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T R WITH REINFOR BLONG TRANSVER 1

BACKGROUND OF THE INVENTION

This invention relates to the field of intravascular catheters
and, more particularly, to a dilatation catheter for percutaneous
transluminal coronary angioplasty (PTCA).

In PTCA procedures a guiding catheter having a preformed
distal tip is percutaneously introduced into the patient’s femoral artery by
means of a conventional Seldinger technique and retrogradely advanced
until the distal portion of the guiding catheter is located within the
patient’s ascending aorta with distal tip of the guiding catheter seated in
the ostium of a desired coronary artery. The proximal end of the guiding
catheter is torqued from outside the patient to guide distal tip of the
guiding catheter into the desired ostium. A guidewire is positioned within
an inner lumen of an dilatation catheter and then both are advanced
through the guiding catheter to its distal end. The guidewire is first
advanced out of the distal end of the guiding catheter into the patient’s
coronary artery until the distal end of the guidewire crosses a lesion to be
dilated. Then the dilatation catheter, having an inflatable balioon on the
distal portion thereof, is advanced into the patient’s coronary anatomy
over the previously introduced guidewire until the balloon of the dilatation
catheter is properly positioned across the lesion. Once properly
positioned, the dilatation balloon is inflated with liquid one or more times
to a predetermined size at relatively high pressures 10 expand the arterial
passageway. Generally, the inflated diameter of the balloon is
approximately the same diameter as the native diameter of the body
lumen being ditated so as to complete the dilatation but not overexpand

the healthy artery wall on either side of the stenosis. After the balloon is
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finally deflated, blood flow resumes through the dilated artery and the di-
latation catheter can be removed therefrom.

Commercially available over-the-wire dilatation catheters for
angioplasty and other vascular procedures usually comprise an elongated
shaft with an inflatable dilatation member on a distal section of the shaft
and an adapter on the proximal end of the shaft for the delivery of
inflation fluid through an inner lumen extending through the catheter shaft
to the interior of the inflatable dilatation member.

Over-the-wire dilatation catheters generally have relatively
stiff proximal sections to provide pushability to the catheter shaft and
relatively flexible distal sections to facilitate passing through tortuous
coronary anatomy. The difference in mechanical property requirements
between the proximal and distal sections of the catheter shaft usually
requires the use of different materials, which in turn complicates the
catheter manufacturing because the proximal and distal sections must be
separately made and then secured together by heat or fusion bonding or a
suitable adhesive. The difference in mechanical properties between the
proximal and distal shaft sections also increases the difficuity in forming a
smooth transition between the proximal and distal sections of the
catheter shatft.

What has been needed is an easily manufactured dilatation
catheter which has a relatively stiff proximal section for pushability, a
very flexible distal section to facilitate advancement over a guidewire, i.e.
trackability, within a patient’s coronary anatomy and a smooth transition
between the proximal and distal sections. The dilatation catheter of the

present invention responds to these and other needs.

SUMMARY_OF THE INVENTION
This invention is directed to a dilatation catheter for
performing an angioplasty procedure which has an elongated shaft with
an oblong transverse cross-sectional shape along a substantial portion of
its length.
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The portion of the catheter shaft with an oblong transverse
cross-section extends along a substantial length of the catheter shaft and
preferably at least from a location in the proximal section of the catheter
shaft to a location in the distal section of the catheter shaft. The catheter
has an inflation lumen extending from the proximal end of the shaft to a
location in the distal shaft section of the catheter shaft prdximal to the
distal end and in fluid communication with an inflatable dilatation member
on the distal shaft section, and a guidewire lumen extending therein to a
port in the distal end of the shaft. The catheter shaft is provided with a
stiffening or reinforcing mandrel!, preferably within the inflation lumen,
which extends within the portion of the catheter shaft having an oblong
transverse cross-section. The mandrel may be disposed within the
polymer material forming the catheter shaft and not within the infiation
lumen. The stiffening mandrel preferably has a relatively stiff proximal
section and a relatively flexible distal section. The length of the proximal
section of the mandrel should be less than the length of the proximal
section of the catheter shaft so that the junction between the relatively
stiff proximal section of the mandrel and the relatively flexible distal
section of the mandrel is located at least partially within the proximal
shaft section of the catheter to provide a smooth transition between the
proximal and distal sections of the catheter shaft. If the mandrel is made
entirely of the same material, the proximal section should have larger
transverse dimensions than the distal section and a tapered transition
region should be provided between the proximal and distal sections. In a
presently preferred embodiment, the proximal end of the mandrel is
secured to an adapter mounted on the proximal end of the catheter shaft
to fix the position within the catheter. The distal end of the mandrel is
free, i.e. is not secured within the inflation lumen, and should be located
at or proximal to the proximal end of the inflatable dilatation member.
The mandrel may be provided with a plurality of sequential sections with
transverse dimensions decreasing in the distal direction, preferably with

tapered transition sections between the mandrel sections.
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The portion of the catheter shaft which has an oblong
transverse cross-sectional shape has a large transverse dimension about
1.1 to about 3 times, preferably about 1.2 to about 2.5 times, greater
than a small transverse dimension perpendicular to the larger dimension.
For dilatation catheters suitable for coronary arteries, the differential
between the large and small transverse dimensions is at least about
0.003 inch (0.076 mm) and for dilatation catheters for peripheral use the
differential should be at least about 0.005 inch (0.127 mm). The
transverse cross-sectional dimensions of the catheter shaft may be
decreased along the length of the shaft to provide a more flexible distal
shaft section, but the differential requirements between the large and
small transverse dimensions should still be followed. In one presently
preferred embodiment the proximal catheter shaft is essentially elliptical or
oval shaped in the transverse direction and the distal section slightly
oviform. However, the entire length of the catheter shaft to a location
proximal to the balloon may have the same oblong shape such as elliptical
or oval. Further details and the advantages of an oblong transverse
cross-sectional shape of the catheter shaft are found in co-pending
application Serial No. 08/250,708, filed on May 27, 1994, which is
incorporated herein in its entirety

A major advantage of the present invention is that essentially
the entire catheter shaft can be extruded in a unitary fashion, thus
significantly reducing the manufacturing costs thereof. The stiffening
mandre! supports the proximal section which might otherwise be too
flexible and provides extra pushability to the distal section with little or no
loss in flexibility.

The improvements of the invention are applicable to a wide
range of dilatation catheters with inflatable or expandable dilatation
members on their distal extremities, such as those described in the
patents incorporated herein by reference. These and other advantages of

the invention will become more apparent from the following detailed
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description of the invention, when taken in conjunction with

accompanying exemplary drawings.

E RIP N OF RAWIN

Fig. 1 is an elevational view, partially in section, of a
dilatation catheter embodying features of the invention.

Fig. 2 is a transverse cross-sectional view of the catheter
shown in Fig. 1 taken along the lines 2-2.

Fig. 3 is a transverse cross-sectional view of the catheter
shown in Fig. 1 taken along the lines 3-3.

Fig. 4 is a transverse cross-sectional view of the catheter
shown in Fig. 1 taken along the lines 4-4.

Fig. 5 is an enlarged elevation view, partially in section of
the proximal extremity of the catheter shown in Fig. 1.

DETAILED DESCRIPTION OF THE INVENTION

Figs. 1-5 schematically illustrate an over-the-wire dilatation
catheter 10 embodying features of the invention. The catheter 10
includes an elongated catheter shaft 11 which has a proximal shaft
section 12 and a distal shaft section 13 with smaller transverse and
longitudinal dimensions than the proximal section, a dilatation balloon 14
mounted on the distal shaft section and a multiarm adapter 15 mounted
on the proximal end of the proximal shaft section. The balloon 14 has a
distal skirt 16 which is sealingly secured to the distal end of the distal
shaft extension 17 which passes through the interior of the balloon. The
proximal skirt 18 of the balloon 14 is secured to the exterior of distal
shaft section 13. A tapered transition shaft section 19 is provided
between the proximal shaft section 12 and the distal shaft section 13.
The catheter shaft 11 has an inflation lumen 20 which extends from the
proximal end thereof to a location in the distal shaft section 13 in
communication with the interior of the balloon 14. A guidewire receiving

lumen 21 is longitudinally disposed within the catheter shaft 11 parallel
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but off-set from the inflation lumen. It extends to the guidewire port 22
in the distal end of the distal shaft extension 17.

A stiffening or reinforcing mandrel 23 is disposed within the
inflation lumen 20 having a larger dimensioned proximal section 24 and a
smaller dimensioned distal section 25 with a tapered transition section 26
between the proximal and distal sections. The transition mandrel/section
26 is preferably located within the proximal shaft section 12 as indicated
to provide a smooth transition between the proximal and distal shaft
sections to the catheter shaft 11. A best shown in Fig. 5, the proximal
end of the mandrel 23 is secured by suitable means such as an adhesive
within the body 27 of the adapter 15. The mandrel 23 extends to a
location just proximal to the balloon 14 and the distal tip thereof is free,
i.e. unattached.

The use of the dilatation catheter shown in Figs. 1-5
generally follows conventional PTCA practices with over-the-wire type
dilatation catheters. A guidewire 28 is backloaded into the inner lumen
21 of the catheter shaft 11 and both the guidewire and the catheter 10
are advanced together through a guiding catheter (not shown) which has
been previously disposed within the patient’s arterial system.
Alternatively, the guidewire 28 may be introduced into lumen 21 through
the central arm 29 of adapter 15. The distal end of the guiding catheter
is seated within the ostium of the coronary artery targeted for treatment,
so that, when the dilatation catheter-guidewire assembly is advanced
through the guiding catheter, the dilatation catheter exits directly into the
desired coronary artery. The guidewire 28 is usually advanced into the
patient’s coronary anatomy until it crosses the lesion to be dilated, and
then the dilatation catheter 10 is advanced over the guidewire until the
balloon 14 on the dilatation catheter is properly disposed within the
stenotic region of the patient’s coronary artery, so that the lesion will be
dilated upon the inflation of the balloon. After the dilatation, the balloon
14 is deflated and the catheter 10 and the guidewire 28 may then be

withdrawn from the patient. If further treatment or diagnosis is to be
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conducted, the guidewire 28 can be replaced with an exchange wire
before removing the dilatation catheter so that the first catheter can be
removed and another advanced into the desired location or an extension
wire can be attached to the proximal end of the guidewire in place which
extends out of the patient to perform essentially the same function. A
more detailed discussion of the use cf exchange wires and extension
wires may be found in U.S. Patent 4,827,941 (Taylor et a/.) which has
been incorporated herein by reference.

The various components of the catheters and guidewires of
the invention can be formed from a wide variety of conventional
materials. The catheter shaft may be made by extruding polymeric
materials such as polyethylene, polyvinyl chloride, nylon, a polyester such
a Hytrel® (which is available from DuPont), polyetheretherketone (e.g.
Grade 381G from Victrex, U.S.A.) and other suitable polymeric materials.
The balloon may be made from polyethylene, polyethylene terephthalate
and other relatively inelastic polymers and other materials.

The dimensions of the catheter of the present invention
generally follow the dimensions of conventional intravascular catheters.
For coronary use the length, excluding the adapter, is typically about 135
cm and the maximum outer dimension of the catheter shaft is about 0.02
to about 0.06 inch (0.51-1.52mm). The transverse shape of the catheter
shaft may be varied. For example, in one presently preferred embodiment
the proximal shaft section may have an elliptical or oval shaped
transverse cross-section and the distal shaft section may have a slightly
oviform shaped transverse cross-section which allows the dimensions of
the inflation lumen to be reduced as the dimensions of the mandrel are
reduced. In other embodiments the shape of the transverse cross-section
may be the same along the length of the catheter shaft up to the balloon.
The transverse dimensions of the distal shaft section may be smaller than
the transverse dimensions of the proximal shaft section.

The transverse dimensions of the mandrel to a great extent

depend upon the strength of the material from which the mandrel is
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made. Additionally, when the mandrel is disposed within the inflation
lumen, the transverse dimensions of the mandrel should be chosen so as
to not reduce the effective transverse cross-section of the inflation lumen
which may provide excessively long inflation or deflation times. With
presently preformed mandrel made of stainless steel, the proximal section
typically has a diameter of about 0.01 to about 0.015 inch and the distal
section a diameter of about 0.004 to about 0.009 inch. The length of the
distal section of the mandrel is about 10 to about 40 cm, the transition
section about 0.25 to about 10 cm and the proximal section about 80 to
about 130 cm. Typical mandrel dimensions would be an overall length of
135 cm, a proximal section length of 112.5 cm, a distal section length of
22 cm and a transition section length of about 0.5 cm, with a proximal
diameter of about 0.013 inch and a distal diameter of about 0.007 inch.
The mandrel may be made of stainless steel, pseudoelastic nickel-titanium
alloys, a high strength cobalt-nickel alloy such as MP35N which is
available from Carpenter Technology Corporation and which has a
nominal composition of about 35% Co, about 35% Ni, about 20% Cr and
about 10% Mo and other suitable materials.

While the invention has been described herein primarily in terms of
certain preferred embodiments, those skilled in the art will recognize that
various modifications and improvements may be made without departing
from the scope of the invention.
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WHAT IS CLAIMED IS:

1. A dilatation catheter for performing an angioplasty
procedure, comprising:

a) an elongated catheter shaft having proximal and distal

5 ends, an oblong transverse cross-section along a substantial
portion of its length, a proximal shaft section, a distal shaft section,
guidewire port in the distal end, a guidewire receiving inner lumen
extending therein to the guidewire port in the distal end and an
inflation lumen extending therein to a location spaced proximally of

10 the distal end of the catheter shaft;

b) an inflatable dilatation member mounted on the distal
catheter shaft section proximal to the distal end of the catheter
shaft which has an interior in fluid communication with inflation
lumen; and

15 c) an elongated mandrel disposed within the proximal

shaft section and the distal shaft section.

2. The dilatation catheter of claim 1 wherein the mandrel has a

relatively stiff proximal section and a relatively flexible distal section.

3. The dilatation catheter of claim 2 wherein the distal mandrel
20 section has at least one transverse dimension smaller than a

corresponding transverse dimension of the proximal mandrel section.

4, The dilatation catheter of claim 2 wherein the distal mandrel
section extends within the inflation lumen from a location within the
proximal catheter shaft section to a location within the distal shaft section

25 spaced proximally from the distal end of the shaft.
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5. The dilatation catheter of claim 4 wherein the longitudinal
location of the mandrel within the inflation lumen in the catheter shaft is

fixed.

6. The dilatation catheter of claim 5 wherein the catheter has
5 an adapter mounted on the proximal end of the catheter shaft and the
mandrel has a proximal end secured within the adapter to fix the

longitudinal location of the mandrel within the inflation lumen.

7. The dilatation catheter of claim 2 wherein the distal mandrel
section is about 10 to about 40 cm in length.

10 8. The dilatation catheter of claim 1 wherein the distal catheter
shaft section has at least one transverse dimension which is smaller than

a corresponding transverse dimension of the proximal catheter shaft

section.
9. The dilatation catheter of claim 1 wherein the distal catheter
15 shaft section proximal to the inflatable dilatation member is about 10 to

about 40 in length.

10. The dilatation catheter claim 1 wherein the proximal section

of the mandrel is longer than the distal section thereof.

11. The dilatation catheter of claim 10 wherein the mandrei has
20 a tapered section between the proximal and distal sections to provide a
smooth transition therebetween.

12. The dilatation catheter of claim 11 wherein the proximal
section of the mandrel is sufficiently shorter than the proximal section of
the catheter shaft so that the transition section of the mandrel is located

25 within the proximal section of the catheter shaft.

10
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13. The dilatation catheter of claim 1 wherein the oblong
transverse cross-section of the catheter shaft has a long dimension and a
short dimension perpendicular to the long dimension, with the short

dimension being about 30 to about 70% of the long dimension.

5 14. The dilatation catheter of claim 1 wherein the catheter shaft

is a unitary extrusion of polymer material.

15. The dilatation catheter of claim 1 wherein the distal section

of the catheter shaft has an oviform transverse cross-sectional shape.

16. The dilation catheter of claim 1 wherein the proximal section

10 of the catheter shaft has an elliptical transverse cross-sectional shape.

17. The dilatation catheter of claim 1 wherein the proximal section

of the catheter shaft has an oval transverse cross-sectional shape.

11
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