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(57) Abrégée/Abstract:
The coronary catheter of the present invention has an elongated tubular member or shaft, with a proximal end portion and the distal

end portion. The distal end portion terminates in a tip end portion. In accordance with the present invention, the distal end portion
of the catheter is curved In three dimensions and cooperative with the shape of the human aortic arch so as to automatically place
the tip end of the catheter into proximity with the right coronary ostium as the distal end portion passes over the aortic arch and into
the ascending aorta.
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ABSTRACT

The coronary catheter of the present i1nvention has
an elongated tubular member or shaft, with a proximal end
portion and the distal end portion. The distal end portion
terminates in a tip end portion. 1In accordance with the
present invention, the distal end portion of the catheter is
curved in three dimensions and cooperative with the shape of
the human aortic arch so as to automatically place the tip
end of the catheter into proximity with the right coronary
ostium as the distal end portion passes over the aortic arch
and into the ascending aorta.
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CORONARY CATHETER

Inventor: Thomas D. wWeldon

The present invention relates In general to
catheters useful in the diagnosis and/or treatment of
coronary diseases or conditions. More specifically, the
present invention relates to coronary catheters for use in
the diagnosis and/or treatment of diseases or conditions in
the right coronary artery.

Diagnosis and/or treatment ©of coronary artery

examined. For example, in coronary angiography or
arteriography, a hollow catheter 1s typically inserted into
an artery, such as the femoral artery in the patient's leg,
and guided by a qguide wire or guiding catheter upwardly
through the descending aorta, over the aortic arech ang
downwardly into the agcending aorta. The tip of the
catheter is then inserted inte the ostium of either the
right or the left coronary artery, depending on which
specific artery is to be examined. After the tip of the
catheter is inserted into the ostium, radiopaque ligquid is
injected through the catheter +o provide an x-ray image of

application of various and sometimes competing
considerations. There are, for example, physiclogical
considerations in the design of coronary catheters. The
openings into the left and right coronary arteries are not
symmetrical. If the ascending aorta is viewed in crosse
section and from below, the ostium for the right coronary
artery 1is located generally at an eleven o'clock position
and the ostium for the left coronary artery is located at
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approximately the three o'clock position. Because of this
asymmetry, catheters have been designed with different tip
shapes peculiar to whether the procedure 1s to be carried
cut for the right or left coronary arteries. Dr. Melvin
Judkins described particular catheter tip configurations for
right and left artery procedures many years ago. Catheters.
having such tip configurations are commonly referred to as
"Judkins" catheters.

Because of the central (three o'clock) position of
the ostium for the left coronary artery, the so~called
"left" Judkins catheter works well, and requires relatively
little manipulation by the physician to place the tip end of
the catheter into the coronary ostium. The ostium for the
right coronary artery, nowever, 1is not located in as
convenient a position, and the Judkins catheter for <the
right coronary artery requires that the doctor to rotate the
catheter approximately 180° after it is inserted past the
ostium and then to withdraw the catheter slightly until the
tip enters the right ostium. In a living patient, where the
heart is beating and the artery pulsing, placement of the
right Judkins catheter can be very difficult, and may

require extensive experience before a level of proficiency
1s attained.

catheter to the desired position, right coronary artery
catheters typically have a metal braid within the wall of
the catheter. The metal braid stiffens the catheter and
transmits the torgque exerted by the physician when the
physician twists the proximal end of the catheter, which is
located outside the patient, to rotate the distal end that
1s located in the ascending aorta.

The drawback with the braided catheter, however, is
that the braid results in a catheter having a larger outside
diameter. Because doctors prefer the inside diameter of the

rate of radiopaque liquid (so as to provide the sharpest x-
ray image) the provision of a metal braid in the wall of a
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catheter is typically accommodated by 1ncreasing the outside
diameter of the catheter.

The larger outside diameter, however, requires a
larger incision for entry of the catheter inta the patient's
arctery. Larger incisions, however, require longer times to
clot. Increased clotting time may require an overnight stay
of the patient in the hospital, resulting in increased cost
as compared to procedures carried out on an out-patient
basis.

As a result of these competing considerations, there
continues to be a need and desire for improved coronary
catheters. In particular, there is a continuing need for
coronary catheters for diagnosis and treatment of the right
coronary artery, which catheters may be readlly placed into
the right coronary artery ostium but alsc have minimum wall
thickness, thereby allowing for the maximum inside diameter
for radiopaque fluid flow and the smallest outside diameter
for the minimum incision.

One attempt to provide an alternative coronary
catheter for use with the right coronary artery is disclosed
in U.S. Patent No. 4,883,058 to Ruiz. In the Ruiz patent,
the distal end of the catheter comprises a relatively sharp
curve with a small radius of curvature at the most distal

upstream of the tip portion. The curvature Of the larger
curve 1s not as great as the curvature of the aortic arch,
SO as to bias the tip portion against the outer wall of the
ascending aorta.

Although the '058 Ruiz patent may be a step in the
right direction, it also appears to have several
shortcomings. Because the tip is biased outwardly, the
guidewire must remain in the catheter as it passes upwardly
along the descending aorta and over the aortic arch and into
the ascending aorta. Otherwise the tip may become caught in
the arterial branches in the top of the aortic arch. If the
guldewire must remain in the catheter, the catheter cannot
be periodically flushed with radiopaque liquid as physicians
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often desire to do to wvisualize the location of the catheter
tip as it moves through the aorta. The catheter shown in the
‘058 Ruiz patent also reguires the physician to apply a
torque to the proximal end of the catheter to cause the

catheter tip to rotate somewhat for insertion into the

ostium.

Accordingly, 1t i1s an object of the present
invention to provide a catheter for use unconnected with the
right coronary artery which does not suffer from the

drawbacks described above.

It 1s a more gpecific object of the present
invention to provide a catheter for the diagnosis and
treatment of diseases or conditions of the right coronary
artery which requires minimum manual adjustment or
positioning for placement of the tip of the catheter in the

right ostium.

It 1s yet a further object of the present invention
to provide a catheter for the right coronary artery which
cooperates with the shape of human aortic arch for automatic
placement of the catheter tip in the proximity of ostium so
that minimum adjustment or manipulation of the catheter is

required.

SUMMARY OF THE INVENTION

In accordance with one aspect of the present
invention, there i1s provided a coronary catheter for the
diagnosis or treatment of conditions of the right coronary
artery of a human, comprising an elongated tubular member
having a proximal end and a distal end, said distal end
terminating in a tip end, said distal end being curved in
three dimensions so that when viewed from a lateral

direction, said distal end comprises a most distal end
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portion which i1is arcuate and lies substantially within a
first plane and a more proximal portion which is arcuate and
lies substantially within a second plane, said second plane
being disposed at an angle to said first plane and an
arcuate portion lying outside both the first and second
planes and extending between said most distal end portion
and sald more proximal portion to define a distal end means
cooperative with the aorta of a human patient for automatic
placement of said tip end into the ostium of the right
coronary artery with minimum manual adjustment upon passage
of said distal end through the descending aorta, over the

aortic arch, and into the ascending aorta of a human.

In accordance with a second aspect, there is
provided a coronary catheter for the diagnosis or treatment
of conditions of the right coronary artery of a human,
comprising an elongated tubular member having a proximal end
and a distal end, said distal end terminating in a tip end,
sald distal end being curved in three dimensions so that
sald distal end comprises a plurality of curves of
increasingly smaller radii in the direction of said tip end
to define a distal end means cooperative with the aorta of a
human patient for automatic placement of said tip end into
the ostium of the right coronary artery with minimum manual
adjustment upon passage of said distal end through the
descending aorta, over the aortic arch, and into the

ascending aorta of a human.

In accordance with a third aspect, there is
provided a method of performing diagnosis of the right
coronary artery of a patient comprising: providing a
catheter having an elongated hollow body with a proximal end
portion and a distal end portion which is substantially
curved 1n three dimensions; advancing the distal end portion

through the descending aorta, over the aortic arch, into the
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ascending aorta, and into proximity with the ostium of the
right coronary artery; rotating said distal end portion of
sald catheter as 1t advances over the aortic arch so as to
place said tip end portion in proximity with the right
coronary ostium, said rotating being the automatic result of
interaction between the particular shape of the coronary
catheter and the wall of the aorta, whereby the tip end
portion may be placed into said ostium with minimum manual

adjustment required.

According to another aspect of the present
invention, there is provided the use of a coronary catheter
as defined above in accordance with the first aspect of the
invention for the diagnosis or treatment of conditions of

the right coronary artery of a human.

According to another aspect of the present
invention, there is provided the use of a coronary catheter
as defined above in accordance with the second aspect of the
invention for the diagnosis or treatment of conditions of

the right coronary artery of a human.

The coronary catheter of the present invention may

comprise of a plurality of curves of increasingly smaller
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said curves preferably lies in a different plane. The

angle to said first plane. The coronary catheter may
10 further include an arcuate portion not lying in either of
the aforesaid planes, but extending between and connecting

15 areas of smaller radii which is deformed slightly during

20 BRIEF DESCRIPTION OF THE DRAWINGS
eSS NA s 22U OF THE DRAWINGS

Figure 2 is an enlarged perspective view 0f the
forming wire used to form the particular tip shape of the
25 pPresent invention on the catheter shown in Figure 1.

30 typical human.

35 present invention in progressively advanced positions as it
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Figures 7a-g are diagrammatic views of the human
aorta, as shown i1in Figure 4, depicting the catheter of the
present i1nvention in progressively advanced positions after

the catheter has been inserted in a mis-aligned position.

=== e ey g e

The present invention is generally embodied in a
catheter 10 of the type typically used for angioplasty or
angliographic procedures. The catheter 10 includes a hollow
elongated extruded tube or shaft 12, which extends from a
distal end portion 14 to a proximal end portion 16. A lumen
extends throughout the length of the tube for passage of
radiopaque dye and the like, and communicates at the
proximal end, with a hub 18 for attachment of syringes and
the like. The material of the catheter tube may be of any
sultable plastic material, as is well-known in the medical
field. Most preferably, the catheter is made of nylon, in
accordance with the solid state polymerization procedure
described in U.S. Patent No. 4,963,306, wherein the body or
shaft portion of the catheter is subjected to solid state
polymerization, and solid state polymerization is inhibited
in the distal end portion 14 to provide a softer and more

pliable distal end.

The distal end 14 terminates in the very tip
portion 20 of the catheter, which enters the ostium. The
CLip end 20 preferably is made softer than the rest of the

distal end portion 14, utilizing a known softening process.

In accordance with the present invention, the
distal end portion 14 of the catheter 10 defines a
relatively complex, three-dimensional shape which cooperates

with the normal shape of the human aorta in order to
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automatically place the tip end 20 into the ostium of the
right coronary artery 30 with minimum manual adjustment.
The particular shape 1s formed on the distal end portion 14
of the catheter by first inserting the distal end over a

5 forming wire of the
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desired shape. The distal end portion 14 of the Catheter 10
is then immersed in boiling water for two to three minutes
to set the shape of the distal end of the catheter to
conform to that of the forming wire. After the catheter has
cooled, and the forming wire removed, the shape of the
distal end of the catheter corresponds essentially to the
shape of the forming wire. Accordingly, when the shape of
the forming wire is discussed hereinafter it will be
understood that the shape of the distal end of the resulting
catheter corresponds to the shape of the forming wire.

The shape of the forming wire for forming the
catheter of the present invention may be seen in Figure 2,
which is superimposed on three dimensional, x, vy and z axes.,
The following chart defines the location of the points O
through H the forming wire relative to the %, y and z axes.
¥or example, the very tip end of the forming wire is
designated point "0" and the X, ¥ and 2z positions are
respectively 0, 0 and 0. Point "A" on the forming wire is
located at a position Corresponding to the position 0 inches
along the x axis, one inch along the z axis and 0.85 inches
along the y axis. By comparing the points along the forming
wire to the chart below, the three dimensional shape of the
Present catheter may be visualized.

0 0.00 0.00 0.00 j
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Alternatively, the forming wire may be viewed as
depicted in Figures 3a - c. Figure 3a is a side view of the
forming wire. The tip end portion of the catheter
corresponds the left hand most end of the forming wire, and

of the forming wire as shown in Figure 3a. Figure 3b is a
top view, looking down on the forming wire of Figure 3a and
Filgure 3c is an end view of the forming wire as viewed from
the right hand side of Figure 3a,

AS may be seen in Figure 3a, the catheter comprises,
at the tip end portion, a relatively sharp curve defined
along arc "Q", which extends approximately between polints
"O" and "A". 1In the side view, the distal end portion also
includes a more gradual curve along arc R approximately
extending between points A" and "C", and another curve
defined along arc S, extending approximately between points
"C" and "Fn, From the side view a final and yet more

When the forming wire is viewed from the top, as
shown in Figure 3b, it may be seen that the most distal end
of the forming wire located generally between points Wo" and
"B", which includes arc QR and at least a portion of arc R,
lies in one plane, and at least a portion of arc g lies in
another plane. These two pPlanes are connected DY a curved
portion, generally designated arc T in the top view.

Figure 3¢ is an end view of the forming wire, as
viewed from the proximal end of the forming wire.

It may be seen from the above that the shape of the
forming wire is a relatively complex three-dimensional
shape, which overall is very generally spiral-~like. As
noted above, when the catheter is heat formed over the
forming wire, it corresponds essentially to the shape of the
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Referring now to Figure 4, Filgure 4 ig a generally
diagrammatic view of a aorta 22, including the ascending
aorta 24, aortic arch 26, and descending aorta 28. As
apparent from Figure 4, the aortic arch 1s roughly shaped
like the handle of a cane, extending upwardly from the

ascending aorta 24. The right and left coronary arteries
branch outwardly from the lower end of the ascending aorta
24. When viewed in cross-section in Figure 5, looking
upwardly into the ascending aorta <4, and picturing the face
of a clock on the ascending aorta 24, it may be seen that
the ostium 30 for the right coronary artery is generally at
the eleven o'clock position. The ostium 32 for the left
Coronary artery 1s at the three o'clock position.

The operation of inserting the catheter 10 of the
present invention into the ostium 30 for the right coronary
artery 1is best depicted in Figures 6a~g. Figure 6a shows
the catheter 10 correctly positioned in the aorta 22. As
shown in Figure 6b, the catheter in the present invention is
advanced upwardly, through the descending aorta 28 and into
the vicinity of the aortic arch 25. The catheter 10 may be
advanced to this location over a guidewire or through a
guiding catheter. At approximately this location or
earlier, the gquidewire or guiding catheter may be removed to
permit the distal end 14 of the catheter 10 to assume its
unique shape for further advancement of the catheter toward
and over the aortic arch 26. A« the catheter 10 approaches
the aortic arch 26, the tip end portion 20 generally is
adjacent to the outer wall of the aorta 22, and a more

against the inner wall of the aorta <2 (as best seen in Fig.
6b). As the catheter 10 moves upwardly, the shape of the
distal end 14 of the Catheter cooperates with the walls of
the aorta 22 to turn the distal end in a clockwise direction
(as viewed from the proximal end) as the tip end 20 moves
toward the ascending aorta 24 (see Fig. 6c). As the tip end
Of the catheter moves over the aortic arch 26, the tip end
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20 of the catheter continues to cooperate with the outer
wall of the aortic arch 26 and the more proximal portion of
the distal portion 14 bends over the aortic arch 26 (Fig.
6d). As the tip end portion 20 moves downwardly into the
ascending aorta 24, the more proximal portion of the distal
end 14 contacts the outer wall of the descending aorta 28
and bends over the aortic arch 26, continuing to turn the
tip end portion toward a position for automatic insertion
into the right coronary ostium 30 (Fig. 6e) . Figure 6f
shows a more advanced position of the catheter 10. At this
position, the portion of the catheter generally between

coronary ostium 30. The portion of +he catheter
substantially between points 5 and 8 comprises a back bend
which extends over the aortic arch 26 as the tip end portion
advances into the proximity of the aortic arch 26. As the
catheter 10 is advanced further (Fig. 6g), the tip end
portion 20 continues to move downwardly, rotating slightly
clockwise to a position ready for direct entry into the
right coronary ostium 30 when it is reached. Upon reaching

If the catheter 10 is not inserted precisely in the
manner described above, the particular shape of the tip end
20 cooperates with the aorta 22 to adjust the position of
the tip end to compensate for the initial mis-positioning of
the catheter 10. For example, if the distal end 14 of the
catheter is slightly counter-clockwise, the tip moves over
the aortic arch 22 and promptly is moved into a position for
ready entry into the right coronary ostium 30. TIf the tip
20 is over rotated in a clockwise position, the relative
Curvature of the distal end and the aortic arch 26 causes
the distal end to flip completely over, again positioning
the tip portion 20 of the catheter 10 for ready entry into
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the right coronary ostium 30. Thus, the catheter 10 readily
compensates for physician errors or mistakes in the proper

The operation of the catheter 10 of +the Present
invention when the tip is over rotated in a Clockwise
position is best depicted in Figures 7a- - Figure 7a shows
the catheter mis-inserted into the aorta in Position which
ls approximately a half~-clockwise turn relative to the

Figure 7b, the Catheter 10 in the Present invention is
advanced upwardly, through the descending aorta 28 and into
the vicinity of the aortic arch 2¢. As the catheter
approaches the aortic arch 26, the tip end portion 20

denerally against the outer wall of the aorta 2> (as best
seen in Fig. 7b). as the catheter moves upwardly, the shape
Of the distal engd 14 of the catheter Ccooperates with the

mis~aligned catheter is greater than the degree of rotation
Of a catheter which is Correctly inserteq, because the mig-
aligned catheter will rotate an additional partial turn to

inserted correctly. As the tip end 20 of the Catheter movesg
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of the catheter 10 generally
an upward

further (Fig, 79),
downwardly,

described above,

also be inserteg OVer a guide wire inte the
A0rtic arch. For example ,

until the tip end portion
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CLAIMS:

1. A coronary catheter for the diagnosis or treatment
of conditions of the right coronary artery of a human,
comprising an elongated tubular member having a proximal end
and a distal end, said distal end terminating in a tip end,
sald distal end being curved in three dimensions so that
when viewed from a lateral direction, said distal end

comprises a most distal end portion which i1s arcuate and

lies substantially within a first plane and a more proximal
portion which 1s arcuate and lies substantially within a
second plane, said second plane being disposed at an angle
to salid first plane and an arcuate portion lying outside
both the first and second planes and extending between said
most distal end portion and said more proximal portion to
define a distal end means cooperative with the aorta of a
human patient for automatic placement of said tip end into
the ostium of the right coronary artery with minimum manual
adjustment upon passage of said distal end through the
descending aorta, over the aortic arch, and into the

ascending aorta of a human.

2. A coronary catheter in accordance with claim 1

whereln sailid distal end comprises a generally spiral shape.

3. A coronary catheter for the diagnosis or treatment
of conditions of the right coronary artery of a human,
comprising an elongated tubular member having a proximal end
and a distal end, said distal end terminating in a tip end,
sald distal end being curved in three dimensions so that
salid distal end comprises a plurality of curves of
increasingly smaller radii in the direction of said tip end
to define a distal end means cooperative with the aorta of a
human patient for automatic placement of said tip end into

the ostium of the right coronary artery with minimum manual
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adjustment upon passage of said distal end through the

descendling aorta, over the acortic arch, and into the

ascending aorta of a human.

4 . A coronary catheter in accordance with claim 3
wherein said distal end comprises at least three areas of
increasingly smaller radii, each lying in three different

planes.

5. A corcnary catheter i1n accordance with claim 3
wherein said distal end includes a portion between said tip
end and a more proximal curved portion which is disposed to
deform and thereby place a spring-like pressure on said tip
end as saild tip end is advanced toward the right coronary

ostium.

6. A coronary catheter in accordance with claim 1

or 3 1n which said distal end cooperates with the aorta to

rotate such distal end as sald distal end advances over the
aortic arch and into proximity with the right coronary

ostium.

7. The use of a coronary catheter as claimed in any
one of claims 1 to © for the diagnosis or treatment of

conditions of the right coronary artery of a human.
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