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(57) ABSTRACT 

Acatheter shaft is disclosed that may reduce the thickness of 

the inner layer and/or may alloW the reinforcing layer to 
share the same space as the inner lubricious layer. In one 

illustrative embodiment, the inner lubricious layer is 
removed altogether, and an inner tubular braid member 
de?nes the inner lumen of the catheter shaft. In another 

illustrative embodiment, the inner lubricious layer and the 
reinforcing layer are effectively combined to form a rein 
forcing member. To combine the inner lubricious layer and 
the reinforcing layer, the Wires used to form the reinforcing 
braid or coil are ?rst coated With a lubricious polymer such 

as PTFE or PFA. When these strands are Wound to form the 

tubular reinforcing member, the inner surface of the rein 
forcing member includes a lubricious surface. Various meth 
ods are also disclosed for providing a smooth inner surface 
for the catheter shaft. 
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REINFORCED CATHETER AND METHOD OF 
MANUFACTURE 

TECHNICAL FIELD 

[0001] The present invention generally relates to the ?eld 
of intravascular medical devices, and more speci?cally to 
the ?eld of catheters such as guide catheters used for the 
placement of medical devices and diagnostic catheters used 
to inject radiopaque ?uids Within the body for treatment and 
diagnosis of vascular diseases. In particular, the present 
invention relates to an improved reinforced guide or diag 
nostic catheter and methods of manufacture. 

BACKGROUND OF INVENTION 

[0002] Several types of catheters are utiliZed for intravas 
cular treatment. Examples of intravascular catheters include 
guide catheters, angioplasty catheters, stent delivery 
devices, angiography catheters, neuro catheters, and the like. 

[0003] Guide catheters are commonly used during coro 
nary angioplasty procedures to aid in delivering a balloon 
catheter or other interventional medical devices to a treat 
ment site in a coronary vessel. In a coronary angioplasty 
procedure, a guide catheter is introduced into a peripheral 
artery and advanced over a guideWire through the aorta until 
the distal end of the guide catheter is engaged With the 
appropriate coronary ostium. Next, a balloon dilatation 
catheter is introduced over a guideWire and through the 
guide catheter. The guideWire is advanced past the distal end 
of the guide catheter Within the lumen of the diseased vessel 
and manipulated across the region of the stenosis. The 
balloon dilatation catheter is then advanced past the distal 
end of the guide catheter, over the guideWire, until the 
balloon is positioned across the stenotic lesion. After the 
balloon is in?ated to dilate the blood vessel in the region of 
the stenotic lesion, the guideWire, balloon dilatation catheter 
and guide catheter are WithdraWn. 

[0004] Guide catheters typically have preformed bends 
formed along their distal portion to facilitate placement of 
the distal end of the guide catheter into the ostium of a 
particular coronary artery of a patient. In order to function 
ef?ciently, guide catheters generally require a relatively stiff 
main body portion and soft distal tip. The stiff main body 
portion gives the guide catheter sufficient “pushability” and 
“torqueability” to alloW the guide catheter to be inserted, 
moved and rotated in the vasculature to position the distal 
end of the catheter at the desired site adjacent to a particular 
coronary artery. HoWever, the distal portion should have 
sufficient ?exibility so that it can track over a guideWire and 
be maneuvered through a tortuous path to the treatment site. 
In addition, a soft distal tip at the very distal end of the 
catheter should be used to minimiZe the risk of causing 
trauma to a blood vessel While the guide catheter is being 
moved through the vasculature to the proper position. 

[0005] Angiography catheters can be used in evaluating 
the progress of coronary artery disease in patients. Angiog 
raphy procedures are used to vieW the patency of selected 
blood vessels. In carrying out this procedure, a diagnostic 
catheter having a desired distal end curvature con?guration 
may be advanced over a guideWire through the vascular 
system of the patient until the distal end of the catheter is 
steered into the particular coronary artery to be examined. 
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[0006] For most intravascular catheters, it is desirable to 
have both a small outer diameter and a large inner lumen. 
Having a small outer diameter alloWs the catheter to be 
maneuvered more easily once inserted into the body, and 
may alloW the catheter to reach more distal sites. Having a 
large inner lumen alloWs larger medical appliances to be 
inserted through the catheter and/or alloWs a higher volume 
of ?uids to be injected through the inner lumen. To minimiZe 
the outer diameter of the catheter and maximiZe the inner 
diameter of the inner lumen, a relatively thin catheter Wall 
is needed. 

[0007] Thin-Walled catheters formed strictly from poly 
mers such as polyether block amide often do not have 
suf?cient strength to be useful in many medical procedures. 
The pushability, torqueability, kinkability and other charac 
teristics are often not acceptable. One Way to increase the 
strength of such a thin-Walled catheter is to provide a 
reinforcing braid or coil in the catheter Wall. One such 
catheter is shoWn in US. Pat. No. 4,516,972 to Samson. 
Samson discloses an intravascular catheter that has an inner 
lubricious layer (e.g., PTFE), an intermediate reinforcing 
layer (braid), and an outer layer. The inner lubricious layer 
reduces the friction of the Wall of the inner lumen, Which is 
particularly useful When dilatation catheters or other medical 
devices are passed through the inner lumen. The braided 
reinforcing layer is braided over the lubricious layer, and the 
outer layer is extruded over the reinforcing layer. 

[0008] While Samson improves the strength of the cath 
eter Wall, the ability to minimiZe the thickness of the catheter 
Wall is limited. For example, the minimum thickness of the 
inner lubricous layer of Samson typically must be suf? 
ciently thick to ensure that the lubricious layer remains 
structurally intact during subsequent processing steps, such 
as When the reinforcing layer is braided thereover. In addi 
tion, the braided reinforcing layer does not penetrate the 
outer surface of the inner lubricious layer. Instead, the 
braided reinforcing layer overlays the outer surface of the 
lubricious layer. As such, the braided reinforcing layer does 
not share the same space as the inner lubricious layer, 
thereby adding to the overall thickness of the catheter Wall. 
Finally, because three separate layers must be assembled to 
form the catheter, the manufacturing costs may be relatively 
high. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides a reinforced cath 
eter shaft that may have a reduced Wall thickness and/or 
loWer manufacturing cost than the prior art. This is prefer 
ably achieved by eliminating or reducing the thickness of the 
inner lubricious layer and/or alloWing the reinforcing layer 
to share the same space as the inner lubricious layer. In one 
illustrative embodiment, the inner lubricious layer is 
removed altogether, and an inner tubular formed braid 
member de?nes the inner lumen of the catheter shaft. In 
another illustrative embodiment, the inner lubricious layer 
and the reinforcing layer are effectively combined to form a 
reinforcing member. This is accomplished by, for example, 
coating the Wires used to form the reinforcing member With 
a lubricious polymer such as polytetra?uoroethylene (PTFE) 
or per?uoroalkoxy (PFA) to ?rst form coated Wire. When 
these coated Wires are Wound or braided on a mandrel to 

form the tubular reinforcing member, the inner surface of the 
reinforcing member includes the lubricious polymer 
exposed to the inner lumen and forming the lumen Wall. 
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[0010] To provide a smooth inner surface on the lumen 
Wall, the braided or Wound reinforcing member may ?rst be 
disposed on a mandrel that has a relatively smooth outer 
surface. Heat and/or pressure may then be used to cause the 
lubricious polymer that coats the core Wires of the reinforc 
ing member to conform to the outer surface of the mandrel. 

[0011] If a non-thermoplastic polymer such as PTFE is 
used to coat the core Wires, signi?cant heat and pressure may 
be required to induce the non-thermoplastic polymer to 
conform to the outer surface of the mandrel. In such a case, 
the mandrel may be metallic, and more speci?cally, may be 
copper or copper coated With silver. If a thermoplastic 
polymer such as a per?uoroalkoxy polymer (PFA or MFA) 
is used to coat the core Wires of the reinforcing member, less 
heat may be required to induce the thermoplastic polymer to 
How and conform to the smooth outer surface of the man 
drel. Accordingly, the mandrel may be made from a polymer, 
such as acetyl polymer. In this latter case, the cost of the 
mandrel may be signi?cantly reduced relative to a copper or 
silver coated copper mandrel. In either case, an outer layer 
is preferably extruded over the reinforcing member to pro 
vide additional support to the catheter shaft and to provide 
a smooth outer surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The invention Will be further described With refer 
ence to the accompanying draWings Where like numbers 
refer to like parts in several vieWs and Wherein: 

[0013] FIG. 1 is a partial cross-sectional side vieW of an 
illustrative catheter shaft in accordance With the present 
invention; 
[0014] FIG. 2 is a cross-sectional side vieW of an illus 
trative strand used in forming the reinforcing member of 
FIG. 1; 

[0015] FIG. 3 is a partial cross-sectional side vieW of a 
reinforcing member passing through a heated die; 

[0016] FIG. 4 is a partial cross-sectional side vieW of an 
extruder extruding an outer layer over an illustrative rein 
forcing member; 
[0017] FIG. 5 is a partial cross-sectional side vieW of a 
reinforcing member enclosed in a heated die; and 

[0018] FIG. 6 is a partial cross-sectional side vieW of the 
reinforcing member of FIG. 5 after the heat and pressure are 
removed. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0019] FIG. 1 is a partial cross-sectional side vieW of an 
illustrative catheter shaft in accordance With the present 
invention. The catheter shaft is generally shoWn at 10, and 
includes an inner tubular reinforcing member 12 surrounded 
by an outer layer 14. The inner tubular reinforcing member 
12 is preferably formed from one or more strands 16 that are 
Wound or braided around a mandrel 18. The outer diameter 
of the mandrel 18 is siZed to correspond to the desired inner 
diameter of the inner lumen of the catheter shaft 10. When 
the mandrel 18 is removed, the inner tubular reinforcing 
member 12 de?nes the inner lumen of the catheter shaft 10. 

[0020] The strands 16 of the reinforcing member can be 
Wound in any pattern including a coil or braid pattern. A 
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braid pattern is shoWn in the partial cut-aWay region 20 of 
FIG. 1. When a braid pattern is provided, it is contemplated 
that the braid angle may be adjusted to provide the desired 
?exibility to the shaft 10, and may be varied along the length 
of the shaft 10. In one embodiment, each strand of the braid 
or coil is a Wire, such as a stainless steel Wire. 

[0021] Once the inner tubular reinforcing member 12 is 
formed around the mandrel 18, outer layer 14 is provided. 
The outer layer 14 is preferably extruded over the outer 
surface of the inner tubular reinforcing member 12. In some 
embodiments, it may be desirable to prevent the outer layer 
14 from ?oWing through the inner tubular reinforcing mem 
ber 12, and to the mandrel 18. In these embodiments, a tight 
braid pattern may be used When forming the inner tubular 
reinforcing member 12. Once the outer layer 14 is provided, 
the mandrel 18 is removed, leaving a holloW catheter shaft 
10. The outer layer 14 is preferably formed from polyester, 
polyether block amide, nylon, or some other thermoplastic 
polymer. 
[0022] When additional lubricity is desired in the inner 
lumen of the catheter shaft 10, each strand of the braid or 
coil may be a composite of an inner core Wire 24 that is 
coated With a polymer 26, such as shoWn in FIG. 2. The 
polymer 26 may be used to increase the lubricity of the inner 
surface of the inner lumen of the catheter shaft 10. As such, 
the polymer 26 may be a lubricious polymer such as 
polytetra?uoroethylene (PTFE) or per?uoroalkoxy (PFA or 
MFA). PFA and MFA, both per?uoroalkoxy polymers, are 
available from Ausimont, S.P.A. UtiliZing the above-de 
scribed method of manufacture, When the mandrel 18 is 
removed, the Wound or braided polymer coated core Wire 24 
de?nes the inner lumen of the catheter shaft 10. The polymer 
coating, as braided or Wound, is exposed and Will contact a 
device passed through the lumen, thus providing a lubricious 
surface Which has a surface contour de?ned by the braid or 
coil pattern. Alternatively, or in addition to, the polymer 26 
may be used to provide a smooth inner surface to the inner 
lumen by modifying the above method, as further described 
beloW. 

[0023] FIG. 3 is a partial cross-sectional side vieW of a 
reinforcing member 30 that is being passed through a heated 
die 40. The reinforcing member 30 includes one or more 
strands 32 Wound in a coil or braid pattern, as described 
above. Each strand 32 is shoWn having an inner core 34 
made from stainless steel or the like With a thermoplastic 
polymer coating 36. The thermoplastic polymer coating 36 
is preferably formed from a lubricious thermoplastic poly 
mer such as a per?uoroalkoxy polymer. For applications 
Where lubricity is not necessary, as in some diagnostic 
applications, any suitable thermoplastic polymer could be 
utiliZed. 

[0024] To provide a relatively smooth inner surface to the 
catheter shaft, the reinforcing member 30 is Wound or 
braided on a mandrel 38, Which has a relatively smooth outer 
surface. The reinforcing member 30, along With the mandrel 
38, is then passed through heated die 40. The heated die 40 
causes the thermoplastic polymer 36 to conform to the outer 
surface of the mandrel 38 and the inner surface of the heated 
die 40. The thermoplastic polymer 36 also tends to ?ll the 
interstitial sites betWeen the Windings of the braid or coil 
pattern. Accordingly, a thin-Walled inner liner that is impreg 
nated With the core Wire Windings is provided along the 
length of the catheter shaft. 
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[0025] The heat required to How many thermoplastic 
polymers can be relatively loW. As such, the mandrel 38 
need only be made from a material that has a How tempera 
ture that is higher than the How temperature of the thermo 
plastic polymer 36 used to coat the core Wires 34 of each 
strand of the reinforcing member. When the thermoplastic 
polymer of each strand is a per?uoroalkoxy polymer, for 
example, the mandrel may be made from an acetyl polymer. 
By using a polymer mandrel, rather than a copper or silver 
coated copper mandrel, the cost of the mandrel may be 
signi?cantly reduced. In any event, an outer layer (not 
shoWn) is preferably extruded over the reinforcement mem 
ber 30. 

[0026] In another embodiment, the heat of the extrusion 
process of the outer layer is used to cause the thermoplastic 
polymer of the reinforcement layer to conform to the outer 
surface of the mandrel. Thus, a heated die may not be 
required. Such an embodiment is shoWn in FIG. 4. A 
reinforcement member 50 is provided over a mandrel, as 
described above With respect to FIG. 3. Then, an outer layer 
52 is extruded over the reinforcement member 50 using 
extruder head 54. During the extrusion process, signi?cant 
heat can be generated in the reinforcement member. Because 
the heat required to How many thermoplastic polymers can 
be relatively loW, it is contemplated that the heat from the 
extrusion process of the outer layer 52 may be suf?cient to 
How the thermoplastic polymer on the core Wires of the 
reinforcing member 50. 

[0027] In some embodiments, it may be desirable to use a 
non-thermoplastic polymer such as PTFE to coat the core 
Wires of the strands of the reinforcing member. Such non 
thermoplastic polymers do not readily ?oW When subject to 
heat. For PTFE, both heat and pressure may be required to 
change the shape of the polymer, but even then, the PTFE 
may not How like a thermoplastic polymer. 

[0028] FIG. 5 is a partial cross-sectional side vieW of a 
heated die 60 applying heat and pressure to an illustrative 
reinforcing member 62. In this illustrative embodiment, each 
strand of the reinforcing member 62 has a core Wire 64 
formed from stainless steel or the like, Which is coated With 
a non-thermoplastic polymer 66 such as PTFE. Like above, 
the reinforcing member 62 is preferably Wound around a 
mandrel 68, as shoWn. Because of the relatively high heat 
and pressure required to change the shape of the PTFE 
polymer, the mandrel is preferably made from copper or 
silver coated copper. Other suitable mandrel materials can be 
used, for example, nylon coated stainless steel. 

[0029] To shape the non-thermoplastic polymer that coats 
the core Wires of the reinforcement member 62, a heated die 
60 is provided around at least a portion of the outer surface 
of the reinforcing member 62. The heated die 60 applies both 
heat and pressure to the reinforcing member 66. The heat 
and pressure may cause the non-thermoplastic polymer 66 to 
conform to the shape of the outside surface of the mandrel 
68 and the inside surface of the heated die 60. Once the 
non-thermoplastic polymer is properly formed, the result is 
a thin-Walled reinforced non-thermoplastic tube around the 
mandrel 68, as shoWn in FIG. 6. 

[0030] An outer layer (not shoWn) may then be extruded 
over the reinforcing member 62. To alloW the outer layer to 
properly adhere to the reinforcing member 62, it may be 
desirable to etch the outer surface of the reinforcing member 

May 13, 2004 

62. Once etched, the outer layer may be extruded over the 
reinforcing member 62. Again, the outer layer is preferably 
formed from polyester, polyether block amide, nylon or 
some other thermoplastic polymer. Once the outer layer is 
extruded, the mandrel 68 is removed. 

[0031] Although the present invention is described in 
terms of the preferred embodiment above, it should be noted 
that alterations and modi?cations of this invention Will be 
possible Without departing from the spirit and scope of this 
invention. 

What is claimed is: 
1. A catheter shaft having an inner lumen extending 

therethrough, comprising: 
an inner tubular braid member formed from one or more 

braided strands, the inner tubular braid member de?n 
ing at least part of the inner lumen of the catheter shaft; 
and 

an outer tubular member disposed over the inner tubular 
braid member. 

2. A catheter according to claim 1, Wherein selected 
strands include an elongated inner core coated With a 
polymer. 

3. A catheter according to claim 2, Wherein the inner core 
is formed from stainless steel. 

4. A catheter according to claim 2, Wherein the polymer is 
a lubricious polymer. 

5. A catheter according to claim 4, Wherein the polymer 
includes polytetra?uoroethylene (PTFE). 

6. A catheter according to claim 4, Wherein the polymer is 
a per?uoroalkoxy polymer. 

7. A catheter according to claim 1, Wherein the outer 
tubular member includes polyester. 

8. A catheter according to claim 7, Wherein the outer 
tubular member is extruded over the inner tubular braid 
member. 

9. A method for forming a catheter shaft, the method 
comprising the steps of: 

Winding one or more elongated strands around a mandrel, 
Wherein selected strands have an inner core coated by 
a polymer, the Wound elongated strands collectively 
forming an inner tubular reinforcing member; 

providing an outer tubular member over the inner tubular 
reinforcing member; and 

removing the mandrel. 
10. A method according to claim 9, Wherein the one or 

more elongated strands are Wound to form a braid. 
11. Amethod according to claim 9, Wherein the providing 

step includes the step of extruding a polymer over the inner 
tubular reinforcing member to form the outer tubular mem 
ber. 

12. A method according to claim 10, Wherein the braid is 
Wound in a pattern that substantially prevents the extruded 
polymer of the outer tubular member from ?oWing through 
the inner tubular reinforcing member to the mandrel. 

13. A method according to claim 9, Wherein the one or 
more elongated strands are Wound to form a coil. 

14. A method according to claim 9, Wherein the inner core 
of selected strands is stainless steel. 

15. A method according to claim 9, Wherein the polymer 
encasing the inner core of selected strands is a lubricious 
polymer. 
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16. A method according to claim 15, wherein the lubri 
cious polymer is polytetra?uoroethylene (PTFE). 

17. A method according to claim 16, Wherein the mandrel 
comprises a copper core coated With silver. 

18. A method according to claim 16, further comprising 
the step of applying heat and pressure to the inner tubular 
reinforcing member before providing the outer tubular mem 
ber. 

19. Amethod according to claim 18, Wherein the applied 
heat and pressure is sufficient to cause the polytetra?uoro 
ethylene (PTFE) polymer that coats the inner core of 
selected strands to substantially conform to the shape of the 
mandrel. 

20. A method according to claim 15, Wherein the lubri 
cious polymer is a per?uoroalkoxy polymer. 

21. A method according to claim 20, Wherein the mandrel 
is formed from an acetyl polymer. 

22. A method according to claim 20, further comprising 
the step of applying heat to the inner tubular reinforcing 
member before providing the outer tubular member. 

23. Amethod according to claim 22, Wherein the applied 
heat is sufficient to cause the per?uoroalkoxy polymer that 
coats the inner core of selected strands to How and create a 
thin-Walled liner adjacent the mandrel. 

24. A method according to claim 22, Wherein the heat is 
provided by a heated die. 

25. A method according to claim 22, Wherein the provid 
ing step includes the step of extruding a polymer over the 
inner tubular reinforcing member to form the outer tubular 
member. 

26. A method according to claim 25, Wherein the heat is 
applied by the extrusion of the outer tubular member. 

27. Amethod according to claim 9, further comprising the 
step of etching an outer surface of the inner tubular rein 
forcing member before providing the outer layer. 
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28. A method for forming a catheter shaft, the method 
comprising the steps of: 

Winding one or more elongated strands around a mandrel 

having a relatively smooth outer surface, Wherein 
selected strands have an inner core coated by a poly 
mer, the Wound elongated strands collectively forming 
an inner tubular reinforcing member; 

applying heat to the inner tubular reinforcing member, 
Wherein the heat is sufficient to cause the polymer that 
coats the inner core of selected strands to conform to 

the relatively smooth outer surface of the mandrel; and 

removing the mandrel. 
29. A method according to claim 28, Wherein the heat 

applying step further includes the step of applying inWard 
pressure to the inner tubular reinforcing member toWard the 
mandrel. 

30. A method according to claim 28, further comprising 
the step of providing an outer tubular member over the inner 
tubular reinforcing member. 

31. A method according to claim 30, further comprising 
the step of etching the outer surface of the inner tubular 
reinforcing member before providing the outer tubular mem 
ber. 

32. A method according to claim 30, Wherein the outer 
tubular member is provided by extruding a polymer over the 
inner tubular reinforcing member. 

33. A method according to claim 32, Wherein the extrud 
ing step provides the heat for the heat applying step. 


