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Description

FIELD OF THE INVENTION

[0001] The present invention relates to catheters hav-
ing at least a guide wire lumen and a delivery lumen.

BACKGROUND OF THE INVENTION

[0002] A variety of different therapies can be delivered
within the human body by catheter devices. Therapeutic
devices such as dilatation balloons, stents, and embolic
filters, and therapeutic agents such as drugs and radia-
tion sources, may be positioned at or near the distal end
of the catheter for delivery to a desired site within the
body.
[0003] The prior art discloses numerous examples of
intravascular catheters. Such catheters have found par-
ticular utility for procedures such as angioplasty and stent
deployment. Of particular interest recently is improving
catheters for use in percutaneous transluminal coronary
angioplasty (PTCA) procedures. In typical PTCA proce-
dures a guiding catheter is advanced in the patient’s vas-
culature until the distal tip of the guiding catheter is seated
in the ostium of a desired coronary artery. A guide wire
is first advanced out of the distal end of the guiding cath-
eter into the patient’s coronary artery until the distal end
of the guide wire crosses a lesion to be dilated. A dilata-
tion catheter, having an inflatable balloon on the distal
portion thereof, is advanced into the patient’s coronary
artery 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 inflation fluid one or more times
to a predetermined size at relatively high pressures so
that the stenosis is compressed against the arterial wall
and the wall expanded to open up the vascular passage-
way. Generally, the inflated diameter of the balloon is
approximately the same diameter as the native diameter
of the body lumen being dilated so as to complete the
dilatation but not overexpand the artery wall. After the
balloon is finally deflated, blood flow resumes through
the dilated artery and the dilatation catheter and the
guidewire can be removed therefrom.
[0004] In such angioplasty procedures, there may be
restenosis of the artery (i.e. reformation of the arterial
blockage) which necessitates either another angioplasty
procedure, or some other method of repairing or strength-
ening the dilated area. To reduce the restenosis rate of
angioplasty alone and to strengthen the dilated area, phy-
sicians now normally implant an intravascular prosthesis,
generally called a stent, inside the artery at the site of
the lesion. Stents may also be used to repair vessels
having an intimal flap or dissection or to generally
strengthen a weakened section of a vessel or to maintain
its patency. Stents are usually delivered to a desired lo-
cation within a coronary artery in a contracted state on a
balloon of a catheter which is similar in many respects

to a balloon angioplasty catheter, and expanded within
the patient’s artery to a larger diameter by expansion of
the balloon. The balloon is deflated to remove the cath-
eter and the stent left in place within the artery at the site
of the dilated lesion.
[0005] With regard to coronary catheters, two main
types of catheter designs, over-the-wire (OTW) and rap-
id-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 different guidewire attributes (e.g., tip curvature or
radiopaque markers) are needed. However, these sys-
tems require the use of a long guidewire (e.g., 300cm 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/her other hand to advance or retract the
catheter along the guidewire. However, because the en-
tire 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 prox-
imal catheter guidewire port is advanced into the patient.
Another problem with the design of RX catheters is that,
compared to traditional OTW catheters, it results in cath-
eters which have inferior pushability and also tend to
buckle and/or kink - especially at or near the proximal (or
rapid-exchange) guide wire exit port.
[0007] More recently introduced coronary catheters
are hybrids of the OTW and RX catheters, sometimes
referred to as "convertible" catheters. For example, US
Patents 5,334,147 and 5,380,283 to Johnson teach the
construction of a balloon catheter having a proximal por-
tion that includes an aperture through the wall of the cath-
eter 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, al-
lowing the guidewire to exit the catheter guidewire lumen
via the aperture. Thus, providing both rapid-exchange
and over-the-wire capabilities.
[0008] US Patent 5,472,425 to Teirstein describes a
catheter having a guidewire lumen covered by a ruptur-
able membrane that extends along substantially the en-
tire length of the catheter, whereby the membrane may
be intentionally punctured at any desired location by the
guidewire. Thus, providing both rapid-exchange and
over-the-wire capabilities. The use and general construc-
tion of the catheter are related, although no materials or
specific constructions for the rupturable membrane are
taught.
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[0009] US 6 248 092 (closest prior art) relates to Cath-
eters including a rugged, reusable proximal body and a
disposable distal body attached by a releasable connec-
tion are provided. The reusable proximal body is con-
structed from resterilizable materials such as glass, metal
alloys and engineering plastics. The disposable distal
body, designed for one-time use, is made from reliable
but inexpensive materials. The catheters may be dilata-
tion catheters and may be manufactured in any configu-
ration, including rapid exchange, balloon-on-a-wire, and
over-the-wire designs with single or multiple lumens. The
modular construction of the catheter and releasable con-
nection provides for rapid and easy changes in the con-
figuration and balloon size depending on the needs of
the medical procedure.
[0010] US 6 733 486 relates to a catheter having a
mandrel secured to the catheter or constrained within a
dedicated lumen. In one embodiment, the catheter has
an inner tubular member and an outer tubular member
with a sidewall configured to define a mandrel lumen lon-
gitudinally along an inner surface of the outer tubular
member or along an outer surface of the inner tubular
member. The mandrel lumen may be configured to allow
the mandrel to be exchanged to adjust the handling char-
acteristics of the catheter. The mandrel may occupy an
intermediate portion of the catheter shaft, or may extend
from the proximal end to within proximal or distal shaft
sections of the catheter. In coronary artery applications,
the mandrel is configured to support the catheter as it
bends through the aortic arch and enters the coronary
artery.
[0011] US 6 027 487 relates to a low profile infusion
catheter for medical use. The catheter comprises a prox-
imal infusion lumen, which, in one embodiment, branches
into two or more distal infusion lumen. Each of the distal
fluid lumen is provided with at least one effluent flow port
for infusion into the patient. Construction of the catheter
provides a series of discrete flexibility zones.
[0012] Commonly owned and co-pending US Patent
Application No. 10/402,083, filed on March 28, 2003, to
Armstrong et al describes a unique convertible catheter
that comprises a guidewire lumen having a thin covering
that is easily punctured to form a guidewire exit port at
virtually any desired point along the catheter. 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. In one disclosed
embodiment the thin covering is made from a thin tape
of porous expanded polytetrafluoroethylene (ePTFE)
helically wrapped about the exterior of a catheter shaft.
The wrapping can be accomplished, for example, in two
opposing directions parallel to the length of the catheter
shaft, resulting in a bias-ply construction. This thin cov-
ering offers good transparency and is easily punctured
(e.g., by the end of a guidewire) and yet is resistant to
tearing at the puncture site. Other disclosed materials for

the thin covering include, for example, polyethylene
terephthalate (PET), polyethylene, polypropylene, polya-
mide, etc. Porous polymers, optionally provided with a
thin, non-porous coating, may be advantageously used
because of their excellent flexibility. Most preferred are
tapes made from thin ePTFE film that has been provided
with a porous or non-porous coating of a thermoplastic
such as a thermoplastic fluoropolymer, preferably fluor-
inated ethylene propylene (FEP). Exemplary ePTFE
films can be made as taught by US Patents 3,953,566
and 4,187,390 to Gore. More preferred are ePTFE films
made as taught be US Patent 5,476,589 to Bacino. The
construction of thin, helically-wrapped tubes from ePTFE
films and thermoplastic-coated ePTFE films, and the
method of providing the coating onto the ePTFE films,
are taught, for example, by US Patent 6,159,565 to
Campbell et al. The guidewire lumen can be in the form
of a slot made into the catheter shaft, with the slot pro-
vided with the thin covering. Preferably, the slot extends
for most or even all of the length of the catheter. The slot
can be covered with a thin tubular covering that coaxially
encloses the entire catheter shaft or alternatively a strip
of thin tape-like covering material that covers the slot and
is adhered to the surface of the catheter shaft immedi-
ately adjacent both sides of the slot. A multiplicity of pre-
formed openings may be provided through the thin cov-
ering if desired. Also, 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.
[0013] A further problem with conventional balloon
catheters for intravascular procedures, such as angi-
oplasty and stent delivery, is such catheters frequently
have stiff proximal sections to facilitate advancement of
the catheter within the patient’s body lumen and relatively
flexible distal shaft sections to facilitate passage through
tortuous anatomy such as distal coronary and neurolog-
ical arteries without damage to the luminal wall. Typically,
there is an intermediate shaft section or junction between
the relatively stiff proximal shaft section and the relatively
flexible distal shaft section that provides a transition be-
tween the proximal shaft section and the distal shaft sec-
tion.
[0014] A variety of proposed solutions to the problems
of providing catheters with rapid-exchange capabilities,
good pushability, smooth flexibility transition from proxi-
mal end to distal end, and good resistance to buckling
and/or kinking (especially at the proximal (or rapid-ex-
change) guide wire exit port) have been attempted. How-
ever, the search continues for a catheter that overcomes
all of these problems.

SUMMARY OF THE INVENTION

[0015] Catheters having at least two lumens are dis-
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closed. The catheter includes a proximal section and a
distal section. The proximal section and distal section
may be joined together at a joint, or the sections may be
a single piece formed by, for example, extruding plastic
material. The proximal section includes at least a delivery
lumen extending from the proximal end (or near the prox-
imal end) to the distal end thereof. Located in at least a
portion of the proximal section delivery lumen is reinforc-
ing tubular member, which is positioned to structurally
support the wall of the proximal section delivery lumen
of the catheter. The reinforcing tubular member is con-
structed or configured to transition from being relatively
rigid at a proximal point to being relatively more flexible
at a distal point. In an aspect of the invention the rein-
forcing tubular member transitions from being relatively
rigid at substantially its proximal end to being relatively
flexible at its distal end. In an aspect of the invention, the
reinforcing tubular member may extend from the proximal
end of the proximal section to (or close to) the distal end.
[0016] The proximal section of the catheter also in-
cludes a guidewire receiving lumen. The guidewire re-
ceiving lumen may extend from the distal end of the prox-
imal section to a point distal of the proximal end, or the
guidewire receiving lumen may extend from the distal
end of the proximal section to the proximal end thereof.
The guidewire receiving lumen includes at least one prox-
imal guidewire exit port located proximally from the distal
end of the proximal section. The reinforcing tubular mem-
ber extends to a point distal of the proximal guidewire
exit port, and has an outer diameter equal to about the
inner diameter of the delivery lumen for at least a portion
of the reinforcing tubular member that extends distal to
the proximal guidewire exit port. By extending the rein-
forcing tubular member distal to the guidewire exit port
in this manner, the catheter will have improved columnar
strength (i.e. it will resist buckling while being advanced,
or pushed, toward the desired treatment site) and push-
ability. The guidewire receiving lumen and the delivery
lumen should be in a parallel relationship. This allows for
the reinforcing tubular member to extend distal to the
proximal guidewire exit port, while maintaining an outer
diameter equal to about the inner diameter of the delivery
lumen to provide structural support about the circumfer-
ence of the lumen distal to the proximal guidewire exit
port.
[0017] The distal section of the catheter includes at
least a guidewire receiving lumen and a delivery lumen.
In an aspect of the invention, the guidewire receiving lu-
men extends from the proximal end of the distal section
to the distal end of the distal section. The guidewire re-
ceiving lumen may also extend from the proximal end of
the distal section to a point proximal of the distal end.
The delivery lumen extends from the proximal end of the
distal section to the distal end thereof, or to a point prox-
imal of the distal end. The distal section delivery lumen
is in fluid communication with the proximal section deliv-
ery lumen and the distal section guide wire receiving lu-
men is in fluid communication with the proximal section

guide wire receiving lumen.

DESCRIPTION OF THE DRAWINGS

[0018] The operation of the present invention should
become apparent from the following description when
considered in conjunction with the accompanying draw-
ings, in which:

Figure 1 is a longitudinal view of a catheter according
to the invention.
Figure 2 is a cross-section of the catheter of Figure
1, taken along lines 2-2 in Figure 1.
Figure 3 is a cross-section of the catheter of Figure
1, taken along lines 3-3 in Figure 1.
Figure 4 is a cross-section of the catheter of Figure
1, taken along lines 4-4 in Figure 1.
Figure 5 is a longitudinal cross-section of a portion
of a catheter according to the invention.
Figure 6 is a longitudinal view of a catheter according
to the invention.
Figure 7 is a cross-section of the catheter of Figure
6, taken along lines 7-7 in Figure 6.
Figure 8 is a cross-section of the catheter of Figure
6, taken along lines 8-8 in Figure 6.
Figure 9 is a longitudinal view of a catheter according
to the invention.
Figure 10 is a cross-section of the catheter of Figure
9, taken along lines 10-10 in Figure 9.
Figure 11 is a cross-section of the catheter of Figure
9, taken along lines 11-11 in Figure 9.

DETAILED DESCRIPTION OF THE INVENTION

[0019] The invention may best be understood with ref-
erence to the Figures wherein certain preferred embod-
iments are set forth in detail.
[0020] Turning to Figure 1 there is shown a rapid-ex-
change type balloon catheter 10. Typically located on the
proximal end of such a catheter is hub assembly 11. As
can be seen catheter 10 includes a proximal section and
a distal section in this case joined in abutting relationship
at joint 12. The proximal section and distal section can
be joined in any suitable manner, such as adhesively
joined, fused, welded, etc. In an aspect of the invention
the proximal and distal sections are butt welded, glued,
etc. together so as to form a smooth joint without one
section overlapping the other, and without a transition
piece, such as a hollow tube, fitted over each piece. As
shown in Figure 2, proximal section includes an outer
wall material 14 (such as a plastic material, or other suit-
able material) and reinforcing tubular member 15 sup-
porting the outer wall 14. The proximal section also in-
cludes delivery lumen 16 extending from the proximal
end to the distal end of the proximal section.
[0021] Close to its distal end, proximal section also in-
cludes guidewire receiving lumen 17 in parallel relation-
ship with delivery lumen 16, as shown in Figure 3.
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Guidewire receiving lumen 17 extends distally from prox-
imal guidewire exit port 21 to the distal end of the proximal
section. Guidewire receiving lumen 17 and delivery lu-
men 16 remain parallel from proximal guidewire exit port
21 to the distal end of the proximal section. In an aspect
of the invention reinforcing tubular member 15 extends
from the proximal end, past proximal guidewire exit port
21 , to the distal end of the proximal section. Reinforcing
tubular member 15 can continuously increase in flexibility
from its proximal end to its distal end. Reinforcing tubular
member 15 has an outer diameter equal to about the
inner diameter of the delivery lumen 16 for at least a
portion of the length of the reinforcing tubular member
15 that extends distal to the proximal guidewire exit port
21. In an aspect of the invention reinforcing tubular mem-
ber 15 has an outer diameter equal to about the inner
diameter of the delivery lumen 16 over the entire length
of the reinforcing tubular member 15.
[0022] As shown in Figure 4, the distal section includes
guidewire receiving lumen 17, defined by tubular member
19, and delivery lumen 16 defined by the annular space
between tubular member 18 and tubular member 19.
Guidewire receiving lumen 17 extends from the proximal
end of the distal section through balloon 13 to the distal
end of the distal section, terminating at distal guidewire
exit port 20. The delivery lumen 16 extends from the prox-
imal end of the distal section to the proximal end of bal-
loon 13. The delivery lumen 16 is in fluid communication
with the interior of balloon 13, so that inflation fluid can
be delivered to inflate the balloon 13. Balloon 13 can be
sealed or otherwise joined to the distal end of tubular
member 18 and to a point near the distal end of tubular
member 19 in any suitable manner, as is known to the
skilled artisan.
[0023] As shown in Figure 5, in an aspect of the inven-
tion guidewire receiving lumen 17 and delivery lumen 16
can be in parallel relationship at the proximal end of the
distal section and then transition from being parallel to
being coaxial as each lumen extends toward the distal
end of the distal section. Moreover, reinforcing tubular
member 15 has an outer diameter equal to about the
inner diameter of the delivery lumen 16 and extends dis-
tally past proximal guidewire exit port 21, contacting the
inner wall around the circumference of the delivery lumen
16.
[0024] Typically, the catheter shown in Figure 1 will
have an overall length of about 145 to 150 cm (including
the hub assembly). The proximal section typically meas-
ures about 115 to 125 cm in length. The distal section
typically measures about 20 to 30 cm in length. The prox-
imal guidewire exit port is desirably located about 24 to
34 cm from the distal tip of the catheter. Of course, the
proximal guidewire port can be located closer to, or fur-
ther from, the distal tip if desired, including guidewire exit
ports less than about 10 cm from the distal tip of the
catheter. Unlike prior art rapid-exchange catheters, cath-
eters according to the invention can be produced where
there is no significant difference in deliverability based

on the location of the proximal guidewire exit port. The
performance of the catheter is dominated by the proper-
ties of the reinforcing tubular member, and the location
of the proximal guidewire exit port does not then cause
a defect in the mechanical structure of the device.
[0025] Typical lumen dimensions for a coronary appli-
cation would be 0.018" nominal ID for the guidewire lu-
men and an 0.023" ID for the delivery lumen, with wall
thicknesses of 0.003" minimum. Typical materials would
include Nylon or Pebax of various grades or durometers.
A reinforcing tubular member of 304 SS could then have
an OD of 0.022" and an ID of 0.016", allowing it to fit in
the ID of the delivery lumen. The reinforcing tubular mem-
ber flexibility can be graduated by the addition of a spiral
cut. A pitch in the cut of about 10 mm, continuously de-
creased to a final pitch of about 1mm, which can then be
extended for any desired length is particularly useful for
devices intended for coronary applications. One knowl-
edgeable in the art will notice that this invention allows
for great flexibility in design. A wide range of materials
and sizes, including systems for 0.010", 0.014", 0.018",
0.033" or any other guidewire size can be designed uti-
lizing this invention.
[0026] Reinforcing tubular member 15 can be any suit-
able material. In an aspect of the invention the reinforcing
tubular member comprises a polymer material. In a fur-
ther aspect of the invention reinforcing tubular member
comprises a metal, such as a hypotube. Reinforcing tu-
bular member 15 is located within the delivery lumen of
the proximal section and may extend from a point near
the proximal end of the proximal section to a point distal
thereto. In an aspect of the invention the reinforcing tu-
bular member extends continuously from the proximal
end to the distal end of the proximal section. Moreover,
the reinforcing tubular member 15 is configured or con-
structed or otherwise altered so that the reinforcing tu-
bular member becomes relatively more flexible from a
proximal point to a distal point thereon. In an aspect of
the invention the reinforcing tubular member 15 transi-
tions from rigid to relatively flexible in a continuous man-
ner. In a further aspect of the invention the reinforcing
tubular member 15 transitions continuously from rigid to
relatively more flexible from its proximal end to its distal
end. Transition from rigid to relatively more flexible can
be accomplished in any suitable manner. For example,
the distal end of the reinforcing tubular member could
have a reduced wall thickness, compared to the proximal
end thereof. Moreover, the tubular member could be spi-
rally scored or cut (preferably cut completely through the
wall of the tube), with pitch being increased toward the
distal end of the tubular member to result in a tubular
member being more flexible at its distal end, as compared
to its proximal end. In an aspect of the invention, the
tubular member can be cut along only a portion of the
tubular member, preferably near the distal end thereof.
The tubular member can also be cut along its entire
length, with pitch being varied over a part of the tubular
member, or along the entire tubular member. The tubular
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member can be configured so that the portion of the tu-
bular member that extends from a point proximal of the
proximal guidewire exit port to a point distal to the prox-
imal guidewire exit port can have the same flexibility or
it can increase in flexibility as it extends distal to the
guidewire exit port. For coronary applications a 0.022
inch OD x 0.016 inch ID 304 stainless steel hypotube can
be used. A final pitch of about 1 mm can provide desirable
flexibility. A starting pitch of about 10 mm can provide a
particularly smooth transition. Furthermore, tube stiff-
ness can be varied by combining two or more materials
of varying stiffness and joining them together to form a
tubular member of varying stiffness. Of course, any com-
bination of tube wall thickness, spirally scored or cut tub-
ing, pitch variations, and tube materials could be used to
obtain a reinforcing tubular member having increased
flexibility gradient measured from a proximal point to the
distal point thereof. In an aspect of the invention the re-
inforcing tubular member may be adhered or attached to
the inner wall of the delivery lumen at any number of
points along the length of the lumen. In an alternative
embodiment the reinforcing tubular member may be ad-
hered or attached to the inner wall of the delivery lumen
at only one point (e.g., at the proximal end of the delivery
lumen). In a further alternative embodiment, the reinforc-
ing tubular member could be in the form of a wire, tubular
braid which transitions from relatively rigid to relatively
flexible as it extends from a proximal point to a distal
point. The wire, tubular braid could be embedded in the
wall material that forms the delivery lumen of the proximal
section of the catheter. For example, the wire, tubular
braid could be imbedded in a suitable plastic tubular ma-
terial.
[0027] In an alternative embodiment, catheter 10 can
be provided with a guidewire receiving lumen that ex-
tends for the length (or most of the length) of the proximal
section of the catheter. In this embodiment the proximal
section still includes delivery lumen 16 in parallel rela-
tionship with guidewire receiving lumen 17. However,
guidewire receiving lumen 17 can be provided with at
least a second proximal guidewire exit port located prox-
imally from the first proximal guidewire exit port 21. In an
aspect of this embodiment the at least second proximal
guidewire exit port is located at the proximal end of the
proximal section, thus resulting in the so-called "convert-
ible catheter" design. In any event, reinforcing tubular
member 15 still extends to a point distal to the first prox-
imal guidewire exit port 21. In a further aspect the at least
second proximal guidewire exit port is located between
the first guidewire exit port 21 and the proximal end of
the proximal section of the catheter. In this aspect, the
reinforcing tubular member 15 can extend distally past
the most proximal guidewire exit port, past the most distal
guidewire exit port, or to the distal end of the proximal
section of the catheter.
[0028] Turning to Figure 6 there is shown a catheter
according to the invention which is of the "convertible"
type balloon catheter. The catheter includes proximal

section and distal section substantially as set forth in Fig-
ures 1-4, except that the guidewire receiving lumen 17
of the proximal section extends substantially the length
of the proximal section. Moreover, Y connector 30 is pro-
vided at the proximal end of the catheter. In addition to
first proximal guidewire exit port 21 , also provided are
second 22 and third (not shown) proximal guidewire exit
ports. Second proximal guidewire exit port 22 is located
proximally from first proximal guidewire exit port 21 and
third proximal guidewire exit port is located at the proxi-
mal end of the proximal section. Thus, it can be seen that
the catheter of this embodiment can be used in the well
known "over-the-wire" mode by threading the guidewire
through the distal guidewire exit port 20, past the first and
second proximal guidewire exit ports, and exit out the
third proximal guidewire exit port. The catheter of this
embodiment can also be used in the "rapid-exchange"
mode by threading the guidewire through the distal
guidewire exit port and through either the first or second
proximal guidewire exit port.
[0029] Of course, it should be understood that further
proximal guidewire exit ports could be provided at any
point along the guidewire receiving lumen between the
first proximal guidewire exit port 21 and the third proximal
guidewire exit port. This would allow the physician to
choose between "over- the-wire" mode and "rapid-ex-
change" mode wherein the "rapid-exchange" feature
could comprise many guidewire exit ports which may be
utilized depending upon various factors confronting the
physician.
[0030] Reinforcing tubular member 15 has an outer
diameter equal to about the inner diameter of the delivery
lumen 16 and extends from near the proximal end of the
proximal section to a point distal to the proximal guidewire
exit port 21.
[0031] A further variation of the "convertible catheter"
embodiment is exemplified in Figure 9. Figure 9 shows
a catheter according to the teaching of commonly owned
and copending US Patent Application No. 10/402,083,
which has been modified according to the present inven-
tion. Catheter 30 has proximal and distal sections joined
together in abutting relationship at joint 12. Located at
the proximal end of the catheter is Y connector 30. As
can be seen in Figure 10, proximal section includes par-
allel extending guidewire receiving lumen 17 and delivery
lumen 16. Guidewire receiving lumen 17 comprises a
longitudinally extending channel provided with thin cover
material 31 , in this case coaxially wrapped about the
proximal section of the catheter. Thin cover material 31
can be any suitable material that is capable of being
pierced, punctured, etc. to form a guidewire exit port
therein. Thus, a proximal guidewire exit port can be made
by the physician at virtually any point along the length of
the proximal section of the catheter. Preferably the thin
cover material 31 is selected from those disclosed in com-
monly owned and copending US Patent Application No.
10/402,083. Delivery lumen 16 has located therein rein-
forcing tubular member 15 which transitions from rela-
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tively rigid at a proximal point to relatively more flexible
at a point distal thereto. Reinforcing tubular member 15
extends from near the proximal end of the proximal sec-
tion to near the distal tip of the proximal section and has
an outer diameter equal to about the inner diameter of
the delivery lumen 16 over its entire length and, thus,
provides structural support to the delivery lumen 16 es-
sentially over the entire length of the proximal section.
Distal section includes delivery lumen 16 extending from
the proximal end thereof into fluid communication with
the interior of balloon 13, which is mounted on the distal
end of the catheter. As can be seen in Figure 11, at least
a portion of delivery lumen 16 is defined by the annular
space between tubular members 18 and 19. Moreover,
distal section also includes guidewire receiving lumen 17
defined by tubular member 19 that extends from the prox-
imal end thereof to the distal end thereof, terminating at
distal guidewire exit port 20. Distal section delivery lumen
16, and distal section guidewire receiving lumen 17 can
be in parallel relationship at the proximal end of the distal
section and transition to a coaxial relationship as the lu-
mens extend toward the distal end of the distal section.
Any suitable means may be used to join together the
proximal and distal sections, or the catheter assembly
may be a single extrusion as discussed above. As seen,
the outer diameters of the proximal section and the distal
section are joined together in such a manner as to form
a smooth outer profile transition from proximal section to
distal section.
[0032] Although balloon angioplasty catheters have
been described in detail, the invention also includes cath-
eters other than balloon angioplasty catheters. For ex-
ample, the balloon on the distal end of the catheter could
be provided with a stent, which can be delivered to a
treatment site, as is well known in the art. Further, rather
than using a balloon expandable stent, self-expanding
stents can be delivered using the catheter of the inven-
tion. Such a catheter would include guidewire receiving
lumen and delivery lumen, as discussed above. Howev-
er, rather than terminating at a proximal end of a balloon,
the delivery lumen could extend to the distal tip of the
catheter. The self-expanding stent could be advanced
through the delivery lumen to the treatment site and the
catheter withdrawn as the self-expanding stent is held
stationary. The stent would then expand against the ves-
sel wall as the catheter is withdrawn. Furthermore, the
delivery lumen could be used to deliver any number of
devices or treatments to a treatment site. For example,
analytical devices and/or other therapeutic devices could
be advanced through the delivery lumen to a treatment
site. Moreover, ultra sound devices, fiber optics, stent
grafts, embolic filters, radiopaque contrast material, med-
icines, etc. could be delivered via the delivery lumen of
the catheter of the invention.
[0033] While particular embodiments of the present in-
vention have been illustrated and described herein, the
present invention should not be limited to such illustra-
tions and descriptions. It should be apparent that chang-

es and modifications may be incorporated and embodied
as part of the present invention within the scope of the
following claims.

Claims

1. A catheter comprising:

proximal section having a proximal end and a
distal end and at least two parallel extending lu-
mens including a delivery lumen (16) having an
inner diameter extending substantially from the
proximal end to the distal end and a guidewire
receiving lumen (17) extending substantially
from the proximal end to the distal end, the
guidewire receiving lumen (17) naving a first
proximal guidewire exit port located between the
proximal end and the distal end and a second
proximal guidewire port located at the proximal
end;
reinforcing tubular member (15) located in the
proximal section delivery lumen, wherein the re-
inforcing tubular member (15) transitions from
relatively rigid to relatively more flexible from a
proximal point to a distal point thereon and hav-
ing an outer diameter equal to about the inner
diameter of the delivery lumen (16) for at least
a portion of the reinforcing tubular member that
extends distal to the first proximal guidewire exit
port (21), and
distal section having at least a distal section
guidewire receiving lumen and a distal section
delivery lumen, the distal section guidewire re-
ceiving lumen being in fluid communication with
the distal end of the guidewire receiving lumen
of the proximal section and the distal section de-
livery lumen being in fluid communication with
the distal end of the delivery lumen of the prox-
imal section.

2. The catheter of claim 1, wherein the first proximal
guidewire exit port is located less than about 10 cm
from the distal end of the distal section of the cath-
eter.

3. The catheter of claim 1, wherein the first proximal
guidewire exit port is located greater than about 10
cm from the distal end of the distal section of the
catheter.

4. The catheter of claim 3, wherein the first proximal
guidewire exit port is located about 24 cm to about
34 cm from the distal end of the distal section of the
catheter.

5. The catheter of claim 1, wherein the first proximal
section and the distal section are joined together at
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a joint.

6. The catheter of claim 1, wherein the reinforcing tu-
bular member comprises a spirally cut tube.

7. The catheter of claim 1, wherein the catheter transi-
tions from the proximal section to the distal section
in a smooth joint without one section overlapping the
other section.

8. The catheter of claim 1, wherein the distal section
guidewire receiving lumen and the distal section de-
livery lumen transition from being parallel to coaxial
near the proximal end of the distal section.

9. The catheter of claim 1, wherein a balloon is located
on the distal end of the distal section of the catheter.

10. The catheter of claim 1, wherein the reinforcing tu-
bular member has an outer diameter equal to about
the inner diameter of the proximal section delivery
lumen over the entire length of the reinforcing tubular
member.

11. The catheter of claim 6, wherein the spirally cut tube
transitions continuously from a pitch of about 10 mm
to a pitch of about 1 mm at the distal end thereof.

12. The catheter of claim 1 wherein the reinforcing tu-
bular member has a reduced wall thickness as the
tube extends from its proximal end to its distal end.

13. The catheter of claim 1, wherein the reinforcing tu-
bular member is comprised of at least two materials
of varying stiffness.

14. The catheter of claim 1, wherein the reinforcing tu-
bular member transitions from relatively rigid at a
point proximal to the proximal guidewire exit port to
relatively more flexible at a point distal to the proximal
guidewire exit port.

15. The catheter of claim 1, wherein the guidewire re-
ceiving lumen is defined by a longitudinally extending
channel provided with a thin material capable of be-
ing punctured to form a proximal guidewire exit port
at a location distal to the proximal end.

Patentansprüche

1. Katheter, der Folgendes umfasst:

eine proximale Sektion, die ein proximales und
ein distales Ende und wenigstens zwei sich par-
allel erstreckende Lumina hat, einschließlich ei-
nes Zuführungslumens (16), das einen Innen-
durchmesser hat, der sich im Wesentlichen vom

proximalen Ende bis zum distalen Ende er-
streckt, und eines Führungsdraht-Aufnahmelu-
mens (17), das sich im Wesentlichen vom pro-
ximalen Ende bis zum distalen Ende erstreckt,
wobei das Führungsdrahl-Aufnahmelumen (17)
eine erste proximale Führungsdraht-Austritts-
öffnung aufweist, die zwischen dem proximalen
Ende und dem distalen Ende angeordnet ist,
und eine zweite proximale Führungsdraht-Aus-
trittsöffnung die am proximalen Ende angeord-
net ist;
ein im Zuführungslumen der proximalen Sektion
angeordnetes röhrenförmiges Verstärkungs-
element (15), wobei das röhrenförmige Verstär-
kungselement (15) von verhältnismäßig steif zu
verhältnismäßig flexibler übergeht von einem
proximalen bis zu einem distalen Punkt an dem-
selben und einen Außendurchmesser hat, der
etwa dem Innendurchmesser des Zuführungs-
lumens (16) entspricht, für wenigstens einen Ab-
schnitt des röhrenförmigen Verstärkungsele-
ments, der sich distal zu der ersten proximalen
Führungsdraht-Austrittsöffnung (21) erstreckt,
und
eine distale Sektion, die wenigstens ein Füh-
rungsdraht-Aufnahmelumen und ein Zufüh-
rungslumen der distalen Sektion hat, wobei das
Führungsdraht-Aufnahmelumen der distalen
Sektion in Fluidverbindung mit dem distalen En-
de des Führungsdraht-Aufnahmelumens der
proximalen Sektion steht und das Zuführungs-
lumen der distalen Sektion in Fluidverbindung
mit dem distalen Ende des Zuführungslumens
der proximalen Sektion steht.

2. Katheter nach Anspruch 1, wobei die erste proximale
Führungsdraht-Austrittsöffnung weniger als etwa 10
cm vom distalen Ende der distalen Sektion des Ka-
theters angeordnet ist.

3. Katheter nach Anspruch 1, wobei die erste proximale
Führungsdraht-Austrittsöffnung mehr als etwa 10
cm vom distalen Ende der distalen Sektion des Ka-
theters angeordnet ist.

4. Katheter nach Anspruch 3, wobei die erste proximale
Führungsdraht-Austrittsöffnung etwa 24 cm bis etwa
34 cm vom distalen Ende der distalen Sektion des
Katheters angeordnet ist.

5. Katheter nach Anspruch 1, wobei die erste proximale
Sektion und die distale Sektion an einer Verbindung
miteinander verbunden sind.

6. Katheter nach Anspruch 1, wobei das röhrenförmige
Verstärkungselement eine spiralförmig geschnitte-
ne Röhre umfasst.
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7. Katheter nach Anspruch 1, wobei der Katheter von
der proximalen Sektion zu der distalen Sektion in
einer glatten Verbindung übergeht, ohne dass die
eine Sektion die andere Sektion überlappt.

8. Katheter nach Anspruch 1, wobei das Führungs-
draht-Aufnahmelumen der distalen Sektion und das
Zuführungslumen der distalen Sektion nahe dem
proximalen Ende der distalen Sektion von parallel
zu koaxial übergehen.

9. Katheter nach Anspruch 1, wobei ein Ballon am di-
stalen Ende der distalen Sektion des Katheters an-
geordnet ist.

10. Katheter nach Anspruch 1, wobei das röhrenförmige
Verstärkungselement über die gesamte Länge des
röhrenförmigen Verstärkungselements einen Au-
ßendurchmesser hat, der etwa dem Innendurch-
messer des Zuführungslumens der proximalen Sek-
tion entspricht.

11. Katheter nach Anspruch 6, wobei die spiralförmig
geschnittene Röhre kontinuierlich übergeht von ei-
ner Steigung von etwa 10 mm bis zu einer Steigung
von etwa 1 mm am distalen Ende derselben.

12. Katheter nach Anspruch 1, wobei das röhrenförmige
Verstärkungselement eine verringerte Wanddicke
hat, wenn sich die Röhre von ihrem proximalen Ende
bis zu ihrem distalen Ende erstreckt.

13. Katheter nach Anspruch 1, wobei das röhrenförmige
Verstärkungselement aus wenigstens zwei Materia-
lien mit sich verändernder Steifigkeit besteht.

14. Katheter nach Anspruch 1, wobei das röhrenförmige
Verstärkungselement übergeht von verhältnismäßig
steif an einem Punkt, proximal zu der proximalen
Führungsdraht-Austrittsöffnung, zu verhältnismäßig
flexibler an einem Punkt, distal zu der proximalen
Führungsdraht-Austrittsöffnung.

15. Katheder nach Anspruch 1, wobei das Führungs-
draht-Aufnahmelumen durch einen sich längs er-
streckenden Kanal definiert wird, der mit einem dün-
nen Material ausgestattet ist, das punktiert werden
kann, um eine proximale Führungsdraht-Austrittsöff-
nung an einer distalen Position gegenüber dem pro-
ximalen Ende zu bilden.

Revendications

1. Cathéter, comprenant :

une section proximale, comportant une extrémi-
té proximale et une extrémité distale et au moins

deux lumières d’administration (16) ayant un
diamètre intérieur s’étendant pratiquement de
l’extrémité à extension parallèle, englobant une
lumière proximale vers l’extrémité distale, et une
lumière de réception d’un fil-guide (17) s’éten-
dant pratiquement de l’extrémité proximale vers
l’extrémité distale, la lumière de réception du fil-
guide (17) comportant un premier orifice de sor-
tie proximal du fil-guide agencé entre l’extrémité
proximale et l’extrémité distale, et un deuxième
orifice de sortie proximal du fil-guide agencé sur
l’extrémité proximale ;
un élément tubulaire de renforcement (15)
agencé dans la lumière d’administration de la
section proximale, dans lequel l’élément tubu-
laire de renforcement (15) passe d’un état rela-
tivement rigide à un état relativement plus flexi-
ble d’un point proximal vers un point distal sur
celui-ci, et ayant un diamètre extérieur pratique-
ment égal au diamètre intérieur de la lumière
d’administration (16) sur au moins une partie de
l’élément tubulaire de renforcement s’étendant
dans une direction distale par rapport à l’orifice
de sortie proximal du fil-guide (21); et
une section distale, comportant au moins une
lumière de réception du fil-guide de la section
distale et une lumière d’administration de la sec-
tion distale, la lumière de réception du fil-guide
de la section distale étant en communication de
fluide avec l’extrémité distale de la lumière de
réception du fil-guide de l’extrémité distale de la
section proximale, et la lumière d’administration
de la section distale étant en communication de
fluide avec l’extrémité distale de la lumière d’ad-
ministration de la section proximale.

2. Cathéter selon la revendication 1, dans lequel le pre-
mier orifice de sortie proximal du fil-guide est agencé
à moins d’environ 10 cm de l’extrémité distale de la
section distale du cathéter.

3. Cathéter selon la revendication 1, dans lequel le pre-
mier orifice de sortie proximal du fil-guide est agencé
à plus d’environ 10 cm de l’extrémité distale de la
section distale du cathéter.

4. Cathéter selon la revendication 3, dans lequel le pre-
mier orifice de sortie proximal du fil-guide est agencé
à une distance comprise entre environ 24 cm et en-
viron 34 cm de l’extrémité distale de la section distale
du cathéter.

5. Cathéter selon la revendication 1, dans lequel la pre-
mière section proximale et la section distale sont re-
liées au niveau d’un joint.

6. Cathéter selon la revendication 1, dans lequel l’élé-
ment tubulaire de renforcement comprend un tube
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coupé en spirale.

7. Cathéter selon la revendication 1, dans lequel le ca-
théter passe de la section proximale vers la section
distale par un joint lisse, sans chevauchement d’une
section par l’autre section.

8. Cathéter selon la revendication 1, dans lequel la lu-
mière de réception du fil-guide de la section distale
et la lumière d’administration de la section distale
passent d’un état parallèle à un état coaxial près de
l’extrémité proximale de la section distale.

9. Cathéter selon la revendication 1, dans lequel un
ballonnet est agencé sur l’extrémité distale de la sec-
tion distale du cathéter.

10. Cathéter selon la revendication 1, dans lequel l’élé-
ment de renforcement tubulaire a un diamètre exté-
rieur pratiquement égal au diamètre intérieur de la
lumière d’administration de la section proximale, sur
l’ensemble de la longueur de l’élément tubulaire de
renforcement.

11. Cathéter selon la revendication 6, dans lequel le tube
coupé en spirale passe de manière continue d’un
pas d’environ 10 mm à un pas d’environ 1 mm au
niveau de son extrémité distale.

12. Cathéter selon la revendication 1, dans lequel l’élé-
ment tubulaire de renforcement a une épaisseur de
paroi réduite lorsque le tube s’étend de son extrémité
proximale vers son extrémité distale.

13. Cathéter selon la revendication 1, dans lequel l’élé-
ment tubulaire de renforcement comprend au moins
deux matériaux à rigidité différente.

14. Cathéter selon la revendication 1, dans lequel l’élé-
ment tubulaire de renforcement passe d’un état re-
lativement rigide, au niveau d’un point proximal par
rapport à l’orifice de sortie proximal du fil-guide, à un
état relativement plus flexible au niveau d’un point
distal par rapport à l’orifice de sortie proximal du fil-
guide.

15. Cathéter selon la revendication 1, dans lequel la lu-
mière de réception du fil-guide est définie par un ca-
nal s’étendant longitudinalement et qui comporte un
matériau fin pouvant être ponctionné pour former un
orifice de sortie proximal du fil-guide à un point distal
par rapport à l’extrémité proximale.
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