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(57) Abrégé/Abstract:

Embodiments of the invention include a single lumen catheter for delivering high pressure contrast injection for TAVR procedures.
The catheter comprises a main lumen for delivering contrast media extending from the proximal end to the distal pigtail end, a distal
end hole for delivering contrast media, one or more side holes proximate of the end hole along the catheter shaft on the distal
angled portion, a distal angled section that is angled from the main catheter lumen axis, a distal pigtail configuration that is angled
from the axis of the distal section, and a distal pigtail loop. Other embodiments are also included herein.
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(57) Abstract: Embodiments of the invention include a single lumen catheter for delivering high pressure contrast injection for
TAVR procedures. The catheter comprises a main lumen for delivering contrast media extending from the proximal end to the distal
pigtail end, a distal end hole for delivering contrast media, one or more side holes proximate ot the end hole along the catheter shaft

O on the distal angled portion, a distal angled section that is angled from the main catheter lumen axis, a distal pigtail configuration

W

that is angled from the axis of the distal section, and a distal pigtail loop. Other embodiments are also included herein.
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CATHETER FOR TAVR PROCEDURES

Field of the Technology

The present application relates to a catheter. More specifically, the present

application relates to a catheter for TAVR procedures.

Background

A transcatheter aortic valve replacement (“TAVR”) can include the use of a
catheter to replace a heart valve, such as the aortic valve of the heart. A TAVR
procedure can be a minimally invasive surgical procedure to repair a valve in the heart
without removing the old valve.

In some scenarios a diagnostic pigtail catheter for opacifying the aortic cusps
can be used in the TAVR procedure. Current pigtail diagnostic catheters for coronary
interventions are typically made of two designs; 1) an angled pigtail catheter for
facilitation of the catheter into the left ventricle or 2) a straight pigtail catheter for
general purpose use in allowing for dye opacification of larger vascular structures.
Neither catheter is designed for opacification of the aortic cusps or even more
specifically for ideal placement into the non-coronary cusp of the aortic valve for
appropriate coaxial alignment of the stented valve during transcatheter aortic valve

replacement (TAVR).

Summary

Embodiments of the invention include a single lumen catheter for delivering
high pressure contrast injection for TAVR procedures. The catheter comprising a
main lumen for delivering contrast media extending from the proximal end to the
distal pigtail end, a distal end hole for delivering contrast media, one or more side
holes proximate of the end hole along the catheter shaft on the distal angled portion, a

distal angled section of 2-5 cm in length that is angled at 25-45 degrees from the main
1

Date regue/ date received 2022-02-18



10

15

20

25

30

CA 02965317 2017-04-20

WO 2016/065278 PCT/US2015/057147

catheter lumen axis, a distal pigtail configuration that is angled so its plane is 30-60
degrees from the axis of the distal section, a distal pigtail configuration that is
oriented substantially 90 degrees relative to the main shaft of the catheter, and a distal
pigtail loop that is 10-20 mm in diameter.

This summary is an overview of some of the teachings of the present
application and is not intended to be an exclusive or exhaustive treatment of the
present subject matter. Further details are found in the detailed description and
appended claims. Other aspects will be apparent to persons skilled in the art upon
recading and understanding the following detailed description and viewing the
drawings that form a part thereof, cach of which is not to be taken in a limiting sense.
The scope of the present invention is defined by the appended claims and their legal

equivalents.

Brief Description of the Figures

The invention may be more completely understood in connection with the
following drawings, in which:

FIG. 1 is a view of an end of a catheter, according to an embodiment.

FIG. 2 is a view of a portion of a catheter, according to an embodiment.

FIG. 3 is a view of a portion of a catheter and a portion of an environment in
which it can be used, according to an embodiment.

While the invention is susceptible to various modifications and alternative
forms, specifics thereof have been shown by way of example and drawings, and will
be described in detail. It should be understood, however, that the invention is not
limited to the particular embodiments described. On the contrary, the intention is to
cover modifications, equivalents, and alternatives falling within the spirit and scope of

the invention.

Detailed Description

The embodiments of the present technology described herein are not intended
to be exhaustive or to limit the invention to the precise forms disclosed in the
following detailed description. Rather, the embodiments are chosen and described so
that others skilled in the art can appreciate and understand the principles and practices

of the present invention.
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The catheter as described herein can provide a means to allow optimal
chamber opacification without movement of the catheter while positioning the
catheter into the non-coronary cusp.

FIG. 1 shows a view of a portion of a catheter 100. The catheter 100 can
include a single lumen. The catheter 100 can be configured to deliver a high pressure
contrast injection, such as for a TAVR procedure. In an embodiment, the catheter 100
can include a proximal end (not shown) and a distal end 102. The proximal end of the
catheter 100 can include a luer connection, such as a female luer connection. The
female luer connection can be configured for adequate pressure retention during high
pressure dye injections.

The distal end 102 can be a pigtail end, such that the distal end 102 can
include a pigtail loop. The loop can be substantially circular, such that as when
viewed from a side, such as shown in FIG. 1, the pigtail loop can define at least a
portion of a circle. The loop can have a diameter, such as diameter A shown in FIG.
1. In an embodiment, the loop has a diameter of at least 10 mm and not more than 20
mm. In an embodiment, the loop has a diameter of at least 5 mm and not more than
30 mm. In an embodiment, the pigtail loop extends 360 degrees. In an alternative
embodiment, the pigtail loop extends 270 degrees, such as shown in FIG. 1. In an
embodiment, the pigtail loop can extend at Ieast 90 degrees and not more than 540
degrees. In an embodiment, the pigtail loop can extend at least 270 degrees and not
more than 360 degrees.

The distal end 102 can define a distal hole 104, such as a hole from the
catheter that is configured to deliver the contrast media. In an embodiment, the distal
hole 104 can be located at the end of the catheter 100. In an embodiment, the distal
hole 104 can be a continuation of a main lumen.

The catheter 100 can include a main lumen, such as center lumen that extends
from the proximal end of the catheter to the distal end 102. The main lumen can be
configured to deliver a contracts media. The main lumen can have a substantially

circular cross section.

Date regue/ date received 2022-02-18
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The catheter 100 can include a single lumen catheter with a braid reinforced
polymer shaft. The catheter 100 can include Pebax. The catheter 100 can include a
stainless steel. In an embodiment, the catheter 100 can include Pebax and a stainless
steel braid reinforcement. In an embodiment, the catheter 100 can be configured for
contrast injection pressures of up to at least 1200 psi.

The catheter 100 can define one or more dye infusion holes. The dye infusion
holes can be located at a minimum of 1 cm away from the distal tip. The dye infusion
holes can be located at a maximum of 3 cm away from the distal tip. In an
embodiment, the dye infusion holes can be located between 1 cm and 3 cm away from
the distal tip. In an embodiment, the dye infusion holes can be located between 0.5
cm and 5 cm away from the distal tip. In an embodiment, the dye infusion holes can
be located at different distances away from the distal tip.

In an embodiment, there can be at least 1 dye infusion hole. In an
embodiment, there can be 5 or less dye infusion holes. In an embodiment, there can
be 2, 3, or 4 dye infusion holes. In an embodiment, the pigtail distal end 102 of the
catheter is not braid reinforced. In an embodiment, the portion of the catheter that
defines the one or more dye infusion holes is not braid reinforced. In an embodiment,
the braid reinforcement terminates between the proximal end of the catheter and the
dye infusion hole closest to the proximal end.

FIG. 2 shows a view of a portion of a catheter 200. The catheter 200 can
include a main shaft portion 206, a distal angled portion 208 and the pigtail loop 210.
The pigtail loop 210 can define the distal end hole 204. The distal end hole 204 can
be configured to deliver contrast media.

The distal angled portion 208 can define one or more dye infusion holes 212.
In an embodiment, the distal angled portion can be at least 2 cm long and not longer
than 5 cm, such as shown by length B in FIG. 2. Alternative ranges for the length of
the distal angled portion 208 are also possible, such as 1cm to 6 cm, or 2 cm to 8 cm.
The distal angled portion 208 can angled from the main shaft portion 206, such as
represented by angle C in FIG. 2. The distal angled portion 208 can be angled from
the main shaft portion 206 by at least 25 degrees and not more than 45 degrees. In an
alternative embodiment, the distal angled portion 208 is angled at least 15 degrees and
not more than 60 degrees from the main shaft portion 206.

The distal pigtail loop 210 can be angled from distal angled portion 208, such
as represented by angle D in FIG. 2. The distal pigtail loop 210 can be angled from

4
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distal angled portion 208, such as by at least 30 degrees and not more than 60 degrees.
In an alternative embodiment, the distal pigtail loop 210 can be angled at least 20
degrees and not more than 90 degrees from the distal angled portion 208.

The distal pigtail loop 210 can be configured such that it is about 90 degrees
relative to the main shaft portion 206. In some embodiments, the distal pigtail loop
210 can be angled from the main shaft portion 206 by at least 60 degrees and not
more than 120 degrees.

FIG. 3 shows a view of a portion of a catheter 300 and a portion of an
environment in which the catheter 300 can be used. In an embodiment, the catheter
300 can be a diagnostic TAVR pigtail catheter. The catheter 300 can be optimally
configured to opacify the non-coronary aortic cusp. The catheter 300 can allow for
chamber opacification with little movement of the catheter 300, such as while the
catheter 300 is positioned in the non-coronary cusp of the aortic root.

In some TAVR procedures, as a guidewire and catheter track around the aortic
arch, the catheter can tend to lay along the greater curvature, placing the catheter into
the right coronary cusp. The non-coronary cusp can lie posterior and leftward in
relation to the right coronary cusp. Therefore the catheter 300 can include a left angle
(causing displacement off the center line by approximately 2 cm) and an
approximately 25 degree angle directed true posterior. An alternative catheter can
have a similar displacement leftward (as most aortic roots are near 4 cm) and have a
40 degree angle directed posterior.

It should be noted that, as used in this specification and the appended claims,

"o

the singular forms "a," "an,"” and "the" include plural referents unless the content
clearly dictates otherwise. Thus, for example, reference to a composition containing
"a compound” includes a mixture of two or more compounds. It should also be noted
that the term “or” is generally employed in its sense including “and/or’” unless the
content clearly dictates otherwise.

It should also be noted that, as used in this specification and the appended
claims, the phrase “configured” describes a system, apparatus, or other structure that
is constructed or configured to perform a particular task or adopt a particular
configuration to. The phrase "configured"” can be used interchangeably with other
similar phrases such as arranged and configured, constructed and arranged,

constructed, manufactured and arranged, and the like.



All publications and patent applications in this specification are indicative of

the level of ordinary skill in the art to which this invention pertains.

The invention has been described with reference to various specific and
preferred embodiments and techniques. However, it should be understood that many
variations and modifications may be made while remaining within the spirit and scope

of the mvention.
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Claims:

1. A catheter for delivering a fluid media comprising:

a main catheter portion extending from a proximal catheter end toward a distal
catheter end;

an angled assembly coupled with the main catheter portion near the distal catheter
end, the angled assembly includes:

a pigtail loop at a first angle relative to the main catheter portion,

a distal angled segment extending from the main catheter portion to the pigtail
loop, the distal angled segment extending from the main catheter portion to the pigtail loop
at a second angle relative to the main catheter portion, and

wherein the pigtail loop extends from the distal angled segment at a third angle
relative to the distal angled segment, and a plane of the pigtail loop is transverse to a plane
including the main catheter portion and the distal angled segment; and

wherein the pigtail loop includes at least one fluid media hole and the distal angled

segment includes fluid media holes configured for dispensing a fluid media.

2. The catheter of claim 1, wherein the distal angled segment is straight between the

main catheter portion and the pigtail loop.

3. The catheter of claim 1, wherein the angled assembly includes a non-coronary cusp
configuration, the non-coronary cusp configuration includes:

a distal angled joint between the main catheter portion and the distal angled
segment, the distal angled joint configured for engagement along a greater curvature of an
aortic arch, and

a pigtail joint between the distal angled segment and the pigtail loop, the pigtail
joint configured to cooperate with the distal angled joint and the distal angled segment and

position the pigtail loop at the non-coronary cusp.

4. The catheter of claim 3, wherein in the non-coronary cusp configuration the distal
angled segment is configured to span the aortic arch from the distal angled joint proximate

the greater curvature to the pigtail joint proximate the non-coronary cusp.

Date regue/ date received 2022-02-18
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5. The catheter of claim 1, wherein the angled assembly includes a non-coronary cusp
configuration, and in the non-coronary cusp configuration the distal angled segment is
configured to span an aortic arch from a greater curvature of the aortic arch to proximate a

non-coronary cusp.

6. The catheter of claim 1, wherein the main catheter portion includes a main lumen

extending from the proximal catheter end toward the distal catheter end.

7. The catheter of claim 6, wherein the main lumen extends from the main catheter
portion into the distal angled segment, and the main lumen is in communication with at
least one fluid media hole of the fluid media holes in the distal angled segment configured

for dispensing the fluid media.

8. The catheter of claim 7, wherein the main lumen extends from the distal angled
segment into the pigtail loop, and the main lumen is in communication with at least one
fluid media hole of the fluid media holes in the pigtail loop and the distal angled segment

configured for dispensing the fluid media.

9. The catheter of claim 1, wherein the at least one fluid media hole includes a distal

end hole in the pigtail loop.

10. The catheter of claim 1, wherein the distal angled segment is 2 to 5 centimeters in
length and the second angle is between 25 to 45 degrees relative to an axis of the main

catheter portion.

11. The catheter of claim 1, wherein the pigtail loop is 10 to 20 millimeters in diameter

and the first angle is about 90 degrees relative to an axis of the main catheter portion.

12. The catheter of claim 1, wherein the third angle of the pigtail loop is between 30 to

60 degrees relative to an axis of the distal angled segment.

13. A catheter for delivering a fluid media comprising:
a main catheter portion extending from a proximal catheter end toward a distal

catheter end;

Date regue/ date received 2022-02-18
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an angled assembly coupled with the main catheter portion near the distal catheter
end, the angled assembly includes:

a distal angled segment,

a pigtail loop, and the pigtail loop includes at least one fluid media hole and the
distal angled segment includes fluid media holes,

a distal angled joint between the main catheter portion and the distal angled
segment,

a pigtail joint between the distal angled segment and the pigtail loop,

wherein the distal angled segment extends from the distal angled joint to the pigtail
joint at a segment angle relative to the main catheter portion, the segment angle imparted
by the distal angled joint, and

wherein the pigtail loop is transverse to a plane including the main catheter portion
and the distal angled segment; and

wherein the angled assembly includes a non-coronary cusp configuration, and in
the non-coronary cusp configuration the distal angled segment is configured to span an
aortic arch from the distal angled joint proximate a greater curvature of the aortic arch to

the pigtail joint proximate a non-coronary cusp.

14. The catheter of claim 13, wherein the distal angled joint is configured for
engagement along the greater curvature of the aortic arch in the non-coronary cusp

configuration.

15. The catheter of claim 13, wherein in the non-coronary cusp configuration the
pigtail joint is configured to cooperate with the distal angled joint and the distal angled

segment to position the pigtail loop at the non-coronary cusp.

16.  The catheter of claim 13, wherein the at least one fluid media hole of the pigtail

loop includes a plurality of fluid media holes.

17. The catheter of claim 13, wherein the at least one fluid media hole includes a distal

end hole of the pigtail loop.

18. The catheter of claim 13, wherein the distal angled segment is straight between the

main catheter portion and the pigtail loop.

Date regue/ date received 2022-02-18
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19. The catheter of claim 13, wherein the main catheter portion and at least one of the
distal angled segment or the pigtail loop includes a main lumen in communication with the

at least one fluid medial hole.

20.  The catheter of claim 13, wherein the distal angled segment is 2 to 5 centimeters in
length and is angled between 25 to 45 degrees relative to an axis of the main catheter

portion.

21.  The catheter of claim 13, wherein the pigtail loop is 10 to 20 millimeters in

diameter and is angled about 90 degrees relative to an axis of the main catheter portion.

22, The catheter of claim 13, wherein the pigtail loop 1s angled between 30 to 60

degrees relative to an axis of the distal angled segment.

23. The catheter of claim 13, wherein the pigtail loop is aligned along a plane.

24, A method for use with a transcatheter aortic valve replacement comprising:

navigating an angled assembly of a catheter for delivering a fluid media having a
main catheter portion to an aortic arch; and

positioning the angled assembly of the catheter in a non-coronary cusp
configuration in the aortic arch, positioning includes:

engaging a distal angled joint with a greater curvature of the aortic arch, the distal
angled joint between the main catheter portion and a distal angled segment of the angled
assembly,

positioning a pigtail loop of the angled assembly proximate a non-coronary cusp,
positioning includes biasing the pigtail loop toward the non-coronary cusp with the
engaged distal angled joint, the distal angled segment and a pigtail joint between the distal
angled segment and the pigtail loop, wherein the distal angled segment is at a second angle
relative to the main catheter portion, the second angle imparted by the distal angled joint,
and the pigtail loop is at a first angle relative to the main catheter portion and at a third
angle relative to the distal angled segment, and a plane of the pigtail loop is transverse

relative to a plane including the distal angled segment and the main catheter portion, and

10
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wherein the pigtail loop includes at least one fluid media hole and the distal angled

segment includes fluid media holes configured for dispensing a fluid media.

25. The method of claim 24, wherein positioning the angled assembly of the catheter in
5  the non-coronary cusp configuration includes spanning the aortic arch from the distal
angled joint at the greater curvature to the pigtail joint and the pigtail loop proximate the

non-coronary cusp.

26. The method of claim 24 comprising opacifying the non-coronary cusp with fluid
10  media dispensed by at least one fluid media hole in one or more of the pigtail loop or the

distal angled segment with the angled assembly in the non-coronary cusp configuration.

27. The method of claim 26, wherein the at least one fluid media hole includes a distal
end hole of the pigtail loop, and
15 opacifying the non-coronary cusp includes dispensing fluid media from the distal

end hole of the pigtail loop with the pigtail loop proximate the non-coronary cusp.

11
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