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(57) ABSTRACT 

Novel catheter constructions comprising thin covering or 
wrapping materials. Such as polymer films. A catheter pro 
Vided with a guidewire catheter lumen having a thin cover 
ing that is easily punctured by a guidewire at Virtually any 
desired point along the catheter length. The thin covering 
may be integral with the catheter shaft, or may be a separate 
component that covers only the portion of the catheter Shaft 
immediately adjacent the outer portion of the guidewire 
lumen, or may be a thin tubular construct that Surrounds the 
entire catheter shaft. Moreover, polymer film can be used in 
combination with one or more elements to produce novel 
catheter constructions. 
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CATHETER ASSEMBLY 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
patent application Ser. No. 10/402,083, filed Mar. 28, 2003, 
(entitled PUNCTURABLE CATHETER) which is a con 
tinuation-in-part of U.S. patent application Ser. No. 10/346, 
977 filed Jan. 17, 2003, entitled ADJUSTABLE LENGTH 
CATHETER.). 

FIELD OF THE INVENTION 

0002 The present invention relates to the field of cath 
eters. More particularly, the invention relates to catheters 
intended for the delivery to a patient of, for example, 
therapeutic agents or devices. 

BACKGROUND OF THE INVENTION 

0003) A variety of different therapies can be delivered 
within the human body by catheter devices. Therapeutic 
devices Such as dilation balloons, occlusion balloons, throm 
bectomy treatment devices, Stents, and embolic filters, and 
therapeutic agents Such as drugs and radiation Sources, may 
be positioned at or near the distal end of the catheter for 
delivery to a desired site within the body. The proximal end 
of the catheter is considered to be the end that remains 
outside of the body, manipulated by the medical practitioner. 
0004) To aid in positioning of the distal end of the 
catheter within the body, typically the distal end of a 
guidewire is first navigated to the treatment area. After the 
guidewire has been positioned, the wire can then be used to 
guide the distal end of the catheter into place. Additionally, 
a guide catheter may be used to further facilitate the posi 
tioning of the guidewire and/or delivery catheter. The inter 
action between the guidewire and the catheter is critical, as 
the physician needs to easily track the distal end of the 
catheter along the path of the guidewire. A number of 
interaction issues can arise, including but not limited to, 
having to use more than one perSon, having to use a long 
wire, having the advancement of the catheter affect the 
position of the wire, having the catheter not able to track the 
wire through tortuous anatomy, having excessive friction 
between the catheter and the wire, and having a difference 
between the amount of axial motion applied to the proximal 
end of the catheter and the amount of axial movement at the 
distal end of the catheter. 

0005. In various attempts to address these issues, a num 
ber of catheter designs have been introduced that have 
defined the interaction between the guidewire and the cath 
eter. Two of the primary applications of catheter Systems are 
percutanous transluminal coronary angioplasty (PTCA) and 
coronary Stent delivery. Two main types of catheter designs, 
over-the-wire (OTW) and rapid-exchange (RX), dominate 
these applications. Each of these designs has its advantages 
and disadvantages. OTW catheters track over their entire 
length on a guidewire, which allows them to follow the wire 
easily and allows the direct transmission of longitudinal 
force over the guidewire. Additionally, these catheters allow 
for guidewires to be exchanged once the catheter has been 
advanced into position, which may be desirable when dif 
ferent guidewire attributes (e.g., tip curvature or radiopaque 
markers) are needed. However, these Systems require the use 
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of a long guidewire (e.g., 300 cm in length) and cannot be 
effectively operated by one perSon. 

0006 RX catheters typically use shorter guidewires (e.g., 
180 cm in length) which allow the catheter to be operated by 
a single physician. The physician is able to hold the guide 
catheter and guidewire with one hand while using his other 
hand to advance or retract the catheter along the guidewire. 
However, because the entire length of the RX catheter does 
not slide over the guidewire, the direct transmission of 
longitudinal force along the path of the guidewire may be 
compromised, and wire exchange can not be performed once 
the proximal catheter guidewire port is advanced into the 
patient. 

0007 Furthermore, it is not uncommon for OTW and RX 
catheters (among others) to be constructed by a plastic (or 
polymer) extrusion process. Producing, for example, an 
OTW or RX catheter with a tight tolerance, with a dual 
lumen construction can be difficult and expensive via an 
extrusion process. 
0008 Among various further catheter designs intended 
for stent delivery is a system taught by U.S. Pat. No. 
5,534,007 to St. Germain et al. This system includes a 
tubular exterior Sleeve with an adjustable length Section that, 
under axial compression, Shortens via corrugations to cause 
another sleeve at the distal end of the catheter to be with 
drawn in a proximal direction, releasing the Stent. The 
overall length of the catheter remains the same during the 
axial compression of the exterior sleeve, and in particular, 
the length of the guidewire lumen is not adjustable. 

0009 U.S. Pat. Nos. 5,334,147 and 5,380.283 to Johnson 
teach the construction of a balloon catheter having a proxi 
mal portion that includes an aperture through the wall of the 
catheter into the guidewire lumen. The aperture is covered 
by a frangible wall (e.g., a thin-walled tube sealed to the 
catheter body in a position to cover the aperture portion). 
The frangible wall may be punctured by a guidewire, 
allowing the guidewire to exit the catheter guidewire lumen 
via the aperture. 

0010 U.S. Pat. No. 5,472,425 to Teirstein describes a 
catheter having a guidewire lumen covered by a rupturable 
membrane that extends along Substantially the entire length 
of the catheter, whereby the membrane may be intentionally 
punctured at any desired location by the guidewire. The use 
and general construction of the catheter are related, although 
no materials or Specific constructions for the rupturable 
membrane are taught. 

SUMMARY OF THE INVENTION 

0011. The invention relates to novel catheter construc 
tions comprising thin covering or wrapping materials Such 
as polymer films. A first aspect relates to a catheter provided 
with a guidewire catheter lumen having a thin covering that 
is easily punctured by the back end (i.e., the proximal end) 
of a guidewire at Virtually any desired point along the 
catheter length. The thin covering may be integral with the 
catheter Shaft, or may be a separate component that covers 
only the portion of the catheter shaft immediately adjacent 
the Outer portion of the guidewire lumen, or may be a thin 
tubular construct that Surrounds the entire catheter shaft. The 
covering is preferably adequately translucent to allow for 
good Visualization of the location of the back end of the 
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guidewire in order to enable puncturing of the covering at 
the desired location along the length of the catheter Shaft. 
The catheter Shaft is preferably made of a material having a 
color that provides good visibility against an operating field, 
and more preferably is luminous or phosphorescent either 
entirely or in part. Materials suitable for the catheter shaft 
are polymeric materials well known in the art; the catheter 
shaft may optionally be provided with metallic stiffening 
components Such as wires, wire braids or hypotubes along 
all or part of the catheter length. 
0012. In an aspect of the invention, the thin covering or 
wrapping material is made from a thin tape of porous 
expanded polytetrafluoroethylene (ePTFE) that can be heli 
cally wrapped about the exterior of a catheter shaft. Most 
preferably, the wrapping is accomplished in two opposing 
directions parallel to the length of the catheter Shaft, result 
ing in a bias-ply construction. This thin covering offers good 
transparency and is easily punctured by the end of a 
guidewire, and yet is resistant to tearing at the puncture site. 
0013. Other materials may be used for the puncturable 
thin covering, including polyethylene terephthalate (PET). 
These materials may also offer good translucency, but may 
be less tear resistant than the helically wrapped ePTFE thin 
coverings. 

0014) The thin covering (either integral with the catheter 
shaft or a separate covering) may optionally be provided 
with a multiplicity of Small, pre-formed openings through 
the thickness of the covering to allow for passage of the back 
end of a guidewire through any of these openings. The 
openings would preferably be arranged in a single line 
extending directly above the guidewire lumen. 
0.015 The thin covering may optionally be in the form of 
a braid or helically-wound filaments that allow the 
guidewire to be passed through any of the multiplicity of 
openings or interstices that exist between adjacent filaments 
of the braid or winding. The braid or winding may be of 
either various polymeric or metallic materials. The braid or 
winding may be exposed around the entire exterior of the 
catheter Shaft or alternatively may be exposed over only the 
Side of the guidewire lumen closest to the exterior of the 
catheter Shaft. 

0016 For many embodiments, the guidewire lumen is in 
the form of a slot made into the catheter shaft, with the slot 
provided with the thin covering. Preferably, the slot extends 
for most or even all of the length of the catheter shaft. It may 
optionally extend through a balloon or other device located 
at the distal end of the catheter. The slot is covered with a 
thin tubular covering that coaxially encloses the entire 
catheter Shaft or alternatively a Strip of thin tape-like cov 
ering material that covers the slot and is adhered to the 
Surface of the catheter shaft immediately adjacent both sides 
of the slot. A multiplicity of pre-formed openings may be 
provided through the thin covering as noted above. Also as 
noted above, the slot covering material may take the form of 
a braid or winding of filaments. This braid or winding of 
filaments may optionally be covered with a thin polymeric 
tube except for the filaments immediately over the top of the 
Slot which preferably remain exposed and allow for passage 
of the end of a guidewire through any interstice between 
adjacent filaments. Other embodiments using the catheter 
shaft may be provided with a puncturable tubular form 
inserted into the slot. This tubular form may be made with 
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filaments braided into the tubular form, or a tubular form 
made of helically wound filaments or from a thin polymeric 
material, with the tube having an inside diameter adequately 
large to accommodate a guidewire of the desired size. These 
tubes are fitted and Secured into the slot formed into the 
catheter shaft, with the result that the outer Surface of the 
braided or helically wound tube covers the exposed part of 
the slot and allows for the back end of a guidewire contained 
within the tube to be passed through any interstice between 
adjacent filaments of the braided or helically wound tube. 
When the tubular form is made from the thin polymeric 
material, the resulting tube inserted into the catheter Shaft 
Slot is puncturable at any desired location by the back end of 
a guidewire. 

0017. The ability of the catheter to be punctured by the 
back end of a guidewire at any desired location along the 
length of the puncturable Section of the catheter allows the 
catheter assembly to be used effectively as desired in either 
OTW or RX mode. 

0018. In addition to being puncturable by the back end of 
the guidewire, the guidewire catheter lumen may optionally 
be made to be adjustable in length. The adjustable length 
catheter guidewire lumen is the conduit, or catheter, or tube, 
or space that contains the guidewire or provides a Space for 
the passage of a guidewire therethrough. The Space may be 
adjustable in length, as will be further described. 
0019. By adjustable length is meant that the length of the 
adjustable length guidewire catheter lumen may be changed 
by the application of easily applied manual axial force. In its 
axially extended or fully lengthened State, the adjustable 
length guidewire catheter lumen is at least 10% longer than 
when in the axially compressed, fully shortened State. More 
preferably, the adjustable length guidewire catheter lumen is 
adjustable by an amount of at least about 20%, or 30%, or 
40%, or 50%, or 75%, or 100%, or 200%, or 400%, or 
1000%, or 2000%. 
0020. The adjustable length guidewire catheter lumen is 
adjustable in length by virtue of being scrunchable. This 
means that this tubular component is easily shortened in 
length under axial force, without telescoping as by the 
Successive sliding of overlapped concentric tubular Sections. 
Various means of providing a Scrunchable tube for use as the 
adjustable length guidewire catheter lumen include the pro 
vision of corrugations (i.e., wrinkles, or accordion pleats or 
folds), or by the use of a porous tube that compresses axially 
by reduction in total void space. These are further described 
below. 

0021. In a further aspect of the invention, polymer film is 
used in combination with one or more elements to produce 
novel catheter constructions. For example, polymer film can 
be wrapped about one or more catheter elements to produce 
useful catheters. Moreover, catheters can be formed by 
wrapping a Suitable polymer film about a mandrel and 
removing the mandrel to obtain a catheter having at least one 
lumen therein. Moreover, polymer film can be provided in 
tubular form, which may be a heat shrinkable material such 
as a tube comprising polyethylene terephthalate (PET). 
0022 Suitable materials for the adjustable length lumen 
and the polymer film include ePTFE, polyethylene tereph 
thalate (PET), polyamide, or other thermoplastic or thermo 
Set polymers, or other Such relatively inelastic materials. 
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Alternatively, an elastomeric material may be used, which 
materials elongate by the application of an extending axial 
force. The term "elastomeric' is intended to describe a 
condition whereby a polymer displayS Stretch and recovery 
properties similar to an elastomer, although not necessarily 
to the same degree of Stretch and/or recovery. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1A shows a longitudinal cross section of a 
catheter having a puncturable guidewire lumen covering. 

0024 FIG. 1B shows a longitudinal cross section of the 
catheter of FIG. 1A in use with the catheter, the guidewire 
having punctured the puncturable guidewire lumen cover 
ing. 

0025 FIGS. 1C and 1D show transverse cross sections 
of the catheter of FIG. 1B with the guidewire within and 
without the puncturable Section. 

0.026 FIG. 1E shows a longitudinal cross section of a 
catheter that is a variation of the design shown in FIGS. 1A 
and 1B wherein the guidewire operates in a slot provided in 
the exterior wall of a lumen of the catheter. 

0027 FIGS. 1F, 1G and 1H show transverse cross sec 
tions taken at three different locations along the length of the 
catheter shown in FIG. 1E. 

0028 FIG. 2A shows a perspective view of a preferred 
slotted catheter shaft. 

0029 FIG. 2B is a perspective view of the preferred 
slotted catheter shaft of FIG. 2A provided with a helical 
wrap of a polymeric tape that forms a puncturable thin cover 
over the slot. 

0030 FIG. 2C is a perspective view of the preferred 
slotted catheter shaft of FIG. 2A provided with a punctur 
able thin cover in the form of a thin tubular sheath. 

0031 FIG. 2D is a perspective view of the catheter shaft 
of FIG. 2C wherein the thin tubular sheath is formed by a 
cigarette Wrap. 

0032 FIG. 2E is a perspective view of the preferred 
slotted catheter shaft of FIG. 2A provided with a punctur 
able thin cover in the form of a Strip or tape of a polymeric 
material adhered over the Surface of the catheter shaft 
immediately adjacent to both sides of the slot. 

0033 FIG. 2F is a perspective view of an alternative 
embodiment wherein the puncturable guidewire lumen cov 
ering is integral with the catheter Shaft. 

0034 FIG. 2G is a perspective view of an alternative 
embodiment wherein the thin cover over the guidewire 
lumen is provided with a multiplicity of pre-formed open 
ings which allow passage of the back end of a guidewire 
through any opening chosen by the user. 

0035 FIGS. 3A-3C are transverse cross sectional views 
showing variations of the embodiment described by FIG. 
2E 

0036 FIG. 4A is a perspective view of the preferred 
slotted catheter shaft of FIG. 2A provided with a punctur 
able thin cover in the form of a braid. 
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0037 FIG. 4B is a perspective view of the braid-covered 
catheter shaft of FIG. 3A further provided with a thin 
exterior tubular sheath over the braid. 

0038 FIG. 4C is a perspective view of the braid-and 
sheath covered catheter shaft of FIG.3B wherein the portion 
of the sheath covering the catheter slot has been removed. 
0039 FIG. 4D is a perspective view of catheter shaft 
with an alternative braid-covered slot wherein a braided tube 
is fitted and Secured into the slot. 

0040 FIG. 4E is a variation of FIG. 4A wherein the 
braided tubular cover is replaced with a helically wound 
tubular cover. 

0041 FIG. 4F is a variation of FIG. 4D wherein the 
braided tube is replaced with a helically wound tube. 
0042 FIG. 4G is a variation of FIGS. 4D and 4F 
wherein the tubular cover is made from a thin polymeric 
material. 

0043 FIG. 5 shows a longitudinal cross section of a basic 
embodiment of the catheter of the present invention, without 
a y-fitting but including a hub on the proximal end of the 
inflation lumen, a puncturable adjustable length guidewire 
catheter lumen (shown in its axially compressed or short 
ened state) located distal to the hub and a tubular slider for 
controlling the proximal end of the adjustable length lumen. 
0044 FIG. 6 is a perspective view of a tool useful for 
bending of the catheter shaft during puncturing of the thin 
puncturable cover by the back end of a guidewire. 
004.5 FIG. 7A is a perspective view of a catheter con 
Struction according to the present invention, utilizing a 
polymer film wrap. 
0046 FIG. 7B is a perspective view of a catheter con 
Struction according to the present invention utilizing a 
polymer film wrap. 
0047 FIG. 7C is a perspective view of a catheter con 
Struction according to the present invention utilizing a 
polymer film wrap. 
0048 FIG. 7D is a catheter construction according to the 
present invention wherein polymer film is contacting the 
outer Surfaces of two longitudinally extending elements. 
0049 FIG. 8A is a cross-section of a catheter construc 
tion according to the present invention. 
0050 FIG. 8B is a cross-section of a catheter construc 
tion according to the present invention. 
0051 FIG. 8C is a cross-section of a catheter construc 
tion according to the present invention. 
0052 FIG. 8D is a cross-section of a catheter construc 
tion according to the present invention. 
0053 FIG. 8E is a cross-section of a catheter construc 
tion according to the present invention. 
0054 FIG. 8F is a cross-section of a catheter construc 
tion according to the present invention. 

0055 FIG.8G is a cross-section of a catheter construc 
tion according to the present invention. 

0056 FIG. 9A is a cross-section of a catheter construc 
tion according to the present invention. 
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0057 FIG.9B is a cross-section of a catheter construc 
tion according to the present invention. 
0.058 FIG. 9C is a cross-section of a catheter construc 
tion according to the present invention. 
0059 FIG. 10 is a cross-section of a catheter construc 
tion according to the present invention. 
0060 FIG. 11 is a partial cross-section and perspective 
View of a catheter according to the present invention. 
0061 FIG. 12 is a cross-section of a catheter according 
to the present invention. 
0.062 FIG. 13 is a cross-section of a catheter according 
to the present invention. 
0.063 FIG. 14 is a cross-section of a catheter according 
to the present invention. 
0.064 FIG. 15 is a cross-section of a catheter according 
to the present invention. 
0065 FIG. 16 is a cross-section of a catheter according 
to the present invention. 
0.066 FIG. 17 is a cross-section of a catheter according 
to the present invention. 
0067 FIG. 18A is a perspective view of a catheter 
construction according to the present invention FIG. 18B is 
a perspective view of a catheter construction according to 
the present invention. 
0068 FIG. 19A is a cross-section of a catheter according 
to the present invention. 
0069 FIG. 19B is a cross-section of a catheter according 
to the present invention. 
0070 FIG. 20A is a cross-section of a catheter according 
to the present invention. 
0071 FIG.20B is a cross-section of a catheter according 
to the present invention. 
0.072 FIG. 21A is a cross-section of a catheter according 
to the present invention. 
0073 FIG. 22A is a perspective view of a catheter 
according to the present invention. 
0074 FIG. 22B is a perspective view of a catheter 
according to the present invention. 
0075 FIG.22C is a cross-section of a catheter according 
to the present invention. 
0076 FIG. 22D is a is a perspective view of a catheter 
according to the present invention being advanced into a 
vessel or artery. 
0077 FIG. 22E is a perspective view of a catheter 
according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0078 FIGS. 1A-1H describe a catheter 10 of the present 
invention provided with a thin, puncturable cover 102 over 
the guidewire lumen 18. Typically, catheter 10 may include 
devices Such as a catheter balloon 20 and/or stent 21 at its 
distal end 17 and a hub 14 at the proximal end 16. As shown 
by FIGS. 1A-1H, the thin, puncturable cover 102, in this 
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instance a thin-walled tubular sheath 13 (forming guidewire 
lumen 18) designed to be punctured by the back end of a 
guidewire 19 (or other Suitable means), may be placed 
coaxially about the inflation lumen 22. The length of the thin 
tubular sheath 13 may extend over all or part of the length 
of catheter shaft. 

0079. After feeding guidewire 19 through the distal sec 
tion of the guidewire lumen 18 and into the thin-walled 
tubular sheath 13, the physician may choose any desired 
location along the length of thin-walled tubular sheath 13 at 
which to puncture the thin, puncturable cover 102 with the 
guidewire 19. In this fashion the physician may select his 
preferred length of the guidewire lumen 18. 
0080 FIG. 1A shows a longitudinal cross section of a 
catheter 10 having a puncturable guidewire lumen covering 
102, while FIG. 1B shows a longitudinal cross section of the 
catheter of FIG. 1A in use with the guidewire 19, the 
guidewire having punctured the puncturable covering 102. 
FIGS. 1C and 1D show, respectively, transverse cross 
sections of the catheter of FIG. 1B with the guidewire 19 
within and outside of the puncturable section 102. 
0081 FIG. 1E shows a longitudinal cross section of a 
catheter that is a variation of the design shown in FIGS. 1A 
and 1B wherein the guidewire operates in a slot 104 
provided in the exterior wall of a lumen of the catheter. It is 
apparent that the thin, puncturable cover 102 may be pro 
Vided only over this slot portion and is not required to 
enclose the entire circumference of the inner catheter. FIGS. 
1F, 1G and 1H show transverse cross sections taken at three 
different locations along the length of the catheter shown in 
FIG 1E. 

0082 The puncturable guidewire lumen may be made in 
a variety of ways. 
0083. In a preferred embodiment, catheter 10 including 
inflation lumen 22 and guidewire lumen 18 is made using a 
catheter shaft 15 as shown in the perspective view of FIG. 
2A wherein guidewire lumen 18 is in the form of a slot 104. 
The catheter shaft 15 may be made in this form by extrusion 
(using any known polymeric material Suitable for the appli 
cation), or may alternatively be extruded with fully enclosed 
lumens and then have the extruded material covering the 
guidewire lumen skived away. Preferred materials will be of 
a color offering good contrast with the operational field, and 
most preferably are fluorescent or phosphorescent. 
0084 Optionally, such a catheter shaft may be stiffened 
along all or part of its length as necessary by the inclusion 
of Stiffening wires running parallel to the longitudinal axis of 
the catheter, or by adding a tubular metal reinforcing braid 
to the catheter Shaft, or by inserting a length of metal 
hypotube, tubular braid or helically wound wire into the 
inflation lumen 22. These stiffening methods may be used in 
combination if desired. For simplicity, these well-known 
Stiffening methods are not shown in the figures. 
0085. If it is desired to use a hypotube to stiffen only a 
portion of the length of the catheter shaft, it may be desirable 
to cut a helically-oriented slot through the wall of the end of 
the hypo tube that will be located within the length of the 
catheter shaft to reduce the abrupt stiffness transition of the 
Stiffened Section to the unstiffened Section. 

0086). As shown by the perspective view of FIG. 2B, the 
slotted catheter shaft 15 is provided with a helically 
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wrapped covering of tape 24. Preferably, the wrapping is 
applied in two layers wherein adjacent wrappings have 
overlapping edges and the Second layer is applied over the 
first with an opposite pitch, meaning that the two wrappings 
are applied beginning from opposite ends of the catheter 
shaft 15. The use of the two layers of tape 24 wrapped from 
opposing directions results in a strong covering that is 
resistant to tearing following puncture by the guidewire back 
end. 

0087 While a variety of thin, flexible polymer materials 
Such as polyethylene, polypropylene, polyamide, polyethyl 
ene terephthalate, etc. may be used for the tape 24. Porous 
polymers, optionally provided with a thin, non-porous coat 
ing, may be advantageously used because of their excellent 
flexibility. Tape 24 is most preferably made from a thin 
porous expanded PTFE (ePTFE) film that has been provided 
with a porous or non-porous coating of a thermoplastic Such 
as a thermoplastic fluoropolymer, preferably fluorinated 
ethylene propylene (FEP). ePTFE films are generally made 
as taught by U.S. Pat. Nos. 3,953,566 and 4,187,390 to Gore. 
Most preferred ePTFE films for the present application are 
taught by U.S. Pat. No. 5,476,589 to Bacino. The construc 
tion of thin, helically-wrapped tubes from ePTFE films and 
thermoplastic-coated ePTFE films, and the method of pro 
viding the coating onto the ePTFE films, are taught by U.S. 
Pat. No. 6,159,565 to Campbell et al. 

0088 An example of a helically-wrapped catheter shaft 
as shown by FIG. 2B was made using an FEP-coated ePTFE 
tape. The tape had a width of about 6 mm and a thickness of 
about 0.005 mm. The ePTFE had mean fibrillength of about 
50 microns and a bulk density of about 0.5 g/cc. The ePTFE 
film was provided with a non-porous coating of FEP on one 
Side. After the coated film was cut into a narrow tape, the 
tape was helically wrapped onto a Stainless Steel mandrel of 
diameter larger that the outside diameter of the chosen 
catheter Shaft. The first layer of the wrapping was applied 
with the FEP coated side of the tape facing away from the 
mandrel and the Second layer was wrapped in the opposite 
direction from the first with the coating facing toward the 
mandrel and first layer. The wrapped mandrel was then 
heated for about 8 minutes in a convection oven set at 320 
C. to melt-bond the helically-wrapped layers of the tube 
together. Following removal from the Oven and cooling to 
about room temperature, the helically-wrapped tube was 
removed from the mandrel and fitted over a length of the 
desired catheter shaft 15 that was shorter than the length of 
the helically-wrapped tube. The opposite ends of the heli 
cally wrapped tube were gripped using pliers and tension 
was applied to cause the helically-wrapped tube to elongate 
and reduce in diameter, thereby tightly conforming to the 
outer surface of the catheter shaft. The ends of the helically 
wrapped tube were adhered to the outer Surface of the 
catheter Shaft using a cyanoacrylate adhesive. The ends of 
the covered catheter shaft 15 were then transversely cut to 
the desired length with a sharp blade. If desired, the hub 
component typically fitted to the proximal end of the cath 
eter shaft may be fitted over the helical wrap. 

0089. The thickness of the thin tubular tape covering 102 
was determined to be about 0.012 mm by measuring the 
diameter of the catheter shaft at 90 degrees to the orientation 
of the slot 104 using a laser micrometer both before and after 
the application of the helically-wrapped covering. 

Mar. 17, 2005 

0090 The covered catheter 10 that resulted from this 
process retained the good flexibility of the precursor catheter 
shaft 15 prior to covering. When a guidewire 19 was inserted 
into the guidewire lumen 18, the thin cover 102 exhibited 
good transparency, meaning that the back end of the 
guidewire 19 was visible to the unaided eye as it passed 
through the length of the guidewire lumen 18. It was not 
difficult to Stop the progression of the guidewire back end at 
a desired point along the length of the guidewire lumen, and 
by bending the catheter with the guidewire slot oriented to 
the outside of the bend, the covering 102 was readily 
punctured by the back end of the guidewire 19. When a large 
portion of the length of the guidewire was pulled through the 
puncture Site, the puncture Site exhibited no sign of tearing 
or of appreciable enlargement of the puncture. 

0091 FIG. 2C is a perspective view of a catheter 10 
including a tubular sheath 13 for use as the thin puncturable 
cover 102 over slot 104. The sheath may be in the form of 
a thin extruded tube of, for example, PET. It may be applied 
similarly to the above-described helically-wrapped tube 
using a tubular sheath 13 of Slightly larger inside diameter 
than the outside diameter of the catheter shaft 15 to be 
covered. The outer surface of the catheter shaft 15 may be 
provided with a thin coating of a Suitable adhesive if desired, 
after which the thin tubular sheath 13 is fitted over the 
catheter Shaft 15 and tensioned to cause it to elongate and 
reduce in diameter to conform to the Outer Surface of the 
catheter shaft 15. Sheath 13 may also be made from a shrink 
tubing that is heated after being fitted about the outer surface 
of the catheter shaft 15 to cause it to conform thereto. 

0092 FIG. 2D is a perspective view of the catheter 10 of 
FIG. 2C wherein the thin tubular sheath is formed by a 
cigarette wrap, wherein the braid-covered catheter shaft is 
additionally covered by an adequately long Strip of thin 
polymeric material that has a width equal to or slightly 
greater than the circumference of the braid covered catheter 
shaft. This Strip is wrapped around the catheter Shaft as 
shown and adhered by thermal bonding or by the use of a 
Suitable adhesive. 

0093. Another alternative for the puncturable thin cover 
102 is shown in the perspective view of FIG. 2E wherein a 
thin tape 24 is adhered to the outer surface of the catheter 
shaft 15 adjacent to the edges of slot 104. In another 
embodiment, the guidewire lumen 18 may be extruded or 
otherwise formed to have an integral, thin, puncturable 
covering 102 as shown by the perspective view of FIG. 2F. 
FIG. 2G is a perspective view of the catheter 10 of FIG.2F 
wherein pre-formed openingS25 are formed through the thin 
puncturable cover 102 to allow passage of the back end of 
a guidewire through any pre-formed opening 25 chosen by 
the user. It is apparent that these pre-formed openingS 25 
may be used with many of the various described embodi 
mentS. 

0094 FIGS. 3A-3C show transverse cross sectional 
views that represent a variation on the embodiment of FIG. 
2E. As shown by FIG. 3A, tape cover 24 may be provided 
So as to increase the Space available in the guidewire Slot 104 
by applying the tape So that it bridges the slot with additional 
tape width, resulting in the raised aspect shown by this thin 
puncturable cover 102. This can allow for the use of a larger 
guidewire if desired. When slot 104 is unoccupied by a 
guidewire, the thin and flexible tape 24 may take on a 
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non-uniform appearance, giving the guidewire lumen and 
thin puncturable cover 102 an irregular croSS Section as 
shown by FIGS. 3B and 3C. It is apparent that the appear 
ance of each of these three transverse cross-sections may 
exist at different locations along the length of the same 
catheter. 

0.095 The puncturable cover 102 may also be made using 
threads, wires or other filaments. For example, threads may 
be wound around a slotted catheter shaft 15 in various 
desired patterns to form a covering over a guidewire lumen 
18 that effectively contains a guidewire 19 but allows the 
back end of the guidewire to be passed through any of the 
multiplicity of Spaces between adjacent threads of the 
wrapped covering. The threads may, for example, be pro 
Vided as a helically-wrapped pattern, a braided pattern or a 
knit (e.g. warp knit) pattern. By orienting the threads in close 
proximity to one another, the guide wire will preferentially 
stay within a lumen of which the thread defines a portion of 
the wall. However, the end of the wire can be maneuvered 
to exit this lumen between the threads. By using a wound 
thread, the Structure is never damaged allowing the catheter 
to be reused multiple times. By controlling the Spacing 
between adjacent threads, the ease of which the end of the 
wire exits the lumen may be altered. Preferentially, small 
diameter threads can be used, for example, with diameters 
from 0.012 to 0.5 mm. Any variety of thread materials may 
be used, included common thermoplastic (e.g., polyamide, 
polypropylene, polyester, etc), thermosets, fluoroplastics 
(e.g., ePTFE) or various metal wires including stainless 
Steels and nitinol. 

0096. As shown by the perspective view of FIG. 4A, a 
catheter shaft 15 is over-braided with filaments 31. The braid 
may have numerous configurations including, but not lim 
ited to, number of filaments, pick count and pitch angle. AS 
well, filaments 31 may be of various croSS Sections Such as 
round, Square or rectangular. 

0097 FIG. 4B shows a preferred embodiment wherein 
catheter 10 of FIG. 4A is provided with an outer sheath 13 
applied over catheter shaft 15 and braid 31 and attached by 
any of various methods Such as heat or adhesive. Following 
the addition of sheath 13, an appropriately-sized mandrel is 
inserted into the guidewire lumen 18. The catheter is 
mounted in a laser (e.g., a 20 watt CO laser, Applied Laser 
Technology, Beaverton Oreg.) with the laser beam directed 
to slot 104. The laser is used to ablate the polymer material 
of sheath 13 covering slot 104 along the desired length of the 
catheter 10, resulting in cutaway slot 33 through sheath 13 
exposing slot 104 beneath braid 31. The laser power param 
eters are such that the polymer material of sheath 13 is 
ablated yet metallic braid filaments 31 are left undamaged. 
The indwelling mandrel effectively blocks the laser energy 
from damaging the opposite Side of the catheter Shaft 15. 
The resultant catheter 10 is left with a braided underlying 
chassis and an outer polymer sheath 13 in which a “strip” of 
braid is exposed directly above slot 104, whereby guidewire 
lumen 18 lies immediately below the exposed strip 33 of 
braid 31. A clinician may then use the back end of a guide 
wire to part the braid filaments at any Suitable user-defined 
position along this Strip 33, thus exiting the guidewire from 
catheter 10 through the selected interstice of braid 31. 

0.098 FIG. 4D describes an alternative embodiment 
whereby a braided tube 37 is procured, this tube having an 
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outside diameter corresponding to the inside diameter of Slot 
104 of catheter shaft 15. The braided tube 37 is made to have 
a Suitable inside diameter to provide adequate clearance for 
passage therethrough of an intended guidewire. Braided tube 
is fitted into slot 104 by interference, or by joining with an 
adhesive. In use, as with the previously described braided 
construct, the guidewire may be passed through any desired 
interstice of the braid 31 to exit catheter 10. 

0099 FIG. 4E describes a variation of FIG. 4A wherein 
braid 31 is replaced by helically wound filament 41, which 
may be of polymeric or metallic material. FIG. 4F shows an 
alternative to FIG. 4D wherein braided tube 37 is replaced 
by helically wound tube 47. Again, the helically wound tube 
may be of polymeric or metallic material. The embodiments 
of FIGS. 4E and 4F are desirable in that the space between 
adjacent helical windings will widen when the catheter shaft 
is bent with the exposed winding on the outside of the bend, 
making it easier to pass the back end of a guidewire through 
any desired Space between adjacent helical windings. 

0100 FIG. 4G is a perspective view of an alternative 
embodiment to those shown by FIGS. 4D and 4F wherein 
tube 49 inserted into slot 104 is made from a thin polymeric 
material. This tube is preferably made by helically wrapping 
a thermoplastic-coated ePTFE film about a mandrel of 
Suitable size, bonding the wrapping together to result in a 
cohesive tube, inserting the tube and mandrel into slot 104 
and finally removing the mandrel. Alternatively if desired, 
the mandrel may be removed from within the tube prior to 
insertion of the tube 49 into slot 104. 

0101 FIG. 5 shows a longitudinal cross section of an 
alternative embodiment of catheter 10, including a hub 14 on 
the proximal end 16 of the inflation lumen 22. In this 
embodiment, catheter 10 is provided with a puncturable 
adjustable length guidewire lumen 18 that is in the form of 
a thin tubular sheath 13 puncturable by guidewire 19 as 
shown. A tubular Slider 24 is used in place of a conventional 
y-fitting, distal to hub 14 for attachment and control of the 
proximal end of the adjustable length guidewire catheter 
lumen 18. Adjustable length guidewire catheter lumen 18 is 
shown in its axially compressed or Shortened State. Tubular 
slider 24 is provided with only a small clearance between the 
inner diameter of slider 24 and the outer diameter of the 
inflation lumen 22. Adjustable length guidewire catheter 
lumen 18 may be made from a variety of thin, flexible 
polymer materials. Such as polyethylene, polypropylene, 
polyamide, polyethylene terephthalate, etc. Porous poly 
mers, optionally provided with a thin, non-porous coating, 
may be advantageously used because of their excellent 
flexibility. Adjustable length guidewire catheter lumen 18 is 
preferably made from a porous expanded PTFE (ePTFE) 
film that has been provided with a porous or non-porous 
coating of a thermoplastic fluoropolymer as described pre 
viously. 

0102) The thin-walled tube is preferably made from an 
FEP-coated ePTFE film that has been cut into a tape (width, 
e.g., 12.7 mm) and helically wrapped on a mandrel with the 
FEP coating placed on the exterior of the wrapping. The 
helically wrapped tube is then placed into an oven for a 
Suitable time (e.g., 8 minutes in an oven set at a temperature 
of 320° C.) to thermally bond the overlapped edges of the 
helical wrapping together, thereby forming a coherent tube. 
After removal from the oven and cooling, the resulting tube 
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is removed from the mandrel and may be used as the 
adjustable length lumen component in the catheter of the 
present invention. The ends of this tube may be joined to the 
adjacent components by overlapping the tube end over the 
adjacent component and adhering the Overlapped areas with 
an adhesive Such as a cyanoacrylate (e.g., Loctite 401, 
Rocky Hill, Conn.) or an ultraviolet adhesive (e.g., Loctite 
3311). Alternatively, the tube may be everted to orient the 
FEP-coating toward the lumen, and an adequate heat Source 
may be used to melt-bond the FEP coating to catheter 
components Such as metal hypotubes. 

0103) For use as the puncturable, adjustable length lumen 
tubular component of a catheter, the ePTFE tube may be 
provided with corrugations (e.g., accordion pleats or folds) 
with various methods such as those taught by U.S. Pat. No. 
3,105,492 to Jeckel and U.S. Pat. No. 6,016,848 to Egres, Jr. 
Alternatively, it is not required to provide the thin-walled 
tube with preformed corrugations as, during axial compres 
sion from the fully extended length to the shortened, fully 
compressed length, the tube will wrinkle and corrugate in a 
non-uniform but entirely Suitable manner for use as the 
adjustable length lumen portion 18 of catheter 10. In another 
alternative, an elastomer may be used for the adjustable 
length portion 18 that would be in its relaxed state prior to 
loading over the guidewire and would extend into a ten 
Sioned condition when the distal end of the catheter is 
advanced. 

0104 Longitudinally extruded and expanded tubes of 
PTFE, that is, seamless ePTFE tubes, may be used in 
thinwall form as the puncturable, adjustable length 
guidewire catheter lumen. Under axial compression, the 
interconnecting fibrils of the node-and-fibril microStructure 
of ePTFE will progressively bend and fold. This allows the 
tubular material to axially compress in a Substantially uni 
form fashion, retaining the longitudinal uniformity of the 
tube wall (macroscopically), without corrugations. This 
bending of the fibrils within the microstructure of the wall of 
the ePTFE tube during axial compression is described in 
U.S. Pat. No. 4,877,661 to House et al. Longer mean fibril 
length tubes are preferred to maximize the compressible 
length, e.g., ePTFE tubes of about 50 micron or greater mean 
fibril length. 

0105. A catheter having a puncturable, adjustable length 
guidewire lumen was constructed using a very thin walled 
(e.g., 0.03 mm) sheath material. The sheath material is 
required to be thin enough to corrugate in Small folds, 
allowing the length of the sheath to be reduced to less than 
50% of its original length by compressing into the Small 
amplitude folds. A 0.01 mm thick ePTFE film provided with 
a non-porous FEP coating on one Side was chosen for the 
sheath material. This film was slit to a 6.4 mm width, thereby 
forming a tape. 

0106 An ePTFE tube, having an inner diameter of about 
1.6 mm and a wall thickness of about 0.13 mm, was fitted 
over a 1.6 mm diameter StainleSS Steel mandrel having a 
length of about 180 cm. The 6.4 mm wide tape was then 
helically wrapped about the outer surface of the ePTFE tube 
with a 50% overlap, resulting in a helically-wrapped tube 
covered with two layers of tape. The resulting assembly was 
then placed into an air convection oven set at 320° C. for 8 
minutes, after which it was removed from the oven and 
allowed to cool in an ambient environment. 
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0107 After cooling, the helically-wrapped tube was 
removed from the mandrel by withdrawing the mandrel 
from the tube. The end of the extruded tube that had not been 
helically-wrapped was clamped in a Vise. The end of the 
helical wrapping closest to the Vise was simultaneously 
pinched on opposite sides of the tube using the thumb and 
forefingers of both hands, and the helical-wrapping was 
stripped from the underlying ePTFE tube by everting the 
helically-wrapped tube while pulling it away from the Vise. 

0108. This thin-walled tube had an approximate wall 
thickness of 0.03 mm (measured using Mitutoyo Snap 
Gauge, Model #1D-C112EBS) and an inner diameter of 
approximately 1.7 mm (measured using a certified minus pin 
gauge with a tolerance of 0.01 mm). When this tube was 
loaded on a 1.2 mm diameter mandrel, it was able to be 
easily compressed to about 5% of its original length using 
light digital pressure. 

0109 Continuing assembly of the catheter, this sheath 
was then coaxially mounted over a conventional Percutane 
ous Transluminal Coronary Angioplasty (PTCA) catheter 
with a maximum outer diameter proximal of the balloon of 
less than approximately 0.040" (1.02 mm). The PTCA 
catheter used was a rapid exchange type, having a proximal 
guidewire exit port at a location Significantly distal of its 
hub. Prior to mounting the sheath, a 9 Fr (3.0 mm) inner 
diameter hemostasis y-arm valve (P/N80348, Qosina, Edge 
wood, N.Y.) was slid onto the catheter from the catheter's 
distal end (hemostasis valve oriented away from the back 
end of the catheter). Next, a female luer (P/N 65206. Qosina, 
Edgewood, N.Y.) was slid onto the catheter and the luer 
connection of these two components was engaged. A 2.0 mm 
inside diameter by 2.1 mm outside diameter 304 stainless 
Steel tube (Microgroup, Medway, Mass.) was then Swaged 
down to approximately 1.4 mm inside diameter by 1.6 mm 
outside diameter, and then trimmed to a length of approxi 
mately 19 mm. 

0110. This tube was slid coaxially over the catheter and 
bonded to the distal end of the female luer with an approxi 
mate 6 mm Overlap using cyanoacrylate adhesive (Loctite 
401, Loctite Corp., Rocky Hill, Conn.). Next, the helically 
wrapped sheath described above was slid over the distal tip 
of the catheter and its proximal end attached by Sliding it 
over the exposed end of the hypotube. These overlapped 
Surfaces were bonded using the cyanoacrylate adhesive, 
after which 2.3 mm inside diameter polyolefin 2-to-1 shrink 
ratio Shrink tubing was fitted over the junction and heated to 
conform to the surface of the junction. The distal end of the 
sheath was then trimmed to a length of approximately 135 
cm, equal to the desired working length of the catheter (i.e. 
length from the distal tip of the catheter to the distal end of 
the strain relief on the catheter's hub). The distal end of the 
sheath was then attached at a location approximately 2 mm 
distal of the proximal guidewire port in the wall of the PTCA 
catheter. This attachment was made using the cyanoacrylate 
adhesive between the sheath and catheter, and then over 
wrapping this attachment point with cyanoacrylate adhesive 
and 0.13 mm diameter ePTFE suture (CV-8, WL Gore and 
ASSociates, Flagstaff, Ariz.). 
0.111) To complete the catheter a hemostasis y-fitting was 
slid distally on the catheter until it was just proximal of the 
proximal hole of the original PTCA catheter. This com 
pressed the sheath to approximately 15% of its original 
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approximately 135 mm length. A guidewire was then fed 
into the distal tip of the catheter and carefully threaded 
through the catheter, including the sheath component, and 
out from the proximal end of the catheter through the side 
arm of the y-fitting. 
0112. With the guidewire inserted, the user was able to 
hold the guidewire and hemostasis y-fitting in a fixed 
position while advancing the distal tip of the catheter 
relative to the guidewire. Compared to a Standard catheter 
with a proximal guidewire Side port fixed distally of the 
proximal hub, this inventive catheter Significantly improved 
the ability of the section of the catheter, distal to the 
hemostasis y-fitting, to track the guidewire and allow push 
forces applied to the proximal portion of the catheter shaft 
to be transferred directly to the distal tip of the catheter. 
0113 FIG. 6 is a perspective view of catheter 10 in use 
with a puncturing tool 63 that enables puncturing of the 
cover 102 by the back end of guidewire 19. While such a 
tool is deemed unnecessary for many applications, for others 
it may prove advantageous. AS shown, tool 63 is simply a 
Short length of tubing that may be either polymeric tubing or 
metallic tubing. It is most easily made by bending the short 
length of tubing (before it is fitted about a catheter) and 
cutting away a portion of the wall along one Side of the tube 
in the region of the middle of the length of the tube, resulting 
in opening 62. In use, tool 61 is fitted coaxially about 
catheter 10 and moved along the length of catheter 10 to the 
location at which it is desired to puncture cover 102 with the 
back end of guidewire 19. The tool 61 is oriented so that the 
opening 62 exposes cover 102 on the side of the catheter 
where the guidewire is or will be contained. When a 
guidewire 19 is inserted into the catheter 10 to the location 
at which it is desired to puncture the catheter, with this 
location exposed at opening 62 in tool 61, both the catheter 
10 and tool 61 are bent as shown by FIG. 6. This bending 
results in puncturing of cover 102 by the back end of 
guidewire 19. The bending of catheter 10 is the result of 
force applied at three points 63, with the middle point being 
on the inside of the bend along the middle of the length of 
the bend and the two outer points being on the outside of the 
bend at the two opposite ends of the bend. It is apparent that 
the tool may take any suitable form that provides this three 
point contact during bending wherein the act of bending 
enables or results in puncturing of cover 102 at the desired 
location by the back end of guidewire 19. Following punc 
ture, the tool is moved out of the way by Sliding it coaxially 
along the length of the guidewire. 
0114. In still a further aspect of the invention, a polymer 
film wrapping process can be used to construct, modify or 
enhance the properties of catheters in a variety of ways. 
Suitable polymer films include, for example, flexible poly 
mer materials. Such as polyethylene, including ultra-high 
molecular weight polyethylene, polypropylene, polyamide, 
polyethylene terephthalate, fluorinated ethylene propylene 
(FEP), perfluoro alkoxy resin (PFA), polyurethane, polyes 
ter, polyimide, etc. Porous polymers, optionally provided 
with a thin, non-porous coating, may be advantageously 
used because of their excellent flexibility. The polymer film 
is most preferably made from a thin, porous expanded PTFE 
(ePTFE) film that has been provided with a porous or 
non-porous coating of a thermoplastic Such as a thermoplas 
tic fluoropolymer, preferably fluorinated ethylene propylene 
(FEP). EPTFE films are generally made as taught by U.S. 
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Pat. Nos. 3,953,566 and 4,187,390 to Gore and U.S. Pat. No. 
5,476,589 to Bacino. It may be desirable to modify the 
polymer film material by providing various fillers to the film. 
In the case of porous polymers such as ePTFE film, fillers 
can be imbibed into the porosity of the film by known 
methods, such as taught by U.S. Pat. No. 5,879,794, to 
Korleski. Suitable fillers include, for example, fillers in 
particulate and/or fiber form and can be ceramics, metals, 
metalloids, carbon, and combinations thereof. Particularly 
useful fillers include, for example, radiopaque materials, 
Such as certain metals (e.g. gold) and carbon. The fillers can 
be used in combination with desired adhesive materials 
when imbibed into the porosity of the polymer film. It may 
also be desirable to metalize the film on at least a portion 
thereof. Moreover, ePTFE/FEP laminate films are taught in 
U.S. Pat. No. 6,159,565, to Campbell et al. In an aspect of 
the invention, the polymer film is provided in a helically 
wrapped fashion. In a further aspect of the invention, 
polymer films which exhibit longitudinal shrinkage (e.g., by 
heat or chemical activation) may be particularly attractive 
for use in certain aspects of the invention. Further Suitable 
polymer films can be polymer tubes which may be heat 
shrinkable materials. One Such material is PET shrink tub 
ing, which can be provided in very thin (e.g., 0.5 mil) 
thicknesses. ePTFE is another example of polymer film (or 
tubing) that may exhibit shrinkage upon either chemical or 
heat activation. 

0.115. It may be desirable to provide a suitable adhesive 
material to at least a portion of at least one side of the 
polymer film. Any number of adhesives may be useful 
according to this aspect of the invention; including thermo 
plastic adhesives, thermoset adhesives, pressure Sensitive 
adhesives, heat activated adhesives, chemically activated 
adhesives, and UV-curable adhesives, depending upon the 
particular embodiment and desired results. The adhesives 
can be provided in liquid or Solid form. In an aspect of the 
invention, adhesives include, for example, polyamides, 
polyacrylamides, polyesters, polyolefins (e.g., polyethyl 
ene), polyurethanes, and the like. 
0116 Turning to the Figures, shown for example in 
partial isometric FIG. 7A is a general catheter 150 having 
two longitudinally extending tubular elements 152A and 
152B joined together, in an essentially parallel fashion, by 
an exterior polymer film wrap 154. The tubular elements 
152A and 152B can each be provided with lumens (151A, 
151B) extending for a portion of, or for the entire length of, 
the tubular element. This configuration allows two or more 
Simple elements to be joined together to form a more 
complex assembly Such as the double lumen catheter shown 
in FIG. 7A. Thus by the use of polymer film wrap, a double 
lumen catheter is formed without the complexity and cost of 
a typical double lumen extrusion die. Shown in FIG. 7A is 
polymer film 154 wrapped in an overlapping helical pattern 
156. The film 154 is shown in contact with an exterior or 
outer Surface 158A and 158B of the tubular elements 152A 
and 152B. The polymer film can be provided over a portion 
of each element, or the polymer film can be provided over 
the entire length of either or both elements. Tubular elements 
152A and 152B can be any longitudinally extending element 
and each may optionally have at least one lumen extending 
for at least a portion therethrough. The term "essentially 
parallel' as applied to more than one longitudinally extend 
ing element, includes a “side-by-Side” relationship (as 
shown in FIGS. 7A-7D) as well as configurations that have 
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longitudinally extending elements in a helical or "twisted’ 
relationship. Although any Suitable polymer film can be used 
(Such as films comprising the polymers mentioned above) in 
combination with any Suitable adhesive (such as those 
mentioned above) if an adhesive is desired, ePTFE provided 
with a coating of FEP is particularly useful. The ePTFE (or 
other polymer film) can be cut into a tape and wrapped about 
the elements as shown to Secure the elements together. The 
FEP coating can be either facing toward the elements, away 
from the elements, or provided on both sides of the ePTFE 
film. Polymer film wrapping may be particularly desirable 
when joining together two or more dissimilar materials. For 
example, when joining together a first tubular element 
comprising PTFE or polyimide to a second tubular element 
comprising polyamide (such as PEBAX), the elements may 
be extremely difficult to join together. A further example 
includes a first element comprising PTFE and a second 
element comprising metal. Further variations will be appre 
ciated by the skilled artisan. By providing a polymer film 
wrap about the outer Surfaces of each element, it is possible 
to obtain a more Secure catheter construction. Moreover, 
parallel elements 152A and 152B can be fused, bonded or 
adhered together by known means, in addition to being 
wrapped together with polymer film 154. In an aspect of the 
invention, parallel elements 152A and 152B can be polymer 
materials (for example, polyamide, such as PEBAX) which 
can be heat fused together, preferably after the polymer film 
154 is wrapped about the elements. This Same heating Step 
could be sufficient to activate the adhesive (if used), or to 
cause the adhesive to flow, or to cause the polymer film to 
Shrink. Such a heating Step can be used in the embodiments 
described later herein where it may be desirable to heat fuse 
together two or more polymer elements. Further, although 
tubular elements 152A and 152B are shown as having 
Substantially the same inner and outer diameters, and as 
having Substantially circular croSS Sections, it should be 
understood that the elements can be provided in a variety of 
sizes and Shapes. For example, one element could have a 
much Smaller outer diameter, inner diameter, or both, as 
compared to the Second element. In Such a construction the 
one element could be constructed to have a lumen sized to 
accept a guidewire in a Sliding relationship, while the Second 
element could be sized to have a lumen of Sufficient croSS 
Section to function as an inflation lumen that terminates at 
one end into the interior of an inflatable member (which may 
have a stent mounted thereon) located on the distal end of 
the catheter. Or, the second element could be sized to have 
a lumen of Sufficient cross-section to allow for advancement 
and delivery of devices Such as Self-expanding Stents, embo 
lic filters, etc. Moreover, the first element could be relatively 
Shorter in length than the Second element, thus producing the 
well known rapid-exchange type catheter. Further exem 
plary variations will be recognized by the skilled artisan. 

0117 Shown in partial isometric FIG. 7B is an alternate 
general catheter 150 wherein two tubular elements 152Aand 
152B are joined together, in an essentially parallel arrange 
ment, by a Series of exterior film wraps. Shown are first and 
second film wrap layersl54A and 154B respectively, each 
having an overlapping helical pattern 156A and 156B. As 
shown in FIG. 7B, the helical pattern of the first film wrap 
is mirrored or oriented 900 to the helical pattern of the 
Second film wrap. Catheters of the present invention can 
incorporate one, two, three, four, five, Six, Seven, eight, nine, 
ten or more individual layers of film wrappings. Each 
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individual layer of a film wrap can be of the same, a similar, 
or different pattern and/or be of the same, a Similar, or 
different film material. 

0118 Shown in partial isometric FIG. 7C is an alterna 
tive embodiment of the present invention. Shown is a 
general catheter 150 having two tubular elements 152A and 
152B joined together, in an essentially parallel arrangement, 
by an exterior film wrap 154 having a longitudinal or 
“cigarette” pattern 160. The film wrap 154 is shown in 
contact with an exterior or outer Surfaces 158A and 158B of 
each of tubular elements 152A and 152B and fully encircles 
(is wrapped about) the two tubular elements. The film wrap 
154 can extend for a portion of the length of each element, 
or the film wrap can be provided over the entire length of 
either or both elements. Shown in partial isometric FIG. 7D 
is a similar configuration of a general catheter 150 of the 
present invention having a polymer film 160 contacting an 
outer Surface 158A and 158B of each element 152A and 
152B, but not wrapped about (i.e. fully encircling) the two 
tubular elements. Again, the polymer film can extend for a 
portion of the length of each element, or the film can be 
provided over the entire length of either or both elements. 
0119) Numerous shapes, sizes and quantities of tubular 
elements can be easily joined together by polymer film 
wrapping to form catheters of the present invention. Shown, 
for example, in FIG. 8A is a cross-sectional view of a 
catheter of the present invention having a construction 
Similar to that shown in FIG. 7A or 7C. 

0120) Specifically, FIG. 8A is a general catheter 150, 
formed from two tubular elements 152A and 152B (having 
lumens 151A and 151B) joined together, in an essentially 
parallel arrangement, by an exterior film wrap 154. The film 
wrap is in contact with the exterior surfaces 158A and 158B 
of the tubular elements. 

0121 The term “tubular element” includes any longitu 
dinally extending structure with or without a through lumen. 
Thus, tubular elements include but are not limited to tubes 
with lumens, Solid rods, hollow or Solid wires (e.g., 
guidewires), hollow or Solid stylets, metal tubes (e.g., hypo 
tubes), polymer tubes, pull cords or tethers, fibers, filaments, 
electrical conductors, radiopaque elements, radioactive ele 
ments and radiographic elements. Tubular elements can be 
of any material and can have any cross-sectional shape 
including but not limited to profiles that are circular, oval, 
triangular, Square, polygon shaped or randomly shaped. 

0122) Shown in FIG. 8B is a general catheter 150, 
formed from two tubular elements 152A and 152B (having 
lumens 151A and 151B) joined together by an exterior 
polymer film wrap 154. Positioned within the void space 
between the tubular elements is a Solid tubular element 162. 
Tubular element 162 can be for example a guidewire or a 
stiffening stylet. Tubular element 162 can be free to translate 
longitudinally within the Void space lumen or may be fixed 
to the catheter assembly by adhesives or by frictional 
interference. Polymer film 154 may be puncturable by the 
end of the guidewire to allow a physician to choose a 
Suitable guidewire exit port at Virtually any point along the 
length of the catheter, if desired. 
0123. Moreover, polymer film wrapping can be used to 
form catheters having Similar profiles as those shown in 
FIGS. 2B through 2F. For example, shown in FIG. 8C is 
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a general catheter 150 formed from a first tubular element 
152 having lumen 151A, a second “skived” tubular element 
164 having lumen 151B and a polymer film wrap 154. The 
polymer film wrap 154 is in contact with an exterior surface 
158A and 158B of both tubular elements 152 and 164 
respectively. Tubular elements having essentially unsup 
ported or collapsible profiles (such as element 164) can be 
Supported, for example, by a mandrel during polymer film 
wrapping or during Subsequent processing. Lumen 151b can 
be a guidewire lumen, wherein polymer film wrap 154 can 
be easily punctured by a guidewire end, as discussed above, 
to allow a physician to choose a guidewire exit port along 
the length of the catheter. 
0.124. A further aspect of the present invention is depicted 
in FIG. 8D. Shown is a general catheter 150 formed from a 
first, hollow tubular element 152 having lumen 151, a 
second tubular element 162 and a polymer film wrap 154. 
The polymer film wrap 154 is in contact with exterior 
Surfaces 158A and 158B of both tubular elements 152 and 
162. Tubular element 162 can be free to translate longitu 
dinally within the void space lumen (e.g., to function as a 
guide wire) or may be fixed to the catheter assembly by 
adhesives or by frictional interference (e.g., to function as a 
stiffening stylet). Polymer film wrap 154 may be puncturable 
by the end of a guidewire to allow a physician to choose a 
Suitable guidewire exit port along the length of the catheter. 
0125 Shown in FIG. 8E is a cross-sectional profile of a 
general catheter 150 of the present invention formed from a 
first tubular element 152 having lumen 151A, a second 
“D-shaped” tubular element 166 having lumen 151B and 
polymer film wrap 154. The polymer film wrap 154 is in 
contact with exterior Surfaces 158A and 158B of both 
tubular elements 152 and 166. 

0.126 Shown in FIG. 8F is a cross-sectional profile of a 
general catheter 150 of the present invention formed from 
first, second and third tubular elements 152A, 152B and 
152C (having lumens 151A, 151B and 151C) and polymer 
film wrap 154. The polymer film wrap 154 is in contact with 
exterior Surfaces 158A, 158B and 158C of all three tubular 
elements 152A, 152B, and 152C. Also shown in FIG. 8F is 
a circular or Smooth luminal Surface 168, a “non-Smooth', 
fluted luminal surface 170 and three void spaces 172. A void 
Space 172 can be optionally used as a fluid communication 
path or guidewire lumen along at least a portion of a length 
of a general catheter 150. 
0127. As mentioned, it may be desirable to fuse, bond or 
adhere together the elements when forming a catheter 
according to the present invention. Shown in FIG. 8G is a 
croSS-Section of essentially the same catheter construction 
depicted in FIG. 8C, with the exception that the tubular 
elements 152 and 164 have been fused together as shown at 
153. Of course, 153 could also designate a suitable adhesive 
material if used. 

0128. In a further aspect, an exterior polymer film wrap 
can be used to Secure, provide Strain relief or join tubular 
elements together to form various catheter constructions. 
Shown for example in partial cross-sectional view FIG. 9A 
is a first longitudinally extending tubular element 152A 
having a through lumen 174A, an exterior outer Surface 
158A and a distal region 176. Also shown is a second 
longitudinally extending tubular element 152B having a 
through lumen 174B, an exterior outer surface 158B and a 
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proximal region 178. The distal region 176 of the first 
tubular element 152A is in contact with or joined to the 
proximal region 178 of the second tubular element 152B in 
an abutting relationship wherein the lumen 174A is in fluid 
communication with the lumen 174B. An external polymer 
film at least partially covers and is in contact with the outer 
Surfaces 158A and 158B of both tubular elements 152A and 
152B along the joined region. The polymer film 154 can 
provide a strain relief to enhance the flexural and fatigue 
properties of the joined tubular elements. Further, it can be 
designed to increased burst Strength or tensile Strength 
without significantly changing flexibility of the catheter. 
Moreover, the two tubular elements can be adhered together 
using adhesives, fuse bonding, melt bonding, or other Suit 
able means in addition to providing the polymer film. The 
polymer film layer 154 may also serve as a “fail-safe,” 
should an underlying bond fail. Polymer film can be selected 
So that the polymer film tensile Strength is many times that 
of the catheter components or the bond Zone Strength. The 
polymer film is preferably wrapped about the two tubular 
members, using one of the techniques described above. 
Moreover, either or both of the tubular elements can be 
provided with further lumens, which can also be in fluid 
communication with a corresponding lumen in the other 
tubular element. For example, each of the first tubular 
element 152A and the second tubular element 152B can be 
provided with a first through lumen and a Second through 
lumen. The first through lumen of each element can be in 
fluid communication with each other and the Second through 
lumen of each element can be in fluid communication with 
each other. The first through lumens can be sized to accept 
a guidewire in a sliding relationship and the Second through 
lumens can be sized to deliver inflation fluid to an expand 
able member located on the distal end of the catheter, or to 
deliver any number of devices, medications, etc., to a 
treatment Site. 

0129. In an alternate configuration, tubular elements can 
be similarly joined together in an overlapping relationship. 
Shown in partial cross-sectional view, FIG. 9B is a first 
longitudinally extending tubular element 152A having a 
through lumen 174A, an exterior outer surface 158A and a 
distal region 176. Also shown is a Second longitudinally 
extending tubular element 152B having a through lumen 
174B, an exterior outer surface 158B and a proximal region 
178. The distal region 176 of the first tubular element 152A 
overlaps the proximal region 178 of the second tubular 
element 152B. An external polymer film 154 at least par 
tially covers and is in contact with the outer surfacesl58A 
and 158B of both tubular elements 152A and 152B along the 
joined region. The polymer film layer 154 can provide a 
Strain relief to enhance the flexural and fatigue properties of 
the overlapping tubular elements. Further, it can be designed 
to increase burst Strength or tensile Strength without signifi 
cantly changing flexibility of the catheter. Moreover, the two 
tubular elements can be adhered together using adhesives, 
melt bonding, or other Suitable means in addition to provid 
ing the polymer film. The polymer film layer 154 may also 
Serve as a “fail-safe,” should an underlying bond fail. 
Polymer film can be selected so that the polymer film tensile 
Strength is many times that of the catheter components or the 
bond Zone Strength. The polymer film is preferably wrapped 
about the two tubular members, using one of the techniques 
described above. 
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0130 Shown in FIG.9C are two tubular elements joined 
in a skived or lap joint configuration. Shown is a first 
longitudinally extending tubular element 152A having a 
through lumen 174A, an exterior outer surface 158A and a 
distal region 176. Also shown is a Second longitudinally 
extending tubular element 152B having a through lumen 
174B, an exterior outer surface 158B and a proximal region 
178. The distal region 176 of the first tubular element 152A 
is in contact with or joined to the proximal region 178 of the 
second tubular element 152B. An external polymer film at 
least partially covers and is in contact with the outer Surfaces 
158A and 158B of both tubular elements 152A and 152B 
within the joined region. The polymer film 154 provides a 
Strain relief to enhance the flexural and fatigue properties 
along the lap joint. Moreover, the two tubular elements can 
be adhered together using adhesives, fuse bonding, melt 
bonding, or other Suitable means in addition to providing the 
polymer film. The polymer film is preferably wrapped about 
the two tubular members, using one of the techniques 
described above. 

0131) A film wrapped external layer can be used to secure 
individual components onto a tubular member to form 
catheters of the present invention. Shown for example in 
partial cross-sectional view, FIG. 10 shows a first longitu 
dinally extending tubular element 152A having an outer 
Surface 158 and a lumen 174A. A balloon or second element 
180 is in contact with the outer Surface 158 of the distal 
section of the first tubular element 152A. A polymer film 154 
is shown in contact with the outer Surface 158 of the distal 
Section of the first tubular element 152A and in contact with 
the outer Surface of the distal section of balloon 180. Also 
shown is a third element or longitudinally extending tube 
152B having a lumen 174B. Polymer film 154 is shown in 
contact with the outer Surface of the proximal Section of the 
balloon 180. Preferably polymer film 154 is wrapped about 
the outer surface of the proximal section of the balloon 180. 
Polymer film 154 can also be in contact with the outer 
Surfaces of first tubular element 152A and third element 
152B at sections proximal to balloon 180. Polymer film 154 
can also extend from the balloon 180 to the proximal end of 
the catheter 150, or to any point proximal to the balloon 180. 
The lumen 174A of first longitudinally extending tubular 
element 152A is configured as a guidewire lumen having a 
distal guidewire exit port 175 and the lumen 174B of the 
third element 152B is configured as an inflation lumen with 
its distal end terminating in the interior of the balloon 180. 
Moreover, first tubular element 152Acan be the length of the 
catheter and have a proximal guidewire exit port (not 
shown), as well as any number of guidewire exit ports 
located distal to the proximal end of the catheter and 
proximal to the proximal end of balloon 180. Of course, first 
tubular element 152A may also terminate at a point distal to 
the proximal end of the catheter, thus being configured as the 
well known rapid exchange type catheter. The balloon 180 
can be any Suitable construction. For example, the balloon 
180 can be formed by film wrapping that, in addition to 
forming a balloon, is used to Secure two or more tubular 
elements together in a fashion depicted in FIGS. 7A-D and 
8A-F. Moreover, the distal end of inner Surfaces of the 
balloon 180 can be sealed to the outer Surface 158 of first 
tubular element 152A, and the inner surfaces of the proximal 
end of balloon 180 can be sealed to the outer Surfaces of the 
first tubular element 152A and third element 152B by any 
Suitable means, Such as by adhesives, fuse bonding, heat 
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bonding, etc. Polymer film 154 can then be provided to 
(preferably wrapped about) at least one of the distal end and 
the proximal end of the balloon 180, to, for example, further 
Secure the balloon 180 to the catheter. 

0.132. In addition to securing multiple tubular elements or 
balloons, polymer film can be used to Secure or cover 
various Secondary components to form catheters of the 
present invention. These Secondary components or elements 
include but are not limited to radiopaque elements, visual 
ization elements (Such as indicia), radioactive elements, 
chemical eluting elements, electrical components, valves, 
Seals, occluders, filters, membranes, members used to alter 
or enhance mechanical properties, historic indicators of use, 
temperature or Sterilization, fluid fittings and interconnect 
hubs. Shown for example in partial croSS-Sectional view, 
FIG. 11 shows a first longitudinally extending tube 152A 
having an outer surface 158 and a lumen 174. A second 
element, in this case radiopaque marker bands 182, are in 
contact with the outer Surface 158 of the first tubular element 
152A. A polymer film 154 is shown in contact with the outer 
surface 158 of the first tubular element 152A covering the 
Second elements 182. Also shown is a visualization marking 
or label 184 that is in contact with the outer Surface of the 
first tubular element 152A. The visualization marking or 
label (i.e.; indicia) 184 is covered by a polymer film 154 that 
is in contact with the marking 184 and the outer surface 158 
of the first tubular member. Transparent or opaque polymer 
films can be used to Secure or cover various Secondary 
components. Other Secondary elements can be covered or 
Secured by film layers by constructions similar to those 
depicted in FIGS. 10 and 11. 
0.133 Film wrapping processes can be used to construct 
an entire catheter tube or be used to modify the properties of 
a catheter tube from a proximal point to a distal point on the 
tube. The same polymer materials discussed above are 
suitable for this aspect of the invention as well. Shown for 
example in partial cross-sectional view in FIG. 12 are three 
cross-sectional regions 186,188 and 190 of a single general 
catheter 150. The three regions can have different physical 
properties due to the different film wraps applied to each 
region. Shown in croSS-Sectional region 186 is an elongated 
tubular element 152 having a single film layer 154 wrapped 
about the tubular element. Similarly shown in croSS-Sec 
tional region 188 is an elongated tubular element 152 having 
four individual film layers 154A, 154B, 154C and 154D 
wrapped about the tubular element. Also shown in croSS 
sectional region 190 is an elongated tubular element 152 
having six individual film layers 154A, 154B, 154C, 154D, 
154E and 154F wrapped about the tubular element. Each 
region can be tailored, by altering the individual film layers, 
to have desired mechanical characteristics Such as flexibility, 
column or compression Strength, tensile Strength, crush 
resistance, burst Strength, wall thickness, torsional Strength, 
lubricity, etc. These different mechanical properties can be 
controlled by varying the number of film layers, by varying 
the film wrap pattern or by varying individual film properties 
Such as film material, film thickness, film Strength or film 
orientation. A general catheter according to this aspect of the 
invention can have, for example, a relatively Stiff proximal 
region transitioning to an intermediately Stiff transition 
region that transitions to a relatively flexible distal region. 
Furthermore, polymer film can be wrapped about a catheter 
in discreet locations to be located near both ends of an 
implantable device, Such as an expandable Stent, to constrain 
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the device and/or prevent longitudinal expansion of, for 
example, the stent. Moreover, the polymer film could be 
wrapped in a layered manner to provide a Smooth transition 
from the outer Surface of the catheter to the stent on either 
Side of the Stent. Catheter tubes according to this aspect of 
the invention can be constructed entirely from film wrap 
pings or can be formed by wrapping film about any elon 
gated tubular Structure, Such as a polymer extrusion, hypo 
tube, etc. 
0134 Catheters can be constructed having physical 
attributes that vary by distinct regions or can display a 
progressive or continuous gradient in physical properties. 
Shown for example in partial cross-section view FIG. 13 is 
a general catheter 150 having a first end region 192 and a 
second end region 194. The first end region 192 has a wall 
thickness 196 that is less than the wall thickness 198 of the 
second end region 194. In addition, the first end region 192 
has a inner dimension 200 that is greater than the inner 
dimension 202 of the second end region 194. Such dimen 
Sions can be altered by progressively varying the number of 
film layers, by progressively varying the film wrap pattern or 
by progressively varying individual film properties (such as 
thickness) along the length of the catheter. In an alternate 
embodiment, catheters of the present invention can have 
variable properties by discrete or “step” variance in the film 
application. Furthermore, catheters can be formed having 
essentially constant inner diameters (IDS), outer diameters 
(ODS), and/or wall thickness, but longitudinal properties can 
be varied by using different film materials over the length of 
the catheter. 

0135 Film wrapping processes are ideally suited for 
forming tubular elements with “non-linear profiles Such as 
tapers, flares, an "egg in a Snake' bulge, Square to round 
(profile 1 to profile 2) shapes, large to Small diameters or any 
other, “generally non-extrudable' profile. Shown for 
example in partial cross-sectional FIG. 14 is a general 
catheter 150 of the present invention having a first end 
region 192 and a second end region 194. The first end region 
192 has a inner dimension 200 that is greater than the inner 
dimension 202 of the second end region 194. The general 
catheter has a wall thickness 204 that is essentially uniform 
along the longitudinal length. 
0.136 Catheter profiles, such as the tapered profiles 
shown in FIGS. 13 and 14 can be constructed by film 
wrapping over a tapered or non-linear mandrel. Preferably, 
the film is an expanded fluoropolymer (e.g., ePTFE) that has 
a thermoplastic coating (e.g., FEP) applied to an external 
surface of the film. The film can be wrapped about the 
mandrel with the thermoplastic coating facing outwards. 
The thermoplastic coating can be melted to adhere the film 
wrap together on the outside Surface, leaving an inner, 
lubricious Surface on the inner Surface of the catheter 
component. The catheter component can then be removed 
from the mandrel. One skilled in the art will now understand 
the various catheter configurations which can be constructed 
using this film wrapping procedure. One advantage to using 
this procedure is the ability to easily construct tubular 
elements with incredibly tight wall thickness tolerances, as 
compared to forming tubular elements by an extrusion 
process. Polymer films particularly ePTFE films-can be 
produced in extremely thin films with very little thickness 
variance acroSS the film. Thus, by wrapping Such a film 
about a mandrel, tubes with tightly controlled wall thick 
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neSSes can be easily produced. Moreover, tube concentricity 
can also be easily and tightly controlled using Such a film 
wrap process. 

0.137 Film wrapping processes can also be used to form 
tubular members that have a longitudinal Sliding relation 
ship. For example as shown in partial croSS-Sectional view 
FIG. 15A is a general catheter 150 of the present invention 
having a longitudinally extending tubular element 152 with 
a film wrapped external layer 154. In an aspect of the 
invention, the film 154 is an expanded fluoropolymer (e.g., 
ePTFE) and has a thermoplastic coating (for example FEP) 
applied to an external Surface of the film. Thus the film can 
be wrapped over the tubular element 152 with the thermo 
plastic coating facing outwards. The thermoplastic coating 
can be melted to adhere the film wrap together on the outside 
Surface leaving an inner lubricious Surface (the expanded 
fluoropolymer) that does not adhere to the longitudinally 
extending tubular element 152. Since the film covering 154 
is not adhered to the tubular element 152 the two compo 
nents can be free to move longitudinally relative to each 
other. In addition a sealed or “Zero-clearance' fit between 
the tube and the film can be produced by the film wrap. 
Shown in FIGS. 15B and 15C are examples of such a 
sliding fit between a base tube 152 and an external film wrap 
154. Shown are longitudinal relative motions 206 between 
the base tube 152 and the external film wrap 154. 
0.138. In a preferred embodiment, a general catheter of 
the present invention has a longitudinally sliding fit between 
a base tube and an external film layer that forms a sliding 
“gate-valve'. Shown in partial cross-sectional view FIG. 
16A is a general catheter of the present invention 150 having 
a longitudinally extending tubular element 152 covered by a 
film layer 154. The longitudinally extending tubular element 
152 has a first port 208 and the film layer 154 has a second 
port 210. The ports are shown in a longitudinally Separated 
position, so that the valve is “closed”. 

0139 Shown in partial cross-sectional view FIG. 16B is 
a general catheter of the present invention 150 having a 
longitudinally extending tubular element 152 covered by a 
film layer 154. The longitudinally extending tubular element 
152 has a first port 208 and the film layer 154 has a second 
port 210. When the tubular element 152 is longitudinally 
translated 206, the ports 208 and 210 become aligned as 
shown, so that the valve is “opened”. Of course, each of the 
tubular element 152 and the film layer 154 can be provided 
with more than one port. 

0140 FIG. 17 is a partial cross-sectional view of a 
general catheter 150 of the present invention having a spiral 
cut tube (such as a polymer tube, metal tube Such as a 
hypotube, etc.) 212 wrapped with a film layer 154. The gaps 
or cuts 214 in the tube are essentially sealed by the film wrap 
154. The desired flexibility of the tube is maintained and by 
the addition of the film wrap 154, a sealed fluid lumen is 
formed within the tube. Such constructions are Suitable for 
forming ports or “hydro-jets” into the tube. Shown in partial 
isometric view, FIG. 18A is a tube 212 having a spiral cut 
214. The tube is covered with a film layer 154 that has gaps 
216 between the adjacent film edges. The gaps 216 in the 
film layer in effect form fluid ports or hydro-jets that 
coincide with Selected gaps in the cut tube. In an alternate 
embodiment shown in partial cross-sectional view FIG. 18B 
the tube 212 is fully covered by a film wrapped layer 154 
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similar to that shown in FIG. 17. The film layer can have cut 
holes or ports 218 that align with selected gaps 214 of the 
tube, or holes 218 can be cut through the tube to form a port 
or hydro-jet. Moreover, the tube can be provided with a 
Spiral cut with changing pitch acroSS all, or a part of, the 
length of the tube, thus providing a flexibility transition 
region in the tube. Of course, desirable flexible tubing can be 
obtained by other means than providing a spiral cut tube. In 
this regard any tubular element having at least one fenes 
tration through its wall may be used. Suitable fenestrations 
can be obtained by, for example, etching, cutting, drilling, 
etc. Any desirable number of fenestrations can be provided. 
For example, Strategically placed cuts could be located at 
any number of locations along the length and/or around the 
circumference of the tube. The cuts in the tubing could be 
Strategically arranged to provide for varying flexibility 
acroSS the length of any number of tubular bodies. Just as 
discussed above, the cuts in the tube would be suitable for 
forming ports for “hydrojets”. Furthermore, rather than 
using a cut tube, a spiral metal ribbon could be wrapped with 
a film layer 154. 
0.141. With regard to film wrapping offenestrated tubing, 

it is believed that an ePTFE/adhesive laminate film may be 
particularly useful. For example, as discussed above, it may 
desirable to provide an adhesive to the outer Surface, the 
inner surface, or both, of the ePTFE film to provide for 
enhanced properties. In Such a case, it is believed that the 
ePTFE is particularly attractive, since the ePTFE may act as 
a stable Scaffold (i.e., the film tends to shrink only a Small 
amount) for the adhesive. For example, when wrapping a 
metal hypotube with an ePTFE/FEP system, the FEP could 
act as an adhesive, the System could be heated to cause the 
FEP to flow; however, the FEP will tend to stay in the ePTFE 
Structure and not infiltrate into the fenestrations in the 
hypotube. Further embodiments could include wrapping a 
cut PEBAX tube with an ePTFE film and an adhesive with 
a lower melting temperature-or indeed a UV curable 
adhesive. Other variations of this embodiment will now be 
apparent to the skilled artisan. 
0142 Film coverings of the present invention do not 
necessarily have to be adhered or fixed onto a base tubular 
element. In Some preferred embodiments, catheters of the 
present invention can have film coverings that are non 
adhered or Separate from the underlying base tubular ele 
ment. Shown for example in partial cross-sectional view 
FIG. 19A is a general catheter 150 of the present invention 
having a longitudinally extending tubular element 152 
(which can have at least one lumen extending for at least a 
portion of its length, or can be a Solid Structure, Such as a 
guidewire) covered with a “relaxed” non-distending film 
220. The non-distending film covering 220 is shown having 
generally sinusoidal folds 222. The non-distendable film 
covering 220 can have any Suitable relaxed or non-expanded 
shape having for example folds, corrugations or pleats 
which can be oriented circumferentially or longitudinally. 
The non-distending film covering 220 is shown in contact 
with portions of external Surface 158 of the tubular element 
152. The film covering 220 is not adhered to the depicted 
portion of the longitudinally extending tubular element 152. 
As shown in partial cross-sectional view FIG. 19B, when an 
inflation fluid or gas is injected into the interstitial Space 224, 
the non-distending film covering 220 unfolds and expands to 
form a fluid communication path between the film covering 
220 and the longitudinally extending tubular element 152. 
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Inflation fluid or gas can be injected into the interstitial Space 
224, for example, via a port located on or near the proximal 
end of the catheter, or when tubular element 152 has a 
lumen, the tubular element 152 can be provided with per 
forations, apertures, etc., through the tube wall and the fluid 
or gas can be injected into the lumen through the perfora 
tions, apertures, etc., to unfold and expand the film covering. 
0143. In a similar configuration, stretchable, elastic or 
distending film coverings can be applied and Selectively 
non-adhered to a longitudinally extending tubular element. 
Shown for example in partial cross-sectional view FIG. 20A 
is a general catheter 150 of the present invention having a 
longitudinally extending tubular element 152 (which can 
have at least one lumen extending for at least a portion of its 
length, or can be a Solid structure, Such as a guidewire) 
covered with an elastic, stretchable film 226. The stretchable 
film covering 226 is shown in contact with (but non 
adhered-to) an external surface 158 of the tubular element 
152. As shown in partial cross-sectional view in FIG. 20B, 
when an inflation fluid or gas is injected into the interstitial 
Space 224 (as discussed above), the film covering 226 
Stretches and expands to form a fluid communication path 
between the film covering 226 and the longitudinally 
extending tubular element 152. A film can be rendered 
“stretchable', for example, by applying an elastic material to 
the film while in a compressed State or by applying a film 
wrap having an expandable pattern similar to a "Chinese 
Finger Grip' configuration. 

0144. Alternate uses of film wrappings on catheters 
include the Sealing of Secondary lumens or channels. Shown 
for example in cross-sectional view FIG. 21 is a typical 
catheter Section modified according to an aspect of the 
present invention. Shown is optional inner lubricious (e.g., 
PTFE) liner 228 defining a generally centrally located lumen 
231, which can extend for at least a portion of the length of 
the catheter body or for the entire length of the catheter body. 
The PTFE liner 228 can be formed, for example, as an 
extruded tube of PTFE, or from PTFE tape (e.g., ePTFE 
tape) which has been formed into tubular shape by wrapping 
the tape about a mandrel, as discussed above. Also shown is 
an optional circumferentially and longitudinally extending 
wire support braid 230 embedded into a thermoplastic layer 
232. In an aspect of the invention thermoplastic layer 232 is 
provided without the wire Support braid. A laser (Such as a 
20 watt CO laser, Applied Laser Technology, Beaverton, 
Oreg.) can be used to Selectively cut a longitudinal (or 
spirally) extending channel 234 of virtually any desired 
shape in the thermoplastic layer 232. The channel can extend 
for at least a portion of the length of the catheter body or for 
the entire length of the catheter body. The laser power can 
be adjusted to remove the thermoplastic 232 but not the 
PTFE inner liner 228 or the optional wire Support braid 230. 
Film 154 can then be applied to the exterior Surface 158 of 
the catheter, forming a fluid communication path 236 or 
lumen in the existing wall of the catheter. The film 154 can 
be provided to cover the channel and only portions of the 
thermoplastic layer near the channel So as to form a fluid 
communication path 236 in the catheter, or the film 154 can 
be wrapped about the circumference of the catheter, thus 
forming a fluid communication path 236 in the catheter. 
0145. In a further aspect of the invention, demonstrated 
in FIG. 21A, the catheter can have a proximal end and a 
distal end, with a generally centrally located lumen 231 
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extending from its proximal end to its distal end. The 
longitudinally (or spirally) extending channel 236 extends 
from the catheter proximal end (or near its proximal end) to 
its distal end (or near its distal end) where it can be in fluid 
communication with the interior of an inflatable member 
301 located on the distal end of the catheter. Inflation fluid 
can be delivered to, and removed from, the interior of 
inflatable member 301 through channel 231 as shown by 
arrows 302. Inflatable member 301 can be, for example, an 
occlusion balloon designed to occlude blood flow in a target 
vessel or artery 400, while still allowing blood to flow 
through the generally centrally located lumen 231 of the 
catheter. Generally centrally located lumen 231 can also be 
used to advance a guidewire (or other desirable device Such 
as a dilatation catheter, thrombectomy removal device, treat 
ment catheter, embolic filter, medication, etc.) through the 
catheter to aid in guiding the catheter to a treatment Site. Use 
of the wire support braid 230 may allow for construction of 
a catheter of this type with extremely Small profiles, due to 
the extra Support provided by the wire braid in combination 
with the ability to form, for example, a fluid delivery lumen 
(i.e. the channel) of extremely small cross Section. Thus, the 
catheter of this aspect of the invention may be particularly 
attractive for use in treatments in the cerebral vasculature of 
a patient. Furthermore, the catheter according to this aspect 
of the invention could be constructed So that a dilatation 
balloon is located on the distal end of the catheter. Fluid 
communication path can be in fluid communication with the 
interior of the dilatation balloon, thus allowing for the 
delivery and removal of inflation fluid to the dilatation 
balloon. Generally centrally located lumen 231 could be 
sized to accept in a sliding relationship a guidewire. Of 
course, an expandable Stent could be mounted on the dila 
tation balloon. 

0146 Film wrapping processes can also be used to alter 
or create new Surface profiles on tubular elements. Shown 
for example in partial isometric view, FIG.22A is a catheter 
Section 150 comprising a longitudinally extending tubular 
element (which may contain a lumen extending for at least 
a portion of its length) 152 having a selectively adhered film 
covering 238 that is in contact with the exterior surface 158 
of the tubular element 152. The film 238 has portions that are 
adhered 240 to the tubular element 152 and portions that are 
not adhered 242, forming a continuous Spiral array of “fish 
Scales'. Such fish Scales can be used to impart directional 
friction (e.g., within a blood vessel or artery) So that a 
catheter of the present invention resists longitudinal motion 
in one direction yet slides easily in the opposite direction. 
Fish scales or "sails' can also be used to "catch” a fluid flow 
(e.g., blood flow) and allow a catheter to be carried along 
with the fluid flow, or at least aid in advancing the catheter. 
Films can be selectively coated with an adhesive or ther 
moplastic, for example, on one edge to form Scales or other 
Surface modifications according to the present invention. 
Films fully coated with an adhesive or thermoplastic can be 
wrapped over a temporary intermediate layer of a high 
temperature material that prevents portions of the film from 
adhering to itself. 
0147 FIGS. 22B and 22C show in partial isometric and 
in partial cross-section respectively a catheter Section 150 
according to this aspect of the invention. As shown in FIGS. 
22B and 22C, the film 238 is shown laying against the 
exterior Surface 158 of the tubular element 152. Ghost lines 
241 in FIG. 22B indicate the portions of the film that are 
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adhered to the exterior Surface158 of the tubular element 
152. Moreover, FIG. 22D demonstrates use of a catheter 
according to this aspect of the invention as, for example, a 
dilatation balloon catheter. As seen in FIG. 22D, catheter 
150 is shown being advanced to place expandable member 
301 across a stenosis S. The arrows indicate the direction of 
blood flow within a patient’s blood vessel or artery. As 
shown, selectively adhered film covering 238 is now in 
contact with the exterior Surface 158 of the tubular element 
152 at only those portions where the film 238 has been 
adhered 240 to the tubular element 152, thus forming a 
continuous spiral array of “fish Scales'. AS Should now be 
apparent, the continuous spiral array of fish Scales, which 
also resemble an auger formation, can assist, and perhaps 
indeed direct, the catheter 150 to advance distally in a 
chosen blood vessel or artery. Moreover, it should be appar 
ent that by providing a rotational force to the catheter 150, 
further ease of advancement is obtainable. Furthermore, by 
applying rotational force, it may be possible to help increase 
the blood flow in patient's artery or vessel. It should be noted 
that the film forming the Spiral array of fish Scales need not 
be provided as a continuous Strip of film. AS should now be 
appreciated, the Selectively adhered film covering may also 
have benefits when the catheter is fixed, relative to the 
direction of blood flow. As shown in FIG.22D, if blood flow 
is in the direction of the arrows, the film may act to disrupt 
or obstruct blood flow in a vessel. If blood flow is in a 
direction opposite the arrows, the blood flow may push the 
film against the outer surface 158 of the catheter 150; thus 
the film will not significantly interfere with blood flow in 
this direction. 

0.148. In an alternative embodiment, suitable “fish scales' 
or "Sails' could be obtained by using polymer film having a 
variable stiffness or thickness across the width of the film. 
For example, a Suitable polymer film could be cut into tape 
form wherein one side of the tape is thicker than the other 
side of the tape. As shown in FIG. 22E, the polymer film 
tape 238 could then be located on the exterior surface 158 of 
a tubular element 152, with the thicker side of the tape 238a 
closer to the proximal end of the tubular element 152. Like 
the other embodiments, the tape could be arranged in a 
continuous manner about the tubular element, or in any 
desired discontinuous manner. The thicker Sides of the tape 
could serve the same function as the “fish scales' and "sails' 
discussed above. The surface of polymer film tape 238 in 
contact with the exterior Surface 158 of the tubular element 
152 can be, if desired, either completely adhered to the 
exterior Surface or adhered in only Selected portions of the 
film area in contact with the exterior Surface 158. 

1. Catheter comprising: 
at least a first and a Second essentially parallel, longitu 

dinally extending elements each having an Outer Sur 
face, a distal end and a proximal end; 

at least one of the elements having a lumen extending for 
at least a portion therethrough; and 

polymer film contacting the outer Surface of each element. 
2. The catheter of claim 1, wherein the at least first and 

Second elements comprise a first tube and a Second tube, 
each having a lumen extending for at least a portion there 
through. 
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3. The catheter of claim 2, wherein one of the lumens is 
a guidewire lumen and one of the lumens is an inflation 
lumen. 

4. The catheter of claim 1, wherein the polymer film is 
wrapped about the outer Surface of each element. 

5. The catheter of claim 4, wherein the polymer film is 
helically wrapped about the outer Surface of each element. 

6. The catheter of claim 1, wherein the at least first 
element is a tube and the at least Second element comprises 
a material Selected from the group consisting of wires, 
chords, fibers, and filaments. 

7. The catheter of claim 6, wherein the polymer film is 
wrapped about the outer Surfaces of the at least first element 
and the at least Second element. 

8. The catheter of claim 7, wherein the polymer film is 
helically wrapped about the outer Surfaces of the at least first 
element and the at least Second element. 

9. The catheter of claim 6, wherein an inflatable member 
is located on the distal end of the catheter. 

10. The catheter of claim 2, wherein the first tube and the 
Second tube are about the same length. 

11. The catheter of claim 10, wherein the second tube is 
provided with a guidewire exit port that communicates with 
the lumen of the Second tube and that is located at a point 
between the distal and proximal ends of the Second tube. 

12. The catheter of claim 2, wherein the first tube is longer 
than the Second tube. 

13. The catheter of claim 2, wherein an inflatable member 
is located on the distal end of the catheter. 

14. The catheter of claim 13, wherein a stent is mounted 
on the inflatable member. 

15. A catheter comprising: 
a first element comprising a first longitudinally extending 

tube having an outer Surface, a lumen extending for at 
least a portion therethrough, a distal end and a proximal 
end; 

a Second element in contact with the outer Surface of the 
first element; and 

polymer film in contact with the outer surface of the first 
element and the Second element. 

16. The catheter of claim 15, wherein the second element 
is a radiopaque material. 

17. The catheter of claim 15, wherein the second element 
is indicia placed on the outer Surface of the first element. 

18. The catheter of claim 15, wherein the polymer film is 
wrapped about the outer Surface of each element. 

19. The catheter of claim 18, wherein the polymer film is 
helically wrapped about the outer Surface of each element. 

20. A catheter comprising: 
a first longitudinally extending element having a lumen 

extending for at least a portion therethrough, an outer 
Surface, a proximal region and a distal region; 

a Second longitudinally extending element having a lumen 
extending for at least a portion therethrough, an outer 
Surface, a proximal region and a distal region; 

the distal region of the first element joined to the proximal 
region of the Second element; 

wherein polymer film is in contact with the Outer Surface 
of the distal region of the first element and the proximal 
region of the Second element. 
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21. The catheter of claim 20, wherein the first element and 
the Second element are joined in abutting relationship. 

22. The catheter of claim 20, wherein the first element and 
the Second element are joined in an overlapping joint. 

23. The catheter of claim 20, wherein the lumen of the first 
element and the lumen of the Second element are in fluid 
communication. 

24. The catheter of claim 20, wherein at least one of the 
first element and the Second element further includes a 
Second lumen extending for at least a portion therethrough. 

25. The catheter of claim 24, wherein both of the first 
element and the Second element further include a Second 
lumen extending for at least a portion therethrough. 

26. The catheter of claim 25, wherein the first and second 
lumen of the first element are in fluid communication with 
the first and Second lumen of the Second element, respec 
tively. 

27. The catheter of claim 20, wherein the polymer film is 
wrapped about the outer Surface of each element. 

28. The catheter of claim 27, wherein the polymer film is 
helically wrapped about the outer Surface of each element. 

29. A catheter comprising: 
Alongitudinally extending tube having at least one physi 

cal property varied from a proximal point on the 
catheter to a distal point on the catheter, the at least one 
physical property being varied by wrapping polymer 
film about at least a portion of the length of the catheter. 

30. The catheter of claim 29, wherein the at least one 
varied physical property is Selected from the group consist 
ing of flexibility, column Strength, tensile Strength, crush 
resistance, burst Strength, wall thickneSS and lubricity. 

31. The catheter of claim 29, wherein the catheter has a 
wall thickness that varies from a proximal point to a distal 
point. 

32. The catheter of claim 29, wherein the catheter has a 
tapered outer diameter. 

33. The catheter of claim 29, wherein the catheter has a 
tapered inner diameter. 

34. The catheter of claim 29, wherein the longitudinally 
extending tube is formed by the wrapped polymer film. 

35. The catheter of claim 34, wherein the longitudinally 
extending tube has a wall thickness that varies from a 
proximal point to a distal point. 

36. The catheter of claim 34, wherein the catheter has a 
tapered outer diameter. 

37. The catheter of claim 34, wherein the catheter has a 
tapered inner diameter. 

38. A medical device comprising: 
a longitudinally extending tube having a wall portion and 

a lumen extending for at least a portion therethrough; 

the tube having at least one fenestration extending 
through the wall portion; and 

polymer film covering at least a portion of the at least one 
fenestration. 

39. The medical device of claim 38, wherein the polymer 
film has at least one polymer film aperture overlaying at least 
a portion of the at least one fenestration. 

40. The medical device of claim 38, wherein the polymer 
film is wrapped about the tube and has non-overlapping 
edges forming the at least one polymer film aperture. 
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41. The medical device of claim 38, wherein the tube 
fenestration is a longitudinally extending Spiral cut through 
the wall portion. 

42. The medical device of claim 38, wherein an inflatable 
member is located on the distal end of the tube and the lumen 
is in fluid communication with the interior of the inflatable 
member. 

43. Catheter comprising a first longitudinally extending 
hollow polymer tube having a proximal end, a distal end, a 
wall having an inner Surface and an outer Surface, and a 
centrally located lumen extending from the proximal end to 
the distal end; 

a channel located in the wall forming an opening in the 
outer Surface of the wall and extending from the 
proximal end to the distal end; and 

polymer film covering the channel from the proximal end 
to the distal end, thus covering the opening in the outer 
Surface and forming a first wall lumen extending from 
the proximal end to the distal end. 

44. The catheter of claim 43, further comprising a Second 
longitudinally extending hollow tube having a proximal end 
and a distal end, a wall having an inner Surface and an outer 
Surface, and a centrally located lumen extending from the 
proximal end to the distal end, wherein the Second longitu 
dinally extending hollow tube is located inside the first 
longitudinally extending hollow tube with the inner Surface 
of the first tube being in contact with the outer surface of the 
Second tube. 

45. The catheter of claim 44, wherein the first polymer 
tube encapsulates a metal braid material. 

46. The catheter of claim 45 wherein the polymer material 
comprises polyamide. 

47. The catheter of claim 46, wherein the polymer film 
comprises polytetrafluoroethylene. 

48. The catheter of claim 44, wherein the second tube 
comprises polytetrafluoroethylene. 

49. The catheter of claim 48, wherein the polytetrafluo 
roethylene is extruded polytetrafluoroethylene. 

50. The catheter of claim 48, wherein the polytetrafluo 
roethylene is expanded polytetrafluoroethylene. 

51. The catheter of claim 46, wherein the channel is 
formed by a laser. 

52. The catheter of claim 46, wherein the polymer film is 
wrapped about the outer Surface of the first longitudinally 
extending hollow tube. 

53. The catheter of claim 52, wherein the polymer film is 
helically wrapped about the outer Surface of the first longi 
tudinally extending hollow tube. 

54. The catheter of claim 43, wherein the channel is a 
longitudinally extending channel. 

55. The catheter of claim 43, wherein the channel is a 
Spirally extending channel. 

56. The catheter of claim 43, wherein an inflatable mem 
ber is located on the distal end of the catheter. 

57. The catheter of claim 56, wherein the first wall lumen 
is in fluid communication with the inflatable member. 

58. The catheter of claim 57, wherein a guidewire is in 
Sliding relationship with the centrally located lumen of the 
first longitudinally extending hollow tube. 
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59. The catheter of claim 45, wherein an inflatable mem 
ber is located on the distal end of the catheter and the first 
wall lumen is in fluid communication with the inflatable 
member. 

60. The catheter of claim 58 wherein the inflatable mem 
ber is an occlusion balloon. 

61. The catheter of claim 43, wherein the catheter is sized 
to be capable of being advanced into a patient's cerebral 
vasculature. 

62. The catheter of claim 60, wherein the catheter is sized 
to be capable of being advanced into a patient's cerebral 
vasculature. 

63. The catheter of claim 44, wherein the catheter is sized 
to be capable of being advanced into a patient's cerebral 
vasculature. 

64. The catheter of claim 56, wherein the catheter is sized 
to be capable of being advanced into a patient's cerebral 
vasculature. 

65. The catheter of claim 64, wherein the inflatable 
member is an occlusion balloon. 

66. The catheter of claim 56, wherein the inflatable 
member is a dilatation balloon. 

67. The catheter of claim 66, wherein a stent is mounted 
on the dilatation balloon. 

68. The catheter of claim 43, further comprising at least 
a Second channel located in the wall forming at least a 
second opening in the outer surface of the wall. 

69. The catheter of claim 68, wherein the second channel 
extends from the proximal end to the distal end of the 
catheter. 

70. The catheter of claim 68, wherein the polymer film 
covers the at least Second opening in the Outer Surface of the 
wall, forming at least a Second wall lumen. 

71. The catheter of claim 70, wherein the second wall 
lumen extends from the proximal end to the distal end of the 
catheter. 

72. The catheter of claim 44, wherein the channel is a 
longitudinally extending channel. 

73. The catheter of claim 44, wherein the channel is a 
Spirally extending channel. 

74. The catheter of claim 44, wherein an inflatable mem 
ber is located on the distal end of the catheter. 

75. The catheter of claim 74, wherein the first wall lumen 
is in fluid communication with the inflatable member. 

76. The catheter of claim 75, wherein a guidewire is in 
Sliding relationship with the centrally located lumen of the 
first longitudinally extending hollow tube. 

77. The catheter of claim 74, wherein the inflatable 
member is an occlusion balloon. 

78. The catheter of claim 74, wherein the inflatable 
member is a dilatation balloon. 

79. The catheter of claim 78, wherein a stent is mounted 
on the dilatation balloon. 


