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(57) ABSTRACT 

A rapid exchange balloon catheter having a proximal end and 
a distal end, the catheter including a tubular metal shaft body 
extending from the proximal end along a majority of the total 
length and having an inflation lumen arranged therein, a plas 
tics distal end portion bonded to the metal body in extension 
thereof, the distal end portion being provided with an inflation 
lumen in communication with a balloon, and a guide wire 
lumen, the guide wire lumen extending from a proximal side 
port to a distal end opening. To reduce the resistance to 
kinking, the metal body includes a transitional region having 
reduced stiffness at the position of bonding to the plastics 
distal end portion compared to a more proximal position 
along the metal body. 
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RAPID EXCHANGE BALLOON CATHETER 
AND METHOD FOR MAKING SAME 

RELATED APPLICATIONS 

0001. This application is a division of U.S. application Ser. 
No. 12/093,034, which has a filing date under 35 U.S.C. 
S371 (c) of Sep. 11, 2008, which claims the benefit under 35 
U.S.C. S371 of International Application No. PCT/US2006/ 
044495, filed Nov. 16, 2006, which claims the benefit of U.S. 
Provisional Application Ser. No. 60/737,124, filed Nov. 16, 
2005. These references are incorporated herein in their 
entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates to a rapid exchange 
balloon catheter. 

BACKGROUND OF THE INVENTION 

0003 Catheters have found widespread use in medical 
procedures, such as percutaneous transluminal coronary 
angioplasty (PTCA) or for delivery of stents. Most catheters 
are guided to the application site by sliding the catheter along 
a guide wire, which has been carefully advanced and arranged 
within the patient. During advancement of the catheter along 
the guide wire, it is important to keep the guide wire steady. 
Ordinary catheters are guided to the application site in a 
patient by sliding the catheter along a guide wire extending all 
the way through a lumen of the catheter from the proximal 
end to the distal end thereof. To enable the physician to hold 
or manipulate the guide wire during advancement of the 
catheter along the guide wire, it is necessary to have an excess 
length of guide wire. The guide wire must hence have a length 
of about twice the length of the catheter, e.g. 3 m in total, 
which greatly impedes the procedure. An important sub-cat 
egory of catheters are catheters of the well-known so-called 
rapid exchange type, which greatly facilitate operation, espe 
cially exchange of catheters if it is found during a procedure 
that a different kind or size of catheter is needed for the 
specific purpose. In the rapid exchange catheter, the guide 
wire only passes through a minor part of the catheter at the 
distal end thereof, whereas along a majority of the catheter, 
the guide wire runs in parallel with the catheter. Hence it is not 
necessary to have an excess length of guide wire. However the 
rapid exchange catheter provides some challenges, especially 
with regard to resistance to kinking of the catheter. 
0004 An important feature of catheters is the transmission 
of force, the so-called push force, from the proximal end to 
the distal end of the catheter. This transmission significantly 
affects the physician's ability to direct the distal end of the 
catheter into a body lumen of a patient by manipulating the 
proximal end thereof. Another important feature of catheters 
is the flexibility of the distal end to bend and conform to the 
body lumen wall without causing any injury to the lumen 
wall. Hence catheters, especially of the rapid exchange type. 
are commonly manufactured of a metal proximal shaft por 
tion of relatively stiffness, and a relatively flexible plastics 
distal portion bonded to the metal shaft portion. An abrupt 
change of properties between the shaft portion and the distal 
portion however increases the risk of twist and kinking. 
Hence there is a need to provide a good transition between the 
relatively stiff proximal section to the relatively more flexible 
distal section to provide a sufficient resistance to twist and 
kinking while maintaining flexibility and ability to bend. 
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0005 U.S. Pat. No. 6,746,423 discloses a catheter with a 
reinforcing member at a rapid exchange junction. Although 
this construction has some effect on the kink resistance, it is 
somewhat difficult to manufacture and hence expensive. This 
is due to the fact that the construction introduces a separate 
element, namely a reinforcing member, which must be 
securely bonded to the catheter. The reinforcing member 
must be stocked and handled inevitably raising the cost, and 
further there is an increased risk of leakage from the catheter 
due to the extra joints, thereby raising the costs to skilled 
personnel and quality check. 
0006. It is hence an object of the invention to provide an 
alternative catheter with reduced risk of kinking. 

SUMMARY OF THE INVENTION 

0007. The present invention relates to a rapid exchange 
balloon catheter having a proximal end and a distal end, said 
catheter comprising: a tubular metal shaft body extending 
from the proximal end along a majority of the total length and 
having an inflation lumen arranged therein, a plastics distal 
end portion bonded to the metal body in extension thereof, 
said distal end portion being provided with an inflation lumen 
in communication with a balloon, and a guide wire lumen, 
said guide wire lumen extending from a proximal side port to 
a distal end opening. 
0008. The metal body comprises a transitional region hav 
ing reduced stiffness at the position of bonding to the plastics 
distal end portion compared to a more proximal position 
along the metal body. By providing a reduced stiffness tran 
sitional region in the metal body, there is avoided an abrupt 
junction from the relatively stiff metal body to the relatively 
flexible plastics distal end portion. Through the provision of 
an integral transitional region with reduced stiffness in the 
metal body, a separate reinforcing member is obviated, and 
the disadvantages associated therewith avoided. 
0009. According to an embodiment the stiffness is defined 
as bending stiffness, where said bending stiffness of the metal 
body at a proximal position is at least twice as high as the 
bending stiffness of the metal body at the distal end of the 
transitional region. Some effect may be provided with a tran 
sitional region having a bending stiffness which does not 
meet this requirement, but the effect is found to be less than 
optimum. 
I0010) The effect is more pronounced when the bending 
stiffness of the metal body at a proximal position is at least 
four times, preferably at least eight times as high as the 
bending stiffness of the metal body at the distal end of the 
transitional region. 
(0011. A catheter having very favourable properties in rela 
tion to kink resistance may be provided by a catheter wherein 
the bending stiffness of the metal body at a proximal position 
is at least twenty times as high as the bending stiffness of the 
metal body at the distal end of the transitional region. Hereby 
a very smooth transition between the relatively stiff metal 
body and the relatively flexible plastics portion is provided, 
and hence the risk of kinking is very low. 
I0012. The catheter may be made from any suitable metal 
material, such as stainless steel, which is a well-known and 
relatively low cost material. According to an embodiment, 
however, the metal body is at least partly made of a shape 
memory nickel-titanium alloy. Such nickel-titanium (Nitinol) 
alloys are Superelastic and are found to provide catheters 
having increased pushability and torquability in the narrow 
bends and curvature of the vascular system of a patient. 
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0013. According to an embodiment the transitional region 
has a length of 1 to 50 mm, preferably at least 5 mm and less 
than 25 mm, and preferably about 10 mm. As is evident to the 
skilled person, the chosen length of the transitional region is 
a compromise between contradictory requirements. A length 
of less than 1 mm would normally not be sufficient to provide 
a satisfactory transitional region as Such a short length will 
entail a relatively abrupt change of properties. Length in 
excess of 50 mm would normally not have any positive effect 
on the kink resistance, and may increase the cost of the 
catheter. A length of about 10 mm is found to provide a 
favourable compromise, but lengths of between 5 mm and 25 
mm is expected to provide good results, depending on the size 
of the catheter and the materials used. 
0014. The reduced stiffness of the transitional region may 
be accomplished in any Suitable way, and according to an 
embodiment the transitional region comprises weakenings, 
such as cut-outs, reduced wall thickness or the like. Such 
machining is relatively cheap and can be performed with e.g. 
laser cutting. A gradual transition can be achieved by careful 
choice of size and spacing of the weakenings. 
0015. According to an alternative or supplementary 
embodiment the transitional region has been Subject to heat 
treatment attemperatures of 300-600° C. for a period of 10s 
to 24 h, whereby the physical properties of the nitinol alloy is 
permanently altered, and inter alia the stiffness is reduced. 
Different alloys may respond differently to heat treatment, 
and the choice of temperature and processing period is a 
compromise between speed of manufacture, cost of the pro 
cess and the effect achieved. The skilled person would rec 
ognise that the process period should be chosen as short as 
possible, but a period of less than 10s will normally not be 
enough to change the physical properties of the alloy, even for 
diminutive objects, such as the end of a small diameter cath 
eter. On the other hand processing periods of more than 24 
hours increases the processing cost significantly, and should 
be avoided, and further longer processing times will normally 
not have any Substantial effect on the physical properties of 
relatively small objects like catheters. 
0016. Another aspect of the invention relates to a method 
for manufacturing a rapid exchange balloon catheter com 
prising the steps of providing a tubular metal shaft body with 
an inflation lumen arranged therein, providing a plastics distal 
end portion, said distal end portion being provided with an 
inflation lumen in communication with a balloon, and a guide 
wire lumen, said guide wire lumen extending from a side port 
to a distal end opening, Subjecting an end of the tubular metal 
shaft body to a processing step adapted to locally reduce the 
stiffness of an end region of the tubular metal shaft body to 
provide a transitional region, and bonding the plastics distal 
end portion onto said transitional region. Hereby a relatively 
low cost and consistent method for making a rapid exchange 
catheter is provided, whereby a high quality catheter with 
improved kink resistance can be manufactured. 
0017. According to an embodiment, the tubular metal 
shaft body is made of a superelastic alloy, and wherein the 
processing step involves heat treating the transitional region 
attemperatures of 300-600° C. for a period of 10s to 24 h. The 
heat treatment may be accomplished by dipping the transi 
tional region into a heated Salt bath. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018. In the following the invention will be described in 
more detail, by way of example only, and with reference to the 
drawing, in which 
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0019 
catheter, 
0020 FIG. 2 is a side view of a catheter according to the 
invention, and 
0021 FIG. 3 is an enlarged schematic view of FIG. 2 of a 
shaft portion with transitional region. 

FIG. 1 is a side view, partly in section, of a prior art 

DETAILED DESCRIPTION 

0022. A prior art rapid exchange catheter according to 
U.S. Pat. No. 6,746,423 as discussed above is seen in FIG.1. 
This prior art catheter 1' comprises a tubular metal shaft body 
2 extending from the proximal end along a majority of the 
total length and having an inflation lumen3' arranged therein. 
The catheter 1' further comprises a plastics distal end portion 
41 bonded to the metal body in extension thereof. The distal 
end portion 4' is provided with an inflation lumen 5' and a 
guide wire lumen 6', said guide wire lumen 6' extending from 
a proximal side port 7 to a distal end opening 8. The catheter 
1' further comprises a balloon 9' arranged at the distal end of 
the catheter. This prior art catheter 1" further incorporates a 
reinforcing member 10' in form of a tube bridging the region 
of junction between the metal body 2" and the plastics distal 
end portion 4'. 
0023. In FIG. 2 is shown a catheter according to the inven 
tion. This figure is somewhat distorted for illustration pur 
poses, as the total length of the catheter is about 140 cm. The 
catheter 11 has a proximal end 12 and a distal end 13. The 
catheter 11 comprises tubular metal shaft body 14 made of a 
nitinol alloy. An inflation lumen 15 is extending in the full 
length of the metal shaft body 14. A plastics distal end portion 
16 is attached to the end of the tubular metal shaft body 14 by 
bonding. The plastics distal end portion 16 comprises a side 
port 17 for a guide wire (not shown) at a proximal side of an 
inflatable balloon 18, so the guide wire may extend through 
the most distal part of the catheter to the distal end opening 19. 
0024 FIG. 3 is a schematic illustration of a part of the 
tubular metal shaft body 14 of the catheter in FIG. 2. As 
illustrated the tubular metal shaft body 14 comprises a main 
region 14a and a transitional region 14b, and the main region 
14a and the transitional region 14b are integral. However the 
bending stiffness of the transitional region 14b is Substan 
tially lower than the bending stiffness of the main region 14a. 
In the embodiment the tubular metal shaft body 14 is made of 
a nitinol alloy. The bending stiffness may be defined as the 
resistance to bending when a beam is subjected to a load in 
transverse direction. As an example one tubular metal shaft 
body having high bending stiffness may deflect by e.g. 5 mm 
when a 20 N force is applied at the end of the shaft body in a 
direction at right angles to the longitudinal direction of the 
shaft, whereas a similar tubular metal shaft body relatively 
having low bending stiffness may deflect 20 mm in response 
to the same load. 

0025. A prototype of the catheter according to the inven 
tion used Nitinol SE508 tubing available from NDC (Nitinol 
Devices & Components). The composition of this particular 
nickel-titanium alloy (in weight percent) is as follows: Nickel 
(nominal): 55.8%. Titanium: balance, Oxygen (max): 0.05%, 
Carbon (max): 0.02%. The properties of nitinol alloys are 
dependent on processing history and ambient temperature, 
and for example Modulus of Elasticity of this alloy is given as 
an interval of 41-75x10 MPa. The delivered tubes had an 
outer diameter of 0.25 mm and an inner diameter of approx 
0.20 mm. The tubes delivered from NDC had an overall 
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transition temperature below 18°C. The tubes were cut to 
have a length of 10.00 cm and divided in first part (5.0 cm) and 
a second part (5.0 cm). 
0026 Nickel-titanium alloys, such as nitinol, are known to 
possess special properties, e.g. shape memory and Superellas 
tic properties. Nitinol is capable of reversible thermoelastic 
transformation due to phase transition. 
0027. The second part was subjected to the following ther 
mal treatment (performed by ADMEDES Schuessler, Ger 
many): the second part was placed in a salt bath heated to 
540-550° C. for approximately 20 hours, while the first part 
was kept cool as close to room temperature as possible. After 
the thermal treatment, the second part of the nitinol tubes had 
a transition temperature in the range of about 28-32°C. Thus, 
above 32°C. the second part of the tubes was in an austenitic 
phase with a relatively high bending stiffness. Below 28°C. 
the second part of the tubes was in a Martensitic phase with a 
significantly lower bending stiffness. The first part of the 
tubes maintained a transition temperature below 18°C. and 
appeared rather stiff. 
0028. Shorter or longer periods may be used as may higher 
or lower temperatures, depending on the material being heat 
treated and the desired properties of the material. With the 
above material, the range of parameters should be approxi 
mately 520-600° C. and 30 minutes to 24 hours. 
0029. By locally heat treating regions of the metal body, it 

is possible to produce a metal body with spatial variations in 
physical properties, such as elasticity and stiffness of the 
metal body. Depending on the extent of the heat treatment, the 
metal material may simply have a reduced stiffness in the 
locally treated region or the superelasticity of the locally 
treated portion may be destroyed, so this region is plastically 
deformable. 

0030. By the local heat treatment of the Superelastic alloy, 
the Modulus of Elasticity (i.e. the stress-strain behaviour of 
the material or stiffness) of different regions can be different 
due to different phases of the alloy, e.g. Austenitic phase or 
Martensitic phase. Hence in one region the alloy may exhibit 
Superelastic properties (highly flexible), whereas in another 
region the alloy may exhibit plastic properties. The Modulus 
of Elasticity (or stiffness) of the two regions would be differ 
ent and hence the stress-strain behaviour would be different. 

0031. According to an embodiment the tubular metal shaft 
body 14 made of nitinol is subjected to a localized heat 
treatment to provide a transitional region 14b having reduced 
stiffness. This localized heat treatment may be accomplished 
by any suitable method, such as dipping into a hot salt bath as 
mentioned above. Alternative methods include electrical 
resistance heating, laserheating, using a jet of hot inert gas, or 
using an induction coil to heat the desired portion to provide 
a transitional region. 
0032 Suitable materials for the plastics distal end portion 
include for example various synthetic polymer materials, 
polyimid, polyamid etc., and other materials as will be evi 
dent to the skilled person. 
0033. The inner diameter of the proximal end of the plas 

tics distal end portion could be chosen to be slightly larger 
than the outer diameter of the tubular metal body shaft distal 
end, so the plastics distal end portion can be slid onto the 
tubular metal body shaft and bonded thereto. Bonding may be 
accomplished by a Suitable type of glue or by thermal bonding 
of the plastics distal end portion to the metal body, such as by 
using a laser. 
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1. A method for manufacturing a rapid exchange balloon 
catheter comprising the steps of: 

providing a tubular metal shaft body with an inflation 
lumen arranged therein; 

providing a plastics distal end portion, the distal end por 
tion being provided with an inflation lumen in commu 
nication with a balloon, and a guide wire lumen, the 
guide wire lumen extending from a side port to a distal 
end opening: 

subjecting an end of the tubular metal shaft body to a 
processing step adapted to locally reduce the stiffness of 
an end region of the tubular metal shaft body to provide 
a transitional region; and 

bonding the plastics distal end portion onto the transitional 
region. 

2. The method according to claim 1, wherein prior to the 
processing step any one or any combination of the composi 
tion, shape and dimension of the tubular metal shaft body is 
Substantially unchanging along its length. 

3. The method according to claim 1, wherein the tubular 
metal shaft body is made of a Superelastic alloy, and wherein 
the processing step involves heat treating the transitional 
region at temperatures of 300-600° C. for a period of 10 
seconds to 24 hours. 

4. The method according to claim 1, wherein the process 
ing step comprises heat treating the transitional region at 
temperatures of about 540-550° C. for about 20 hours. 

5. The method according to claim 1, wherein the process 
ing step comprises heat treating the transitional region at 
temperatures of about 520-600° C. for about 30 minutes to 24 
hours. 

6. The method according to claim 1, comprising maintain 
ing a region of the tubular metal shaft body other than the 
transitional region at about room temperature during the pro 
cessing step. 

7. The method according to claim 1, wherein the process 
ing step comprises heat treatment comprising dipping the 
transitional region into a heated Salt bath. 

8. The method according to claim 1, wherein the process 
ing step comprises heat treatment comprising electrical resis 
tance heating, laserheating, using a jet of hot inert gas, using 
an induction coil or combinations thereof. 

9. The method according to claim 1, comprising providing 
the plastics portion having an inner diameter that is larger 
than an outer diameter of the tubular metal body and sliding 
the plastics portion onto the tubular metal portion before 
bonding thereto. 

10. The method according to claim 1, wherein bonding the 
plastics distal end portion onto the transitional region com 
prises gluing. 

11. The method according to claim 1, wherein bonding the 
plastics distal end portion onto the transitional region com 
prises thermal bonding. 

12. The method according to claim 1, wherein the process 
ing step provides the transitional region having a bending 
stiffness, wherein a bending stiffness of the metal body at a 
proximal position is at least twice as high as a bending stiff 
ness of the metal body at the distal end of the transitional 
region. 

13. The method according to claim 1, wherein the process 
ing step provides the transitional region having a bending 
stiffness, wherein a bending stiffness of the metal body at a 
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proximal position is at least four times as high as a bending 
stiffness of the metal body at the distal end of the transitional 
region. 

14. The method according to claim 1, wherein the process 
ing step provides the transitional region having a bending 
stiffness, wherein a bending stiffness of the metal body at a 
proximal position is at least eight times as high as a bending 
stiffness of the metal body at the distal end of the transitional 
region. 

15. The method according to claim 1, wherein the process 
ing step provides the transitional region having a bending 
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stiffness, wherein a bending stiffness of the metal body at a 
proximal position is at least twenty times as high as a bending 
stiffness of the metal body at the distal end of the transitional 
region. 

16. The method according to claim 1, further comprising 
providing weakenings in the transitional region. 

17. The method according to claim 1, further comprising 
providing cutouts in the transitional region. 

18. The method according to claim 1, further comprising 
providing a reduced wall thickness in the transitional region. 
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