substantially

the entire length of the tube. Other polymer shrink tube
may be used, such as olefins, including chlorinated ole-
fins, polyethylene terephthalate (PET), and polyvinyl
chloride (PVC).
[0029] The outer polymer tube can comprise any suit-
able polymer. Preferred polymers include thermoplastics
such as Pebaxfi polyether block amides, nylon, ure-
thanes, polyethylene, polypropylene, FEP, etc. Particu-
larly preferred for the outer polymer tube is a material
comprising Pebaxfi polyether block amides, such as
Pebaxfi 6333.
[0030] It should be understood that although the inner
surface of the outer polymer tube is positioned over the
outer surface of the fluoropolymer tube, there is no re-
quirement that the tube surfaces directly contact each
other. It may be desirable to provide an adhesive between
these materials. Moreover, a reinforcing material such
as a metal (e.g., stainless steel or nitinol) or polymer sup-
port structure such as braiding, coil, stylets, tubing, rib-
bon, or what-have-you can be positioned between the
tube surfaces to obtain desired properties. It may be de-
sirable for the outer polymer tube to at least partially em-
bed any reinforcing material (e.g. metal braid). Moreover,
it may be desirable for the outer polymer to flow through
the reinforcement and bond to the fluoropolymer tube. In
such a case, the fluoropolymer tube outer surface can
be chemically etched to aid in the adhesion between the
outer polymer tube and fluoropolymer tube.
[0031] The polymer film which can cover the at least
one channel, can comprise any suitable polymer film ma-
terial.
[0032] For example, the film material can be made from
a thin tape of porous expanded polytetrafluoroethylene
(ePTFE) that can be helically wrapped about the exterior
of the catheter shaft. Preferred ePTFE films are generally
made as taught by U. S. Patent Nos. 3,953, 566 and
4,187, 390 to Gore. Even more preferred ePTFE films
can be made as taught by U.S. Patent No. 5,476,589 to
Bacino. Further examples of polymer films include poly-
ethylene (including ultra-high molecular weight polyeth-
ylene), polypropylene, polyamide, polyethylene tereph-
thalate, fluorinated ethylene propylene (FEP), perfluoro-
alkoxy resin, polyurethane, polyester, polyimide, etc.
[0033] Most preferably, the wrapping is accomplished
in two opposing directions parallel to the length of the
outer polymer tube, resulting in a bias-ply construction.
Although helically wrapping a tape of polymer film is a
preferred embodiment, it is also possible to provide the
polymer film as a thin tubular structure that can coaxially
enclose the entire outer polymer tube. Moreover, it is also
possible to provide a strip of thin polymer tape material
that covers the channel and is adhered to the surface of
the outer polymer tube immediately adjacent both sides
of the channel. Suitable wrapping techniques are fully
described in, for example, commonly owned and co-
pending U.S. Patent Application S.N. 10/402,083, filed
March 28, 2003. As described in the commonly owned
application, the porous polymer tape can optionally be
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provided with a thin, non-porous coating. Moreover, prior
to wrapping the polymer tube, it may be desirable to fill
the channel (at least partially or completely) with a ma-
terial that will provide structural support to the at least
one channel so that the dimensions of the channel will
not be substantially altered by the film wrapping process.
Of course, materials that can be easily removed from the
channel after film wrapping is completed are preferred
and will be apparent to the skilled artisan.
[0034] The polymer tape is most preferably made from
a thin porous expanded PTFE film that has been provided
with a porous or non-porous coating of, or is at least par-
tially imbibed with, a thermoplastic such as a thermoplas-
tic fluoropolymer, and preferably EFEP (ethylene
tetrafluoroethylene based copolymer, available from
Daikin America). An example of a suitable wrapping tech-
nique includes using EFEP in combination with ePTFE
tape. The tape can have, for example, a width of about
6 mm and a thickness of about 0.005 mm. The ePTFE
film can be provided with a non-porous coating of EFEP
on one or both sides. Moreover, the porosity of the ePTFE
film can be at least partially or substantially completely
imbibed with EFEP. After the coated and/or imbibed film
is cut into narrow tape, the tape can be helically wrapped
about the outer polymer tube comprising Pebaxfi poly-
ether block amide. The wrapped catheter can then be
heated for about 5 minutes in a convection oven set at
about 160C to melt-bond the helically wrapped layers of
the film together. Thereafter, the catheter can be re-
moved from the oven and cooled to room temperature.
[0035] In an alternative embodiment, rather than using
EFEP, a UV-curable or other light or radiation curable
polymer could be used, thus allowing for curing of the
polymer without application of such high temperature.
[0036] In a preferred embodiment, the polymer com-
prises UV-curable polymer. UV-curable is defined as a
material that will react under UV light to either cure or
form a durable bond. The UV light can be provided by a
lamp having a suitable voltage, a suitable strength, and
a suitable wavelength. Curing with UV light may be car-
ried out for any suitable length of time, and the distance
between the sample being cured and the UV lamp can
be any suitable distance. All of the above parameters will
be readily determinable by one skilled in the art. In an
embodiment, the UV curable material can also be sen-
sitive to visible light. However, preferred conditions are
present only under the UV spectrum (100- 400nm). The
preferred range is in the UVA spectrum (320-390nm).
Suitable UV- curable polymers include, for example, acr-
ylated epoxies, acrylates, urethane acrylates, urethane
methacrylates, silanes, silicones, epoxides, epoxy meth-
acrylates, triethylene glycol diacetate, and vinyl ethers.
Specific examples of these polymers include acrylated
aliphatic oligomers, acrylated aromatic oligomers, acr-
ylated epoxy monomers, acrylated epoxy oligomers,
aliphatic epoxy acrylates, aliphatic urethane acrylates,
aliphatic urethane methacrylates, alkyl methacrylate,
amine-modified oligoether acrylates, amine-modified

polyether acrylates, aromatic acid acrylate, aromatic
epoxy acrylates, aromatic urethane methacrylates, buty-
lene glycol acrylate, stearyl acrylate, cycloaliphatic epox-
ides, cylcohexyl methacrylate, ethylene glycol dimeth-
acrylate, epoxy methacrylates, epoxy soy bean acr-
ylates, glycidyl methacrylate, hexanediol dimethacrylate,
isodecyl acrylate, isooctyl acrylate, oligoether acrylates,
polybutadiene diacrylate, polyester acrylate monomers,
polyester acrylate oligomers, polyethylene glycol dimeth-
acrylate, stearyl methacrylate, triethylene glycol diace-
tate, and vinyl ethers. Preferred UV-curable polymers in-
clude, for example, medical grade UV-curable polymers
such as DYMAXfi 204 CTH and DYMAXfi 206 CTH (both
commercially available medical grade UV-curable poly-
mers available from DYMAX Corporation, Torrington,
CT).
[0037] In addition to EFEP and UV-curable polymers,
further suitable polymer materials can include, for exam-
ple, thermoplastics, thermosets, pressure sensitive ad-
hesives, heat-activated adhesives, and chemically acti-
vated adhesives.
[0038] Preferred polymer materials include thermo-
plastics that melt below the temperature that would cause
the outer tube and/or polymer film to melt. This allows
the polymer tape wraps (when used) to fuse together
without melting the polymer tape, without reflowing the
outer polymer tube and, thus, without losing the pattern
embossed into the outer polymer tube. UV-curable ad-
hesives can be particularly attractive. Particularly attrac-
tive are medical grade UV-curable polymers, such as the
above-mentioned DYMAXfi 204 CTH and DYMAXfi 206
CTH.
[0039] The particular polymer used will, of course, de-
pend upon the particular embodiment and desired re-
sults. Such polymers can be provided in liquid or solid
form. Polymers include, for example, THV (tetrafluor-
oethylene, hexafluoropropylene, and vinylide fluoride,
available from Dyneon), EFEP (Daikin America), PE
(polyolefin), polyamides, polyacryl-amides, polyesters,
polyolefins (e.g., polyethylene), polyurethanes, and the
like.
[0040] Suitable polymer application means include any
method known in the art. With regard to porous polymer
films, suitable application means include, for example,
coating techniques (e.g., dip coating), solvent imbibing,
vacuum assisted coating, pressure assisted coating, nip
coating, and other suitable means which result in the pol-
ymer filling at least some of the porosity of the porous
polymer film.
[0041] It may be desirable to utilize a solvent to aid in
providing polymer to the porosity of the polymer film. The
ratio of solvent material to polymer can vary and will be
readily determinable by the skilled artisan. A 50/50 by
weight solvent to polymer solution may be particularly
acceptable. Preferable solvent materials will be readily
apparent to one skilled in the art and include, for example,
alcohols, ketones, etc. Methyl ethyl ketone (MEK) may
be one particularly attractive solvent. When a solvent ma-
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terial is utilized, the solvent material can be easily re-
moved or driven off once the polymer is provided to at
least some of the porosity of the porous film as desired.
[0042] The invention also relates to a method for form-
ing catheters having at least one lumen located in the
catheter wall and extending for at least a portion of the
length of the catheter. The at least one lumen can be
formed by utilizing the polymer shrink tubing, and partic-
ularly fluoropolymer shrink tubing. The invention further
relates to a method of forming catheters having easily
tailorable properties and/or altered cross- sections.
[0043] For example, a cylindrical, flowable plastic ma-
terial (such as Pebaxfi polyether block amides), having
a generally central, longitudinally extending lumen, is
provided. In one embodiment, a cylindrical mandrel hav-
ing a diameter equal to about the desired inner diameter
of a tubular member such as a catheter can first be pro-
vided. The outer surface of the mandrel can be coated
with a lubricious material, such a PTFE. The cylindrical,
flowable plastic material optionally could first be located
over the mandrel to provide structural support to the flow-
able plastic material during further processing. Further-
more, a suitable, cylindrical polymer shrink tube having
an inner and an outer surface, with the inner surface hav-
ing at least one three-dimensional pattern thereon, can
be placed over the flowable plastic tube. Thereafter, a
suitable energy source, such as hot air can be applied
to the shrink tube to shrink the tube around the outer
surface of the flowable plastic tube, causing the at least
one three-dimensional pattern to be embossed into the
flowable plastic tube. The temperature (and duration of
application of heat) should be sufficient to shrink the tub-
ing and cause the pattern to be embossed into the flow-
able plastic tube, but not so high (and/or so long in du-
ration) as to cause the three-dimensional pattern to lose
its form.
[0044] This embodiment is demonstrated in Figure 3,
where three-dimensional pattern 1 is a longitudinally ex-
tending rib on the inner surface of shrink tube 10. As can
be seen, longitudinally extending rib 1 extends into flow-
able plastic tube 20 during and after the heating step
described above. When shrink tube 10 is removed, a
catheter body having a tailored cross-section is obtained,
in this case a non-circular cross-section due to the lon-
gitudinally extending channel formed in the plastic tube.
This will, of course, alter certain properties of the catheter
body, such as bending characteristics, when compared
to catheters without the longitudinally extending channel.
It should be understood that other three-dimensional pat-
terns could be embossed into the flowable plastic tube
to result in various tailored cross-sections and result in
various altered catheter properties.
[0045] Figure 4 shows an alternative embodiment,
which further comprises a thin-walled (e.g., about 0.0381
mm (1.5 mil) wall thickness) tubular liner 30 of a suitable
material (such as PTFE) as the inner member of the tu-
bular structure. Obviously, this embodiment can be ob-
tained by first placing the thin-walled liner over the man-

drel (if used) and then following the sequence described
above. Figure 5 shows, in cross section, a further alter-
native embodiment which further includes metal coil
(such as stainless steel or nitinol coil) material 40 located
between the inner, thin-walled liner 30 and the flowable
plastic tube 20. Of course, the metal coil could be at least
partially embedded into the flowable plastic tube, as dis-
cussed above. In an embodiment the metal coil is a hel-
ically wrapped stainless steel coil measuring about 0.05
mm X 0.3 mm (0.002" X 0.012") that can extend any de-
sired length of the tube. As mentioned above, the metal
coil material 40 could be substituted with any desirable
reinforcing material, which will be readily apparent to
those skilled in the art. In an embodiment polymer shrink
tube is used to cause the at least one three-dimensional
pattern to be embossed into the flowable plastic tube and
to cause or assist the flowable plastic to embed the op-
tional reinforcing material. This is preferably accom-
plished during a single heating (or other energy applica-
tion) step. For example, an extruded PTFE tube could
be placed over a mandrel, as discussed above. A suitable
reinforcing material, such as stainless steel or nitinol coil
could be placed over the PTFE tube. A flowable plastic
tube could be placed over the reinforcing material and
then a polymer shrink tube having at least one three-
dimensional pattern on the inner surface thereof could
be placed over the flowable plastic tube. Suitable energy,
such as heat, could then be applied to the assembly to
cause the polymer shrink tube to shrink. As the tube
shrinks, the flowable plastic tube can at least partially
embed, or substantially completely embed, the metal re-
inforcement while, at the same time, the at least one
three-dimensional pattern is embossed into the flowable
plastic tube. The at least one three-dimensional pattern
could be a longitudinally extending rib, which results in
a longitudinally extending channel being embossed into
the flowable plastic tube. After allowing the assembly to
cool, the polymer shrink tube can be removed and the at
least one pattern could be covered with polymer film, as
discussed above.
[0046] As shown in Figure 5, shrink tube 10 has been
removed, thus resulting in longitudinally extending chan-
nel 3. Moreover, the outer polymer tube 20 has been
provided with polymer film cover 50, thus defining a lon-
gitudinally extending lumen in the outer polymer tube 20.
In an embodiment, polymer film 50 is provided as a helical
wrap of ePTFE at least partially imbibed with suitable
polymer, such as UV curable polymer or EFEP, as de-
scribed above.
[0047] It should be understood that any number of lon-
gitudinally extending channels could be provided to the
embodiment discussed above, by providing a plurality of
longitudinally extending ribs to the shrink tubing 10. In
an embodiment, four longitudinally extending channels,
each about 90 apart, are provided. In a further embodi-
ment, each of the four channels has dimensions essen-
tially equal to one another. In a further embodiment, each
channel has a width of about 0.381 mm (0.015 inch) and

9 10 



EP 1 853 329 B1

7

5

10

15

20

25

30

35

40

45

50

55

a depth of about 0.178 mm (0.007 inch). Once covered
with suitable polymer film, four longitudinally extending
lumens would be obtained. These lumens could be used,
for example, to deliver inflation fluid to an expandable
member on a distal end of a catheter, to pass
strings/wires/or fluids down the length of a catheter, to
deliver electrical, sensing, mechanical steering, or device
deployment devices, etc. Moreover, the lumen(s) could
be used to locate at least one material in the catheter
wall that will alter at least one property of the catheter.
For example, a stiffening wire could be located in a lumen
for part of the length of the catheter, or for the entire
length of the catheter. The stiffening wire could be located
in the lumen beforeor after providing the polymer film
cover. Further, the lumen could be filled, partially or com-
pletely, with any suitable material (e.g., polymer, metal,
etc.) to alter the catheter’s stiffness along at least a por-
tion of the length of the catheter. According to this em-
bodiment it is possible to produce catheters having var-
ying properties (e.g., stiffness) along the length of the
catheter.
[0048] Turning to Figure 6, there is shown in longitu-
dinal cross section, one potential catheter embodiment.
As shown, the catheter 100 includes an inflatable mem-
ber 5 located at the distal end of the catheter. Thin-walled
liner 30 (e.g., fluoropolymer such as PTFE) extends for
the length of the catheter and defines inner, centrally lo-
cated lumen 6.
[0049] Positioned over the inner liner 30 is polymer
tube 20, which also can extend for the length of the cath-
eter. Not shown is optional reinforcing material, such as
metal coil or braid (described above), which can also ex-
tend for the length of the catheter and be positioned over
thin-walled liner 30 and optionally embedded into poly-
mer tube 20. Polymer film wrap 50 can also extend for
the length of the catheter and cover longitudinally extend-
ing channel 3, thus defining longitudinally extending lu-
men in polymer tube 20. As shown, longitudinally extend-
ing channel 3 can function as an inflation lumen and is
in fluid communication with inflation port 4 and the interior
of inflatable member 5.
[0050] As should be understood, catheter 100 can be
appropriately sized for any number of desirable applica-
tions, such as those discussed in the commonly owned
patents and patent applications, discussed above. More-
over, there is no requirement that an inflatable member
is located at the distal end of the catheter, or provided at
all. Furthermore, additional lumens could be provided in
polymer tube 20. Such lumens could be used to allow for
delivery of delivery catheters, balloon-on-a-wire devices,
thrombectomy removal devices, steering wires, diagnos-
tic catheters, angiographic catheters, etc., as well as to
be used to locate at least one material in the catheter
wall such as a stiffening wire, as discussed above.

Claims

1. A method of forming a catheter (100) having a prox-
imal end and a distal end, the method comprising:

providing a polymer tube (20) having an inner
surface and an exterior surface;
providing a shrink tube (10) having an inner and
an outer surface, the inner surface having at
least one three-dimensional pattern (1) thereon;
placing the shrink tube (10) around the polymer
tube (20);
applying sufficient energy to the shrink tube (10)
so as to shrink the shrink tube (10) around the
exterior of the polymer tube (20), causing at least
a portion of the at least one three-dimensional
pattern (1) to become embossed into the exterior
surface of the polymer tube (20);
removing the shrink tube (10);
providing a fluoropolymer tube (30) having a
proximal end, a distal end, an inner surface de-
fining a longitudinally extending, generally cen-
tral lumen, and an outer surface, the fluoropol-
ymer tube (30) being positioned under the inner
surface of the polymer tube (20); and
covering at least a portion of the embossed
three-dimensional pattern (3) with polymer film
(50).

2. The method of claim 1, wherein the at least one
three-dimensional pattern (1) includes at least one
rib (1) that embosses at least one channel (3) into
the outer polymer tube (20).

3. The method of claim 2, wherein the at least one chan-
nel (3) is a longitudinally extending channel (3).

4. The method of claim 3, further comprising a reinforc-
ing material (40) in contact with the polymer tube
(20).

5. The method of claim 4, wherein the reinforcing ma-
terial (40) comprises metal.

6. The method of claim 5, wherein the metal is selected
from the group consisting of stainless steel and niti-
nol.

7. The method of claim 5, wherein the metal is a coil
construction.

8. The method of claim 4, wherein the reinforcing ma-
terial is embedded by the outer polymer tube during
the step of applying sufficient energy.

9. The method of claim 3, wherein the at least one lon-
gitudinally extending channel (3) measures 0.178
mm (0.007 inch) by 0.381 mm (0.015 inch).
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10. The method of claim 3, wherein an expandable mem-
ber (5) is located at the distal end of the catheter
(100) and the at least one longitudinally extending
channel (3) is in fluid communication with the interior
of the expandable member (5).

11. The method of claim 10, wherein the expandable
member (5) is an occlusion balloon.

12. The method of claim 1, wherein the polymer film (50)
comprises a material selected from the group con-
sisting of polytetrafluoroethylene, polyethylene,
polypropylene, polyamide, polyethylene terephtha-
late, fluorinated ethylene propylene, perfluoroalkoxy
resin, polyurethane, polyester, and polyimide.

13. The method of claim 12, wherein the polytetrafluor-
oethylene is porous, expanded polytetrafluoroethyl-
ene.

14. The method of claim 13, further comprising providing
at least a second polymer to the expanded poly-
tetrafluoroethylene.

15. The method of claim 14, wherein the second polymer
is provided by at least one of the following methods,
coating, imbibing, vacuum assisted coating, nip
coating, and dip coating.

16. The method of claim 14, wherein the second polymer
is imbibed into at least some of the porosity of the
expanded polytetrafluoroethylene.

17. The method of claim 14, wherein the second polymer
is provided as at least a partial surface coating to
one or more sides of the expanded polytetrafluor-
oethylene film.

18. The method of claim 16, wherein substantially all of
the porosity of the expanded polytetrafluoroethylene
is imbibed with the second polymer.

19. The method of claim 14, wherein the second polymer
is selected from the group consisting of thermoplas-
tics, thermosets, pressure sensitive adhesives, heat-
activated adhesives, chemically-activated adhe-
sives, and UV-curable polymers.

20. The method of claim 19, wherein the second polymer
is selected from the group consisting of ethylene
tetrafluoroethylene based copolymers and UV-cur-
able polymers.

21. The method of claim 20, wherein the second polymer
is UV-curable.

22. The method of claim 20, wherein the polymer tube
(20) is selected from the group consisting of poly-

ether block amides, nylon, urethanes, polyethylene,
polypropylene, and fluorinated ethylene propylene.

23. The method of claim 20, wherein the polymer tube
(20) comprises at least polyether block amide.

24. The method of claim 3, wherein four longitudinally
extending channels (3) are formed in the polymer
tube (20).

25. The method of claim 24, wherein the four longitudi-
nally channels (3) are each 90 degrees apart.

26. The method of claim 25, wherein each of the four
longitudinally extending channels (3) has a width of
0.381 mm (0.015 inch) and a depth of 0.178 mm
(0.007 inch).

Patentansprüche

1. Verfahren zum Ausbilden eines Katheters (100) mit
einem proximalen Ende und einem distalen Ende,
wobei das Verfahren folgendes umfasst:

Bereitstellen eines Polymerschlauchs (20) mit
einer inneren Oberfläche und einer äußeren
Oberfläche;
Bereitstellen eines Schrumpfschlauchs (10) mit
einem inneren und einer äußeren Oberfläche,
wobei die innere Oberfläche darauf wenigstens
ein dreidimensionales Muster (1) aufweist,
Platzieren des Schrumpfschlauchs (10) um den
Polymerschlauch (20);
Anwenden von ausreichend Energie auf den
Schrumpfschlauch (10), um den Schrumpf-
schlauch (10) um das Äußere des Polymer-
schlauchs (20) zu schrumpfen, was bewirkt,
dass wenigstens ein Teil des wenigstens einen
dreidimensionalen Musters (1) in die äußere
Oberfläche des Polymerschlauchs (20) geprägt
wird;
Entfernen des Schrumpfschlauchs (10);
Bereitstellen eines Fluorpolymerschlauchs (30)
mit einem proximalen Ende, einem distalen En-
de, einer inneren Oberfläche, die ein sich längs
erstreckendes, allgemein zentrales Lumen de-
finiert, und einer äußeren Oberfläche, wobei der
Fluorpolymerschlauch (30) unter der inneren
Oberfläche des Polymerschlauchs (20) positio-
niert ist; und
Abdecken wenigstens eines Teils des gepräg-
ten dreidimensionalen Musters (30) mit Poly-
merfilm (50).

2. Verfahren nach Anspruch 1, wobei das wenigstens
eine dreidimensionale Muster (1) wenigstens eine
Rippe (1) aufweist, die wenigstens einen Kanal (3)
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in den äußeren Polymerschlauch (20) prägt.

3. Verfahren nach Anspruch 2, wobei der wenigstens
eine Kanal (3) ein sich längs erstreckender Kanal (3)
ist.

4. Verfahren nach Anspruch 3, ferner umfassend ein
verstärkendes Material (40), das sich in Kontakt mit
dem Polymerschlauch (20) befindet.

5. Verfahren nach Anspruch 4, wobei das verstärkende
Material (40) Metall umfasst.

6. Verfahren nach Anspruch 5, wobei das Metall aus-
gewählt ist aus der Gruppe bestehend aus Edelstahl
und Nitinol.

7. Verfahren nach Anspruch 5, wobei das Metall eine
Spulenkonstruktion ist.

8. Verfahren nach Anspruch 4, wobei das verstärkende
Material durch den äußeren Polymerschlauch wäh-
rend dem Schritt des Anwendens von ausreichend
Energie eingebettet wird.

9. Verfahren nach Anspruch 3, wobei die Abmessun-
gen des wenigstens einen sich längs erstreckenden
Kanals (3) 0,178 mm (0,007 Inch) auf 0,381 mm
(0,015 Inch) entsprechen.

10. Verfahren nach Anspruch 3, wobei ein ausdehnba-
res Element (5) an dem distalen Ende des Katheters
(100) angeordnet ist, und wobei sich der wenigstens
eine sich längs erstreckende Kanal (3) in Fluidkom-
munikation mit dem Inneren des ausdehnbaren Ele-
ments (4) befindet.

11. Verfahren nach Anspruch 10, wobei das ausdehn-
bare Element (5) ein Verschlussballon ist.

12. Verfahren nach Anspruch 1, wobei der Polymerfilm
ein Material umfasst, das ausgewählt ist aus der
Gruppe bestehend aus Polytetrafluorethylen, Poly-
ethylen, Polypropylen, Polyamid, Polyethylentere-
phthalat, Fluorethylenpropylen, Perfluoralkoxyharz,
Polyurethan, Polyester und Polyimid.

13. Verfahren nach Anspruch 12, wobei das Polytetra-
fluorethylen poröses, expandiertes Polytetrafluore-
thylen ist.

14. Verfahren nach Anspruch 13, ferner umfassend das
Bereitstellen wenigstens eines zweiten Polymers zu
dem expandierten Polytetrafluorethylen.

15. Verfahren nach Anspruch 14, wobei das zweite Po-
lymer bereitgestellt wird durch wenigstens eines der
folgenden Verfahren: Beschichtung, Imbition, vaku-

umgestützte Beschichtung, Streichen durch Kontak-
tauftrag und Tauchstreichen.

16. Verfahren nach Anspruch 14, wobei das zweite Po-
lymer wenigstens einen Teil der Porosität des ex-
pandierten Polytetrafluorethylens durchtränkt.

17. Verfahren nach Anspruch 14, wobei das zweite Po-
lymer bereitgestellt ist als wenigstens eine teilweise
Oberflächenbeschichtung einer oder mehrerer Sei-
ten des expandierten Polytetrafluorethylenfilms.

18. Verfahren nach Anspruch 16, wobei im Wesentli-
chen die ganze Porosität des expandierten Polytet-
rafluorethylens mit dem zweiten Polymer durch-
tränkt wird.

19. Verfahren nach Anspruch 14, wobei das zweite Po-
lymer ausgewählt ist aus der Gruppe bestehend aus
Thermoplasten, Duroplasten, Haftklebstoffen, wär-
meaktivieren Klebstoffen, chemisch aktivierten
Klebstoffen und UV-härtenden Polymeren.

20. Verfahren nach Anspruch 19, wobei das zweite Po-
lymer ausgewählt ist aus der Gruppe bestehend aus
Copolymeren auf Ethelyntetrafluorethylen-Basis
und UV-härtenden Polymeren.

21. Verfahren nach Anspruch 20, wobei das zweite Po-
lymer UV-härtend ist.

22. Verfahren nach Anspruch 20, wobei der Polymer-
schlauch (20) ausgewählt ist aus der Gruppe beste-
hend aus Polyether-Block-Amiden, Nylon, Uretha-
nen, Polyethylen, Polypropylen und Fluorethylen-
propylen.

23. Verfahren nach Anspruch 20, wobei der Polymer-
schlauch (20) wenigstens ein Polyether-Block-Amid
umfasst.

24. Verfahren nach Anspruch 3, wobei vier sich längs
erstreckende Kanäle (3) in dem Polymerschlauch
(20) ausgebildet sind.

25. Verfahren nach Anspruch 24, wobei die vier Längs-
kanäle (3) jeweils 90 Grad auseinander liegen.

26. Verfahren nach Anspruch 25, wobei jeder der vier
sich längs erstreckenden Kanäle (3) eine Breite von
0,381 mm (0,015 Inch) und eine Tiefe von 0,178 mm
(0,007 Inch) aufweist.

Revendications

1. Procédé de fabrication d’un cathéter (100) ayant une
extrémité proximale et une extrémité distale, le pro-
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cédé consistant à :

fournir une gaine polymère (20) ayant une sur-
face interne et une surface externe ;
fournir une gaine thermorétrécissable (10) ayant
une surface interne et une surface externe, au
moins un motif tridimensionsionnel (1) étant for-
mé sur la surface interne ;
placer la gaine thermorétrécissable (10) autour
de la gaine polymère (20) ;
appliquer une énergie suffisante à la gaine ther-
morétrécissable (10) pour rétrécir la gaine ther-
morétrécissable (10) autour de l’extérieur de la
gaine polymère (20), amenant au moins une
partie de l’au moins un motif tridimensionnel (1)
à être gaufrée dans la surface externe de la gai-
ne polymère (20) ;
retirer la gaine thermorétrécissable (10) ;
fournir une gaine fluoropolymère (30) ayant une
extrémité proximale, une extrémité distale, une
surface interne définissant une lumière généra-
lement centrale s’étendant longitudinalement et
une surface externe, la gaine fluoropolymère
(30) étant placée sous la surface interne de la
gaine polymère (20) ; et
couvrir au moins une partie du motif tridimen-
sionnel (3) gaufré avec le film polymère (50).

2. Procédé selon la revendication 1, l’au moins un motif
tridimensionnel (1) comprenant au moins une ner-
vure (1) qui forme au moins un canal (3) dans la
gaine polymère externe (20).

3. Procédé selon la revendication 2, l’au moins un canal
(3) étant un canal (3) s’étendant longitudinalement.

4. Procédé selon la revendication 3, comprenant en
outre un matériau de renfort (40) en contact avec la
gaine polymère (20).

5. Procédé selon la revendication 4, le matériau de ren-
fort (40) comprenant du métal.

6. Procédé selon la revendication 5, le métal étant choi-
si dans le groupe constitué d’acier inoxydable et de
nitinol.

7. Procédé selon la revendication 5, le métal étant une
construction de bobine.

8. Procédé selon la revendication 4, le matériau de ren-
fort étant intégré par la gaine polymère externe lors
de l’application d’une énergie suffisante.

9. Procédé selon la revendication 3, l’au moins un canal
(3) s’étendant longitudinalement mesurant 0,178
mm (0,007 pouce) par 0,381 mm (0,015 pouce).

10. Procédé selon la revendication 3, un membre exten-
sible (5) étant situé à l’extrémité distale du cathéter
(100) et l’au moins un canal (3) s’étendant longitu-
dinalement étant en communication fluidique avec
l’intérieur de l’élément extensible (5).

11. Procédé selon la revendication 10, l’élément exten-
sible (5) étant un ballonnet d’occlusion.

12. Procédé selon la revendication 1, le film polymère
(50) comprenant un matériau choisi dans le groupe
constitué par du polytétrafluoroéthylène, du polyé-
thylène, du polypropylène, du polyamide, du poly(té-
réphtalate d’éthylène), de l’éthylène propylène fluo-
ré, de la résine PFA, du polyuréthane, du polyester
et du polyimide.

13. Procédé selon la revendication 12, le polytétrafluo-
roéthylène étant du polytétrafluoroéthylène expansé
poreux.

14. Procédé selon la revendication 13, consistant en
outre à fournir au moins un second polymère au po-
lytétrafluoroéthylène expansé.

15. Procédé selon la revendication 14, le second poly-
mère étant fourni par au moins l’un des procédés
suivants : revêtement, imbibition, revêtement assis-
té par pression négative, revêtement par espace-
ment et revêtement au trempé.

16. Procédé selon la revendication 14, le second poly-
mère étant imbibé dans au moins une partie de la
porosité du polytétrafluoroéthylène expansé.

17. Procédé selon la revendication 14, le second poly-
mère étant fourni comme au moins un revêtement
de surface partiel sur un ou plusieurs côtés du film
polytétrafluoroéthylène expansé.

18. Procédé selon la revendication 16, sensiblement
toute la porosité du polytétrafluoroéthylène expansé
étant imbibée avec le second polymère.

19. Procédé selon la revendication 14, le second poly-
mère étant choisi dans le groupe constitué par des
thermoplastiques, thermodurcissables, adhésifs
sensibles à la pression, adhésifs activés par la cha-
leur, adhésifs activés chimiquement et polymères
durcissables aux UV.

20. Procédé selon la revendication 19, le second poly-
mère étant choisi dans le groupe constitué par des
copolymères à base d’éthylène-tétrafluoroéthylène
et des polymères durcissables aux UV.

21. Procédé selon la revendication 20, le second poly-
mère étant durcissable aux UV.
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22. Procédé selon la revendication 20, la gaine polymère
(20) étant choisie dans le groupe constitué par des
amides à blocs de polyéther, du nylon, des urétha-
nes, du polyéthylène, du polypropylène et de l’éthy-
lène propylène fluoré.

23. Procédé selon la revendication 20, la gaine polymère
(20) comprenant au moins un amide à blocs de po-
lyéther.

24. Procédé selon la revendication 3, quatre canaux (3)
s’étendant longitudinalement étant formés dans la
gaine polymère (20).

25. Procédé selon la revendication 24, les quatre canaux
(3) s’étendant longitudinalement étant séparés cha-
cun de 90 degrés.

26. Procédé selon la revendication 25, chacun des qua-
tre canaux (3) s’étendant longitudinalement ayant
une largeur de 0,381 mm (0,015 pouce) et une pro-
fondeur de 0,178 mm (0,007 pouce).
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