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ABSTRACT OF THE DISCL E

An intravascular catheter system, such as a dilatation catheter system
for angioplasty procedures, which provides for the replacement of the catheter or the
guidewire thereof during the procedure. The intravascular catheter has an guidewire-
recelving inner lumen extending along the length thereof. A first guidewire port 1s
provided in the catheter body at or near the proximal end of the catheter, a second
guidewire port is provided in the catheter body at a location spaced distally from the
first guidewire port and proximally from a diagnostic or therapeutic means on a distal
portion of the catheter and a third guidewire port 1s provided in the distal end of the

catheter. The guidewire ports are in communication with the guidewire-receiving

inner lumen.
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This invention generaily relates to a catheter system which is suitable
for intravascular procedures such as percutaneous transluminal coronary angioplasty

(PTCA) and which allows for the exchange of guidewires and catheters during such

procedures.

In classic PTCA procedures, a guiding catheter having a preshaped
distal tip is percutaneously introduced into the cardiovascular system of a patient and
advanced therein until the preshaped distal tip thereof is disposed within the aorta
adjacent the ostium of the desired coronary artery. The guiding catheter is twisted
or torqued from the proximal end to turn the distal tip of the guiding catheter so that
1t can be guided into the coronary ostium. A dilatation catheter having a balloon on
the distal end thereof and a guidewire slidably disposed within an inner lumen of the
dilatation catheter are introduced into and advanced through the guiding catheter to
the distal tip thereof. The distal tip of the guidewire is usually manually shaped (i.e.
curved) by the physician or one of the attendants before the guidewire is introduced
into the guiding catheter along with the dilatation catheter. The guidewire is first

advanced out the distal tip of the guiding catheter, which is seated in the ostium of the
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patient’s coronary artery, into the patient’s coronary artery.
A torque 1is applied to the proximal end of the guidewire,
which extends out of the patient, to guide the curved or
otherwise shaped distal end of the guidewlire as the guidewire
is advanced within the coronary anatomy until the shaped
distal end of the guidewire enters the desired artery. The
advancement of the guidewire within the selected artery
continues until it crosses the lesion to be dilated. The
dilatation catheter is then advanced out of the distal tip of
the guiding catheter, over the previously advanced guidewire,
until the balloon on the distal extremity of the dilatation
catheter is properly positioned across the lesion. Once
properly positioned, the flexible, relatively inelastic
balloon is inflated to a predetermined size with radiopaque
liquid at relatively high pressures (e.g., 4-12 atmospheres)
to dilate the stenosed region of the diseased artery. The
balloon is then deflated so that the dilatation catheter can
be removed from the dilated stenosis and blood flow can then

be resumed therethrough.

Further details of guiding catheters, dilatation
catheters, guidewires, and the like for angioplasty procedures
can be found in U.S. Patent 4,323,071 (Simpson-Robert); U.S.
Patent 4,439,185 (Lundquist); U.S. Patent 4,468,224 (Enzmann
et al.); U.S. Patent 4,516,972 (Samson); U.S. Patent 4,438,622
(Samson et al.); U.S. Patent 4,554,929 (Samson et al.); U.S.
Patent 4,582,185 (Samson); U.S. Patent 4,616,652 (Simpson) ;

U.S. Patent 4,638,805 (Powell); U.S. Patent 4,748,986
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(Morrison et al.); U.S. Patent 4,898,577 (Badger et al.); and

U.S. Patent 4,748,982 (Horzewskl et al.).

Recently, the licensee of the present invention,
Advanced Cardiovascular Systems, Inc., introduced into the
market place an improved dilatation catheter which is
described and claimed in U.S. Patent 4,748,982 (Horzewski et
al.). This dilatation catheter has a short guidewire-
recelving sleeve or inner lumen extending through just the
distal portion of the catheter. The sleeve extends proximally
at least 10 cm, typically about 25 cm, from a guidewire port
in the distal end of the catheter to another guidewire port in
the wall of the catheter. A slit is provided in the catheter
wall which extends distally from the second guidewire port to
a location proximal to the proximal end of the inflatable
balloon. The structure of the catheter allows for the rapid
exchange of the catheter without the need for an exchange wire

or adding a guldewire extension to the proximal end of the

guldewire.

The catheter design embodying the Horzewski et al.
improvements has been widely praised by members of the medical
profession and has met with much commercial success in the
market place. Nonetheless, there are some ilnconveniliences 1n
its use because the catheter does not allow for the exchange
or replacement of the guidewire. For example, the shaped
distal tip of the guidewlire may become deformed in use or the

shape of the distal tip or the size of the guidewire may be

-3 -
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found to be no longer suitable for the particular procedure
within the patient’s vasculature. In this instance the
physician might want to remove the guidewire and reshape the
distal tip or replace the first guidewire with another having
the desired size, stiffness or shape. However, when the
gulidewlre 1n a dilatation catheter system embodying the
Horzewskl et al. improvements is removed, access to the
desired arterial location through the distal guidewire lumen

of the catheter i1s lost. Unfortunately, there is no way to

clinically determine before the guidewire is inserted into the

patient 1n an angioplasty procedure whether a guidewire or a

catheter will have to be exchanged during the procedure.

What has been needed and heretofore unavailable is
an intravascular catheter system which allows for the rapid
exchange of either the catheter or the guidewire during an
intravascular procedure without losing access to the desired
region of the patient’s arterial system. The present

invention satisfies thlis and other needs.

SUMMARY OF THE INVENTION

This invention is directed to a catheter system

which can be used in an over-the-wire type mode and which can

also allow for the exchange of either a guidewire or a

catheter mounted over a guidewlre during an intraluminal

procedure such as a PTCA without losing access to the body

lumen and the method of using such a catheter system.
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The invention provides an intravascular catheter
system which is adapted for diagnostic or therapeutic
procedures within a patient’s wvascular system and which allows
the exchange of a guidewire or catheter thereof while the
catheter system is disposed within the patient’s wvascular
system or the catheter while the guidewire is disposed within
the patient’s vasculature, the system comprising: (a) an
elongated catheter body having proximal and distal ends and a
guidewire-receilving inner lumen therein extending to the
distal end of the catheter body; (b) means mounted on a distal
portion of the catheter body for performing a diagnostic or
therapeutic procedure within a patient’s wvasculature; (c) a
first guidewire port in the catheter body defining at least in
part the guidewire-receiving inner lumen, the first port being
at or near the proximal end of the catheter body and being in
communication with the guidewire-receiving inner lumen;

(d) a second guidewire port in the wall of the catheter body
defining at least in part the guidewire-receiving inner lumen,
the second port being proximal to the means for performing the
diagnostic or therapeutic procedures and being spaced at least
10 cm from the distal end of the catheter body and being in
communication with the guidewlire-receiving inner lumen;

(e) a third guidewire port in the distal end of the catheter
body in communication with the guidewire-receiving inner
lumen; and (f) a guidewire slidably disposed within the

guidewire-receiving inner lumen.

..4a....
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The invention also provides a dilatation catheter
suitable for performing angioplasty procedures within a
patient’s artery, comprising: (a) an elongated catheter body
having proximal and distal ends, a guldewlire-receiving lumen
extending within the catheter body to the distal end thereof
and an inflation lumen extending within the catheter body to a
distal portion thereocf; (b) an inflatable balloon on the
distal portion of the catheter body having an interior 1in
fluid communication with the inflation lumen; (c¢c) a first
guidewire port in the catheter body defining at least 1in part
the guidewire-receiving lumen, the first port being at or near
the proximal end of the catheter body and being in
communication with the guidewilre-receiving inner lumen;
(d) a second guidewire port in a wall of the catheter body
defining at least in part the guidewire-receiving lumen, the
second port being spaced at least 10 cm from the distal end of
the catheter body and a substantial distance from the proximal
end being in communication with the guidewire-receiving inner
lumen; (e) a third guidewire port in the distal end of the
catheter body which is in communication with the guidewire-
receiving inner lumen; and (f) means on the proximal end of
the catheter body to direct inflation fluid to the inflation

lumen.

The invention also provides an intravascular
catheter system which is a adapted for diagnostic or
therapeutic procedures within a patient’s wvascular system and

which allows the exchange of a guidewire or catheter thereof

-4b-
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while the catheter system is disposed within the patient’s
vascular system, the system comprising: (a) an elongated
catheter body having proximal and distal ends and a first
inner lumen adapted to receive a guidewire therein extending

5 to the distal end of the catheter body; (b) means mounted on a
distal portion of the catheter body for performing a
diagnostic or therapeutic procedure within a patient’s
vasculature and being in communication with a second inner
lumen extending within the catheter body; (c¢) a first

10 guidewire port in the catheter body being at or near the
proximal end of the catheter body and being in communication
with the first guidewire-receiving inner lumen; (d) a second
guidewire port in the catheter body being proximal to the
means for performing the diagnostic or therapeutic procedures

15 and being spaced at least 10 cm from the distal end of the
catheter body and a substantial distance from the proximal end
of the catheter body and being in communication with the
guidewire-receiving inner lumen; (e) a third guidewilire port in
the distal end of the catheter body in communication with the

20 first guidewire-receiving inner lumen; and (f) a slit provided
through a wall of the catheter body which extends between the
first and second guidewire ports to facilitate the separation

between the guidewire and the catheter body.

The invention also provides a readily exchangeable
25 dilatation catheter suitable for performing angioplasty
procedures within a patient’s artery which permits the

exchange of a guidewire during an angioplasty procedure,
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comprising: (a) an elongated catheter body having proximal
and distal ends, a first lumen adapted to receive a guidewire
and extending within the catheter body to the distal end
thereof and a second lumen adapted to direct inflation fluid
therethrough and extending within the catheter body a distal
portion thereof; (b) an inflatable member on a distal portion
of the catheter body having an interior in fluid communication
with the second lumen; (c) a first guidewire port in the
catheter body being located at or near the proximal end of the
catheter body and being in communication with the guidewire-
receiving inner lumen; (d) a second guidewire port in the
catheter body being spaced at least 10 cm from the distal end
of the catheter body and a substantial distance from the
proximal end and being in communication with the first
guidewire-receiving inner lumen; (e) a third guidewire port in
the distal end of the catheter body distal to the inflatable
member which is in communication with the guidewire-receiving
inner lumen; and (f) means on the proximal end of the catheter
body to direct inflation fluid to the interior of the

inflatable member through the inflation lumen.

The invention further provides a method of exchanging
a guidewire during an intravascular procedure within a
patient’s vascular system comprising: (a) providing an
intravascular catheter which includes, an elongated catheter
body having proximal and distal ends, a guidewlre-recelving
inner lumen extending within the catheter body to the distal

end thereof, diagnostic or therapeutic means on the distal

-4d-

L o L P L uy | By P T L R A I L L - : ' N o Tt dadea L S DN P A A (LA Nt s e e

SRR L b U L LTS ]



10

15

20

25

CA 02070914 1999-05-19

portion of the catheter body, a first guidewire port in the
catheter body being at or near the proximal end of the
catheter body and being in communication with the guidewire-
receiving inner lumen, a second gulidewlire port 1in the catheter
body being spaced proximally from the diagnostic or
therapeutic means and at least 10 cm from the distal end of
the catheter body and being in communication with the
guidewire-receiving inner lumen, and a third guidewire port 1in
the distal end of the catheter body which is in communication
with the guidewire-receiving inner lumen; (b) disposing the
intravascular catheter within the wvascular system of the
patient with an in-place guidewire disposed within the
guidewire-receiving inner lumen with the distal end thereof
extending out the third guidewire port into the patient’s
vascular system and the proximal end extending out the second
guidewire port; (c¢) withdrawing the in-place guidewire from
the patient’s vascular system by pulling on the proximal end
thereof, while holding the intravascular catheter 1n place so
as to maintain access to the location of the in-place guide-
wire within the patient’s arterial system; and (d) advancing
within the guidewire-receiving inner lumen of the
intravascular catheter a replacement guidewire, which 1is
disposed within the guidewire-receiving inner lumen with the
proximal end of the replacement guidewire extending proximally
out of the first guidewire port and distally out the third
guidewire port into the patient’s wvascular system, until the
distal end of the guidewire extends beyond the location of the

intravascular procedure.

_4e...



10

15

20

25

CA 02070914 1999-05-19

The invention also provides a method for performing
a diagnostic or therapeutic procedure within a patient’s
vascular system, the steps comprising: (a) providing a first
intravascular catheter within the patient’s wvascular system
which comprises, an elongated catheter body having proximal
and distal ends, a guidewire-receiving inner lumen extending
within the catheter body to the distal end thereof, diagnostic
or therapeutic means on the distal portion of the catheter
body, a first guidewire port in the catheter body being at or
near the proximal end of the catheter body and being in
communication with the guidewire-receiving inner lumen, a
second guidewire port in the catheter body being spaced
proximally from the diagnostic or therapeutic means at least
10 cm from the distal end of the catheter body and being in
communication with the guidewire-receilving inner lumen, a
third guidewire port in the distal end of the catheter body
which is in communication with the guidewire-receiving inner
lumen, and a slit in a wall of the catheter body defining at
least in part the guidewire-receiving inner lumen which
extends from the first to the second guidewire port;
(b) providing within the patient’s vascular system a guidewire
which has proximal and distal ends and which is disposed
within the guidewire-receiving inner lumen of the first
intravascular catheter with a distal end of the guidewire
extending out the third guidewire port and a proximal end of
the guidewire extending out the first guidewire port;
(c) withdrawing the first intravascular catheter from the

patient’s vascular system over the guidewire which 1is

_4f-



10

15

20

25

CA 02070914 1999-05-19

maintained in position within the patient’s wvascular system;
(d) stripping the catheter body of the first intravascular
catheter from the guidewire after it exits the patient’s
vascular system, with the guidewire passing through the slit
in the catheter body until it exits from the second guidewire
port, further removing the first intravascular catheter from
the patient over the guidewire until the distal tip of the
catheter exits the patient and a portion of the guidewire 1is
exposed distal to the distal tip and manually holding the
portion of the guidewire exposed distal to the distal tip of
the catheter while the catheter 1is pulled off the guidewire;
(e) inserting the proximal end of the guidewire through a
first guidewire port in the distal end of a second
intravascular catheter into a guidewire-receiving inner lumen
disposed within the second intravascular catheter and out a
second guldewire port spaced proximally from diagnostic or
therapeutic means on a distal portion of the second
intravascular catheter and at least 10 cm from the distal end
of the second intravascular catheter; and advancing the second
intravascular catheter over the guidewire until diagnostic or
therapeutic means thereon 1s at location where the diagnostic

or therapeutic procedure 1is to occur.

The catheter body first guidewire port is generally
at or close to the proximal end of the catheter body, e.g. not
more than about 30 c¢cm therefrom, and, preferably, i1s not more
than about 10 cm from the proximal end of the catheter body.
The second port 1s spaced closer to the diagnostic or

therapeutic means than it 1s to the first port and

_49_
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generally 1s at least about 10 cm from the distal end of the catheter body preferably

about 15 c¢m to about 40 cm.

In a presently preferred embodiment the catheter is a balloon dilatation
catheter adapted to perform PTCA procedures. The catheter has a catheter body with
two inner lumen extending essentially the length thereof, one of the lumens being a
guidewire-receiving lumen and the other lumen being adapted to direct inflation fluid
to the interior of a dilatation balloon on the distal portion of the catheter. One of the
attractive features of this catheter design is that the catheter can be used as an over-
the-wire type dilatation catheter in a conventional fashion., yet it allows both the
catheter and the guidewire to be exchanged during the PTCA procedure. Similar
catheter designs can be used with other intraluminal catheters which have diagnostic

or therapeutic means on the distal portion of the catheter.

To facilitate the separation of the guidewire and the catheter during an
exchange thereof, a slit is preferably provided in the wall of the catheter body which
defines at least part of the guidewire-receiving inner lumen. The slit extends distally

from the first guidewire port, preferably to the second port. A second slit should

extend distally from the second guidewire port to a location proximately adjacent the

diagnostic or therapeutic means.

To replace a catheter during an intraluminal procedure such as PTCA,

the n-place catheter is pulled proximaily over the guidewire from the proximal end

of the catheter. If the in-place guidewire extends out the second guidewire port, the
catheter 1s withdrawn peeling the catheter off of the guidewire through the slit

extending distally from the second guidewire until the distal end of the catheter exits

-5 -
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the proximal end of the guiding catheter or an adapter attached thereto at which point
the guidewire can be manually held in position while the catheter is removed from the
proximal end thereof. If the in-place guidewire exits the inner lumen of the catheter
from the first guidewire port, the catheter is separated from the guidewire by peeling
the catheter away from the guidewire through the slit which extends between the first
and second guidewire port as the catheter is withdrawn from the proximal end of the
guiding catheter or the adapter attached thereto until the guidewire exits the second
guidewire port. The separation of the catheter from the guidewire continues as
previously described with the catheter being peeled off of the guidewire through the
slit which extends distally from the second guidewire port. The catheter is further
withdrawn until the distal end of the catheter exits the proximal end of the guiding
catheter and which time the guidewire can be manually held while the catheter is

pulled off the proximal end of the guidewire.

Once the catheter has been removed from the proximal end of the in-
place guidewire, the proximal end of the in-place guidewire is inserted into the third
guidewire port in the distal end of a replacement catheter and then the replacement

catheter can be advanced into the patient’s vasculature over the in-place guidewire to

-perform the intravascular procedure. The proximal end of the guidewire can be

directed out of either the second or the first guidewire port in the catheter body

depending upon the needs of the physician.

The catheter system of the invention also allows for the exchange of an

in-place guidewire during an intraluminal procedure while holding the catheter in
place so as to maintain access to the intraluminal position. To replace an in-place

guidewire, it 18 removed from the guidewire-receiving inner lumen of the catheter and

-6 -
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the patient by pulling on its proximal end which extends out of the patient. When the
in-place guidewire is removed from the inner lumen of the in-place catheter, the
replacement guidewire is inserted into the guidewire-receiving inner lumen of the in-
place catheter through the proximal guidewire port and advanced through the
guidewire-receiving inner lumen and out the third port in the distal end thereof to the
desired location within the patient’s body lumen. If the in-place guidewire extends
out the second guidewire port, it may be desirable to have the replacement guidewire
inserted into the proximal portion of the guidewire-receiving inner lumen through the
first or proximal guidewire port before the in-place guidewire 1s removed from the
distal portion of the inner lumen so that there is little chance of losing access to the

lumenal location by the accidental movement of the in-place catheter. When the
replacement guidewire is advanced through the in-place catheter and properly
positioned in a desired location therein, e.g. across a stenosis in a patient’s artery
which is to be dilated, the catheter may then be advanced over the replacement

guidewire to the desired location so as to perform the desired diagnosiic or therapeutic

treatment therein.

The 1ntravascular catheter of the invention also aillows for the removal
and reinsertion of a guidewire, for example, when the physician wishes to change the
shape of the distal end of a guidewire during a procedure. In this operative modality,
the in-place guidewire can be withdrawn in essentially the manner described above,

the distal tip thereof reshaped and then be reintroduced into the in-place catheter 1n

essentially the same manner as described above.

As will become more apparent from the following detailed description

of the invention, the iritravascular catheter system of the invention allows for a wide

-7 -
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variety of intravascular procedures which were heretofore impossible to perform with
a single catheter system. These and other advantages are described in the following
detailed description when taken in conjunction with the accompanying exemplary

drawings.

BRIFE DESCRIPTION OF THE DRAWINGS

Fig. 1 is an elevational view, partially in section, of a dilatation

catheter having a guidewire-receiving inner lumen which embodies features of the

invention.

Fig. 2 1s 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 i1s a transverse, cross-sectional view of the catheter shown is Fig.

1 taken along the lines 4-4,

Fig. 5 illustrates an alternate embodiment of the invention in which a

guidewire extends out the proximal end of an adapter mounted on the proximal end

of the catheter body.

Fig. 6 is a transverse, cross-sectional view of the catheter shown in

Fig. 5 taken along the lines 6-6.
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Fig. 7 ia a transverse, cross-sectional view of the catheter shown 1n

Fig. 5 taken along the lines 7-7.

DETAILED DESCRIPTION OF THE INVENTION

Figs. 1-4 illustrate a dilatation catheter 10 embodying features of the
invention which allow for the exchange of a guidewire while the catheter remains in
place within the patient and which also allow for the exchange of the catheter while
the guidewire remains in place so as to avoid loss of the arterial position. The
catheter 10 generally comprises an elongated catheter body 11, an i1nflation lumen 12
adapted to direct inflation fluid from the proximal end of the catheter body, to the

interior of an inflatable balloon 13 on the distal portion of the catheter body and a

guidewire-receiving inner lumen 14 extending therein.

The wall of the catheter body 11 defining at least part of the guidewire-
receiving inner lumen 14 has a first guidewire port 15 near the proximal end 16 of
the catheter body, a second guidewire port 17 distal to the first port and at least about
10 cm from the distal end of the catheter body and a third guidewire port 18 located
in the distal end 18 of the catheter body, wherein the second guidewire port 17 is

substantially closer to the third port 18 than the first port 15.

An adapter 20 is provided on the proximal end 16 of the catheter body

11 to facilitate the introduction of inflation fluid into the inflation lumen 12 which

directs the fluid to the interior of the inflatable balloon 13 through the inflation port
22.
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A first slit 23 18 preferably provided in the wall of the catheter body
which defines the guidewire-receiving inner lumen 14 and extends between the first
guidewire port 15 and the second guidewire port 17. A second slit 24 is provided in
the wall of the catheter body 11 which further defines the guidewire-receiving inner

lumen and extends from the second guidewire port 17 to a location proximal to the

proximal end 25 of the balloon 13.

The catheter body 11 has a tubular extension 26 on the distal portion
thereof which extends through the intenor and out the distal end of the balloon 13.
The tubular extension 26 1s adapted to receive a guidewire 27 within the inner lumen
14. The distal end of the guidewire 27 has a coil 28 on the distal end thereof which
1s shown extending out the third guidewire port 18 in the distal end 19 of the catheter
body 11 and has an elongated core member 29 which is shown extending out the
second guidewire port 18. The guidewire 27 is shown 1n phantom in a second position
disposed within the proximal section of the inner lumen 14. The proximal portion of

the elongated core member 29 extiends out the first guidewire port 15 near the

proximal end 16 of the catheter body 11.

A radiopague marker 30 is disposed about the tubular extiension 26
within the interior of the balloon 13 to facilitate the fluoroscopic observation thereof
during an intravascular procedure. Radiopaque markers 31, 32 and 33 may also be
provided on the proximal portion of the catheter body 11 to allow the physician to

fluoroscopically determine the location of the first and second guidewire ports and the

like duning the intravascular procedures.

The catheter system of the invention can be inserted into the patient in

- 10 -
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a conventional over-the-wire fashion with the guidewire 27 preloaded within the inner
lumen 14 and extending proximally out the first or proximal port 15 or it can be
Inserted in a2 manner similar to that used to insert catheters having the improvements
of Yock and Horzewski er al. wherein the guidewire extends proximally out the
second or Intermediate guidewire port 17. When it becomes desirable or necessary at
any time during the intravascular procedure to remove or replace either the catheter
10 or the guidewire 27 either may be removed by pulling on the proximal end thereof
which extends out of the patient while the catheter or guidewire which remains within

the patient 1s held in position in order to maintain access to the desired intravascular

location.

If the guidewire is to be removed, the catheter 10 is held in place while
the guidewire 1s pulled out of the proximal end of the guiding catheter and the
catheter 10. When the guidewire has been removed from the catheter 10, a
replacement gumdewire may then be inserted through the first guidewire port 15 which
s outside the patient into the inner lumen 14 and advanced therein until the guidewire
exits the third guidewire port 18 in the distal end 19 of the catheter body 11 into thé
patient’s coronary artery. Once the replacement guidewire 27 is properly positioned
within the patient’s artery, e.g. across a stenosis to be dilated, the dilatation catheter
10 may then be further advanced within the artery over the replacement guidewire to

the desired location therein to perform the dilatation or other diagnostic or therapeutic

procedure in a conventional manner.

If the catheter 10 is to be removed and the guidewire 27 extends

proximally out the first guidewire port 15, the guidewire and the catheter are

separated while the catheter is being removed by pulling the guidewire through the
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shit 23 until the guidewire extends out the second guidewire port 17. The peeling of
the catheter off of the guidewire 27 continues through the slit 24 while the catheter
s being withdrawn. When the distal end 19 of the catheter exits the proximal end of
the guiding catheter, the guidewire may be manuaily gripped and the catheter 10
removed from the proximal end of the guidewire. If the guidewire 27 exits the
second guidewire port 17 the procedure is essentiaily the same except that there is no
need to peel the catheter 10 away from the guidewire through the slit 23 until the
guidewire extends through the second guidewire port 17. When the catheter 10 has
been removed, the replacement catheter is mounted onto the guidewire 27 by inserting
the proximal end of the guidewire through the third guidewire port 138 in the distal end
19 of the replacement catheter and advancing the catheter over the guidewire disposed
within the inner lumen 14 of the catheter until the guidewire exits the second
guidewire port 17. The replacement catheter may then be inserted into the patient and

advanced therein in a conventional manner as described in Yock or Horzewski er al.

In another method the replacement catheter is mounted onto the
guidewire 27 as previously desciribed but the replacement catheter is advanced over
the guidewire until the proximal end of the guidewire exits the first guidewire port 15.
In this method the replacement catheter is advanced well within the patient’s
vasculature before the guidewire exits the proximal end of the guidewire exits the first

port, it 1s manually grasped and the replacement catheter advanced further over the

wire into the patient’s coronary arteries.

An alternate embodiment of the invention is illustrated in FIGS. S-7.

This embodiment is quite similar to the embodiment shown is FIGS. 1-4 except that

- 12 -
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the guidewire 27 extends through the center arm of the two arm adaptor 35 on the
proximal end of the catheter body 11. The corresponding parts of this embodiment are
numbered the same as the parts of the embodiments shown in FIGS. 1-4. The first
guidewire port 15 in this embodiment (not shown in the drawings) is in the proximal
end 16 of the catheter body 11 and opens to the adapter 35. The use of this
embodiment is the essentially the same as the embodiment shown in FIGS. 1-4. The
adaptor 35 is modified to include a slit 44 which is continuous with the slit 23 in the
catheter body 11.

The catheter body 11 can be formed by conventional techniques, e.g.
extruding, from materials aiready found useful in intravascular catheters such a
polyethylene, polyimide, polyvinyl chioride, polyesters and composite materials such
as described in U.S. Patent 4,981,478 (Evard et dl. )

The various components of the catheter can be joined by suitable adhesive
such as the acrylonitrile based adhesive sold as Loctite™ 405. Heat shrinking may
also be employed where appropriate. A venting means may be provided to remove air
from the interior of the balloon before the catheter is inserted into the patient such as
described in U.S. Patent 4,638,805 (Powell) and U.S. Patent 4,821,722 (Samson er
al.).

The size of the catheter body 11 and the guidewire-receiving inner
lumen 14 thereof to a large extent are determined by the size of the guidewires 27 to
be employed and the size of the artery or other body lumen through which the
catheter must pass. Generally, the diameter of the inner lumen is sufficient to
accommodate the guidewire and to allow it to be slidably disposed therein. The

diameters of guidewires for coronary use can vary from about 0.008 to about 0.035

- 13 -
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inch (0.2-0.89 mm) in diameter, and the inner diameter of the guidewire-receiving
inner lumen 14 of the catheter 10 should be about 0.001 to about 0.C035 inch (0.025-
0.127 mm) larger than the diameter of the guidewire. The catheter body 11 is
sufficiently long to extend from outside the proximal end of a guiding catheter, which
likewise extends out of the patient, to a stenosis to be treated within the patient’s
vascular system (or other desired location therein), e.g. from about 100 to about 150
cm when a Seldinger approach through the femoral artery 1s employed to introduce
the catheter 10 into the patient’s vasculature. The wall forming the catheter must be
of sufficient thickness and strength so that it can be pushed over the gumidewire 27 to
the desired location within the patient’s blood vessel. If desired the proximal portion

of the dilatation catheter 10 can be provided with a stiffening means to facilitate the

advancement of the catheter within the patient’s vasculature.

While the invention has been described herein 1n terms of certain
presently preferred embodiments directed to bailoon dilatation catheters for use in
coronary angioplasty procedures, those skilled in the art will recognize that the
catheter of the invention may be used in a vanety of body lumens. For example, the
invention can be utilized in a wide variety of diagnostic and therapeutic intravascular
catheters. Additionally, the catheter body may be of concentric construction rather
than the dual lumen construction shown herein. Other modifications and

improvements may be made to the invention without departing from the scope thereof.

- 14 -
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An intravascular catheter system which is adapted
for diagnostic or therapeutic procedures within a patient’s
vascular system and which allows the exchange of a guidewire
or catheter thereof while the catheter system is disposed
within the patient’s vascular system or the catheter while the
guldewlre 1s disposed within the patient’s wvasculature, the
system comprising:

(a) an elongated catheter body having proximal and distal
ends and a guidewlre-receliving inner lumen therein extending
to the distal end of the catheter body;

(b) means mounted on a distal portion of the catheter
body for performing a diagnostic or therapeutic procedure
within a patient’s wvasculature;

(c) a first guidewire port in the catheter body defining
at least in part the guidewire-receiving inner lumen, the
first port being at or near the proximal end of the catheter
body and being in communication with the guidewire-receiving
inner lumen;

(d) a second guildewlre port in the wall of the catheter
body defining at least in part the guidewire-receiving inner
lumen, the second port being proximal to the means for
performing the diagnostic or therapeutic procedures and being
spaced at least 10 cm from the distal end of the catheter body

and being in communication with the guidewire-receiving inner

lumen:
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(e) a third guidewire port in the distal end of the
catheter body in communication with the guidewire-receiving
inner lumen; and

(f£) a guidewire slidably disposed within the guidewire-

recelving inner lumen.

2. The catheter system of claim 1 wherein a slit is
provided in the wall of the catheter body defining at least in
part the guidewire-receiving lumen which extends between the
first and second guildewire ports to facilitate the separation

between the guidewire and the catheter body.

3. The catheter system of claim 1 wherein a slit is
provided in the wall of the catheter body defining at least in
part the guidewlire-receiving lumen which extends distally from
the second guidewlre port to a location proximal from the
diagnostic or therapeutic means to facilitate the separation

between the guidewire and the catheter body.

4, The intravascular catheter of any one of claims 1 to
3, wherein the means for performing diagnostic or therapeutic

procedures include an inflatable member.
5. The intravascular catheter of any one of claims 1 to

4, wherein the means for performing diagnostic or therapeutic

procedures 1is an inflatable angioplasty balloon.
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6. The intravascular catheter of any one of claims 1 to
S5, wherein the second port 1s space not more than 50 cm from

the distal end of the catheter body.

7. The intravascular catheter of any one of claims 1 to
6, wherein the first guidewire port 1s spaced distally about

0.5 to about 30 cm from the proximal end of the catheter body.

8. The intravascular catheter of claim 4 including an

inflation lumen extending within the catheter body from the

proximal end thereof to the interior of the inflatable member.

9. The i1ntravascular catheter of any one of claims 1 to
6 or 8 wherein the first guidewlire port is located in the

proximal end of the catheter body.

10. A dilatation catheter suitable for performing
angioplasty procedures within a patient’s artery, comprising:

(a) an elongated catheter body having proximal and distal
ends, a guidewire-receiving lumen extending within the
catheter body to the distal end thereof and an inflation lumen
extending within the catheter body to a distal portion
thereof;

(b) an inflatable balloon on the distal portion of the
catheter body having an interior in fluid communication with
the inflation lumen;

(c) a first guidewire port in the catheter body defining

at least in part the guidewire-receiving lumen, the first port
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being at or near the proximal end of the catheter body and
being in communication with the guidewlire-receiving inner
lumen;

(d) a second guidewire port in a wall of the catheter
body defining at least 1in part the guidewlre-receiving lumen,
the second port being spaced at least 10 cm from the distal
end of the catheter body and a substantial distance from the
proximal end being in communication with the guidewire-
receiving inner lumen;

(e) a third guidewire port in the distal end of the
catheter body which is 1n communication with the guidewire-

receiving inner lumen; and

(f) means on the proximal end of the catheter body to

direct inflation f£luid to the inflation lumen.

11. The dilatation catheter of claim 10 wherein a slit
in the wall of the catheter body defining at least part of the

guidewire-receiving lumen extends between the first and the

second guidewire ports.

12. The dilatation catheter of claim 10 wherein a slit
is provided in the wall of the catheter body defining a least
part of the guidewire-receiving lumen which extends between

the second guidewire port and a location proximally adjacent

to the proximal end of the inflatable balloon.

13. An intravascular catheter system which 1is adapted

for diagnostic or therapeutic procedures within a patient’s

-18 -
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vascular system and which allows the exchange of a guilidewire
or catheter thereof while the catheter system is disposed
within the patient’s vascular system or the catheter while the
guidewire is disposed within the patient’s wvasculature, the
system comprising:

(a) an elongated catheter body having proximal and
distal ends and a guidewire-receiving inner lumen therein
extending from a location at or near the proximal end to the
distal end of the catheter body;

(b) means mounted on a distal portion of the catheter
body for performing a diagnostic or therapeutic procedure
within a patient’s wvasculature;

(c) a first guidewire port in the catheter body defining
at least in part the guidewire-receiving inner lumen, the
first port being at said location at or near the proximal end
of the catheter body and being in communication with the
guidewire-receiving inner lumen;

(d) a second guidewire port in the wall of the catheter
body defining at least in part the guidewire-receiving inner
lumen, the second port being proximal to the means for
performing the diagnostic or therapeutic procedures and being
spaced at least 10 cm from the distal end of the catheter body
and a substantial distance from the proximal end of the
catheter body and being in communication with the guidewire-
receliving inner lumen;

(e) a third guidewire port in the distal end of the
catheter body in communication with the guidewire-receiving

inner lumen; and

-19-

‘ VA P A 44 ST RS T 4 TR O RPN e T v -y



11400 o) bt AFIRALNT ST SN g d ey 15570 0T A IR C M aad N 114220500200, A AIINETATHAL I i CEERR LR T o

CA 02070914 1999-05-19

(f) a guidewire slidably disposed within the guidewire-

receiving inner lumen.

14 . The intravascular catheter system of claim 13
wherein the means for performing diagnostic or therapeutic
procedures 1s an inflatable angioplasty balloon and wherein
the system has further an inflation lumen extending within the
catheter body from the proximal end thereof to the interior of
the inflatable balloon, and wherein the first guidewire port

is located in the proximal end of the catheter body.

15. The intravascular catheter system of claim 13 or 14
wherein the second port is spaced not more than 50 cm from the

distal end of the catheter body.

16. The intravascular catheter system of any one of
claims 13 to 15 wherein the first guidewire port is spaced
distally about 0.5 to about 30 cm from the proximal end of the

catheter body.

17. A dilatation catheter suitable for performing
angioplasty procedures within a patient’s artery, the catheter
comprising:

(a) an elongated catheter body having proximal and
distal ends, a gulidewlire-receiving lumen extending within the
catheter body from a location at or near the proximal end to
the distal end thereof and an inflation lumen extending within

the catheter body to a distal portion thereof;
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(b) an inflatable balloon on the distal portion of the
catheter body having an interior in fluid communication with
the inflation lumen;

(c) a first guidewire port in the catheter body defining
at least 1n part the guidewire-receiving lumen, the first port
being at said location at or near the proximal end of the
catheter body and being in communication with the guidewire-
recelving inner lumen;

(d) a second guidewire port in a wall of the catheter
body defining at least in part the guidewire-receiving lumen,
the second port being spaced at least 10 cm from the distal
end of the catheter body and a substantial distance from the
proximal end being in communication with the guidewire-
receiving inner lumen;

(e) a third guidewire port in the distal end of the
catheter body which 1s 1n communication with the guidewire-
recelving inner lumen; and

(f) means on the proximal end of the catheter body to

direct inflation fluid to the inflation lumen.

18. The catheter system of any one of claims 13 to 17
wherein a slit is provided in the wall of the catheter body
defining at least i1n part the guidewire-receiving lumen which
extends distally from the second guidewire port to a location
proximal from the diagnostic or therapeutic means or balloon
to facilitate the separation between the guidewire and the

catheter body.
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19. The dilatation catheter of any one of claims 13 to
17 wherein a slit in the wall of the catheter body defining at
least part of the guidewire-receiving lumen which extends

between the first and second guidewire ports.

20. An intravascular catheter system which is a adapted
for diagnostic or therapeutic procedures within a patient’s
vascular system and which allows the exchange of a guidewire
or catheter thereof while the catheter system is disposed
within the patient’s wvascular system, the system comprising:

(a) an elongated catheter body having proximal and distal
ends and a first inner lumen adapted to receive a guidewire
therein extending to the distal end of the catheter body;

(b) means mounted on a distal portion of the catheter
body for performing a diagnostic or therapeutic procedure
within a patient’s vasculature and being in communication with
a second inner lumen extending within the catheter body;

(c) a first guidewire port in the catheter body being at
or near the proximal end of the catheter body and being in
communication with the first guidewire-receiving inner lumen;

(d) a second guidewire port in the catheter body being
proximal to the means for performing the diagnostic or
therapeutic procedures and being spaced at least 10 cm from
the distal end of the catheter body and a substantial distance
from the proximal end of the catheter body and being in
communication with the guidewire-receiving inner lumen;

(e) a third guidewire port in the distal end of the

catheter body in communication with the first guidewire-
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receiving inner lumen; and
(f) a slit provided through a wall of the catheter body
which extends between the first and second guidewire ports to

facilitate the separation between the guidewire and the

catheter body.

21. The catheter system of claim 20 wherein a second
slit 1s provided through the wall of the catheter body which
extends distally from the second guidewire port to a location
proximal from the diagnostic or therapeutic means to
facilitate the separation between the guidewire and the

catheter body.

22 . The intravascular catheter of claim 20 or 21 wherein
the means for performing diagnostic or therapeutic procedures

include an inflatable member.

23. The intravascular catheter of claim 20 or 21 wherein
the means for performing diagnostic or therapeutic procedures

is an inflatable angioplasty balloon.

24 . The i1ntravascular catheter of any one of claims 20
to 23 wherein the second port is spaced not more than 50 cm

from the distal end of the catheter body.

25. The intravascular catheter of any one of claims 20
to 24 wherein the first guidewire port is spaced distally

about 0.5 to about 30 cm from the proximal end of the catheter
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body.

26 . The intravascular catheter of any one of claims 20
to 24 wherein the first guidewire port is located in the

proximal end of the catheter body.

27 . A readily exchangeable dilatation catheter suitable
for performing angioplasty procedures within a patient’s
artery which permits the exchange of a guidewire during an
angioplasty procedure, comprising:

(a) an elongated catheter body having proximal and distal
ends, a first lumen adapted to receive a guidewire and
extending within the catheter body to the distal end thereof
and a second lumen adapted to direct inflation fluid
therethrough and extending within the catheter body a distal
portion thereof;

(b) an inflatable member on a distal portion of the
catheter body having an interior in fluid communication with
the second lumen;

(c) a first guidewire port in the catheter body being
located at or near the proximal end of the catheter body and
being in communication with the guidewire-receiving inner
lumen;

(d) a second guidewire port in the catheter body being
spaced at least 10 cm from the distal end of the catheter body
and a substantial distance from the proximal end and being in
communication with the first guidewire-receiving inner lumen;

(e) a third guidewire port in the distal end of the

-24 ~
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catheter body distal to the inflatable member which is in

communication with the guidewlire-receiving inner lumen; and
(f) means on the proximal end of the catheter body to

direct inflation fluid to the interior of the inflatable

member through the inflation lumen.

28. The dilatation catheter in claim 27 wherein a slit
is provided through the wall of the catheter body which

extends between the first and the second guidewire ports.

29. The dilatation catheter of claim 28 wherein a second
slit i1s provided in the wall of the catheter body which
extends between the second guidewire port and a location

proximal to the proximal end of the inflatable member.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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