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DEVICES FOR ASSISTING WITH ADVANCEMENT OF
CATHETERS AND RELATED SYSTEMS AND METHODS

Cross-Reference to Related Application(s)

[001] This application claims the benefit under 35 U.S.C. § 119(e) to U.S. Provisional
Application 62/756,184, filed November 6, 2018 and entitled “Improved Catheter Advancement Device,”
and further claims priority as a continuation-in-part application to U.S. Application 15/499,194, filed April
27, 2017 and entitled “Devices for Assisting with Advancement of Catheters and Related Systems and
Methods,” which claims the benefit under 35 U.S.C. § 119(e) to U.S. Provisional Application 62/328,239,
filed April 27, 2016 and entitled “Devices for Assisting with Advancement of Guiding Catheters and
Related Systems and Methods,” all of which are hereby incorporated herein by reference in their

entireties.

Field

[002] The various embodiments herein relate to advancement devices for assisting with
advancement of a catheter through a blood vessel, including a tortuous or narrow blood vessel, while

reducing the risk of damaging the inner wall of the blood vessel with the distal end of the catheter.

Background

[003] A guiding catheter (or “sheath”) is a standard catheter that is generally a long tube with a
pre-determined shape. It is typically used to gain access to the vasculature - such as a coronary artery -
by advancing the catheter through the access point during an interventional procedure. The pre-
determined, typically curved shape of the catheter facilitates accessing a specific branch or other portion
of the vasculature that requires such a curvature in the catheter.

[004] One disadvantage of a pre-shaped, curved distal end of a catheter (including, but not
limited to, a guiding catheter or sheath) is that the advancement of the catheter can be impeded by the
distal end contacting and damaging the inner wall of the vessel through which the catheter is being
advanced. For example, as depicted in FIG. 1A, the pre-shaped distal end 12 of the guiding catheter 10
can potentially contact the inner wall 16 of the blood vessel 14 (at the area A as shown) as the catheter
10 is advanced distally through the vessel 14 (typically over a guidewire such as the guidewire depicted in
FIGS. 1B and 1C, which can be, for example, a .035” or .038” guidewire), thereby scraping or otherwise
causing damage to the inner wall 16. This scraping (or other damage) of the inner wall of the blood
vessel by the catheter distal end 12 is sometimes called a “razor effect.”

[005] As best shown in FIG. 1B, one standard, known technique for overcoming the “razor
effect” has been the use of a balloon catheter, such as the balloon catheter 20 as shown in the figure.
For example, in use, the balloon catheter 20 can be advanced through the inner lumen 24 of the guiding

catheter 10 (or other type of catheter or sheath), positioned such that the balloon 22 is protruding from the
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distal end of the catheter 10 such that a portion of the balloon 22 is positioned within the distal end of the
catheter 10 and a portion extends out of the distal end of the catheter 10, and then the balloon 22 is
inflated. Once the balloon 22 is inflated, the guiding catheter 10 can be advanced through the blood
vessel 14 with the balloon 22 positioned to prevent direct contact between the distal end of the catheter

10 and the inner wall 16 of the vessel 14, thereby preventing the “razor effect.” Once the catheter 10 is
advanced to the desired position, the balloon 22 is deflated and the balloon catheter 20 is withdrawn from
the guiding catheter 10 so that the guiding catheter 10 is ready for use. It is understood that any balloon
catheter discussed herein can be any known balloon catheter, including, for example, a percutaneous
transluminal coronary angioplasty (“PTCA”) balloon catheter.

[006] One disadvantage of using a balloon catheter (such as catheter 20 discussed above) to
prevent the razor effect is the cost: balloon catheters are expensive. Another disadvantage is that the
positioning of a balloon catheter at the distal end of the guiding catheter makes it difficult to inject any
contrast or other fluid through the guiding catheter and past the inflated balloon of the balloon catheter.
That is, the balloon must be deflated in order to allow for injection and then re-inflated. An additional
disadvantage is that most known balloon catheters (including most PTCA balloon catheters) require the
exchange of guidewires in the middle of the procedure. That is, most known balloon catheters in the
required size range are only compatible with .014” guidewires and thus, during the procedure described
above, the surgeon is required to remove the .035” or .038” guidewire used to insert the pre-shaped
catheter and replace it with an .014” guidewire in order to be able to introduce the known balloon
catheter.

[007] Another disadvantage relates to the use of a advancement device and the tension during
introduction of the guide catheter between the need to attach the attachment device to the guide catheter
and the need to be able to move the catheter in relation to the guidewire. That is, in use as best shown in
FIG. 1C, the guiding catheter 10 is typically positioned within the blood vessel of the patient by first
introducing a guidewire 18 and then advancing the catheter 10 over the stationary guidewire 18. To
accomplish this, the proximal valve 26 of the catheter 10 has an open configuration such that the
guidewire 18 can pass through the valve 26 while allowing the passage of as little fluid as possible (in
contrast to its closed configuration in which the valve 26 is fixedly coupled to the guidewire 18 and
creates a fluidic seal therebetween). However, it is desirable to attach an advancement device (not
shown) to the catheter 10 during advancement by closing the valve 26 to attach it to the advancement
device such that the advancement device cannot move in relation to the catheter 10 during advancement.
Thus, the need to have the catheter 10 attached to an advancement device combined with the need to
have the catheter 10 not attached to the guidewire 18 creates a complication.

[008] Thus, there is a need in the art for an improved method and device for advancing a
guiding catheter.

Brief Summary
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[009] Discussed herein are various catheter insertion or advancement devices for use in
assisting with advancement of a catheter through a blood vessel while reducing damage to the inner wall
of the blood vessel.

[010] In Example 1, a catheter advancement assistance device comprises an elongate shaft, a
capsule fixedly attached to a distal end of the elongate shaft, and an attachment tube associated with a
proximal portion of the elongate shaft. The capsule comprises a guidewire lumen defined through the
capsule, and an outer diameter substantially similar to an inner diameter of a catheter such that the
capsule is sized to be positionable through the catheter.

[011] Example 2 relates to the device according to Example 1, wherein the attachment tube
further comprises a tube body, a lumen defined within the tube body, a distal opening defined in a distal
end of the tube body, wherein the distal opening is in fluidic communication with the lumen, and a
proximal opening defined in a proximal end of the tube body, wherein the proximal opening is in fluidic
communication with the lumen.

[012] Example 3 relates to the device according to Example 1, wherein the attachment tube is
a compressible attachment tube.

[013] Example 4 relates to the device according to Example 3, wherein the compressible
attachment tube comprises an elongate opening defined along a length of the compressible attachment
tube.

[014] Example 5 relates to the device according to Example 1, wherein the capsule further
comprises a distal portion, and a neck extending proximally from the distal portion, wherein the neck has
a smaller diameter than the distal portion.

[015] Example 6 relates to the device according to Example 1, wherein the guidewire lumen
has an inner diameter that is larger than an outer diameter of a standard guidewire.

[016] Example 7 relates to the device according to Example 1, wherein the guidewire lumen is
sized to allow fluid to flow through the lumen when a standard guidewire is positioned therein.

[017] Example 8 relates to the device according to Example 1, wherein the capsule further
comprises a channel defined longitudinally along an outer surface of the capsule.

[018] Example 9 relates to the device according to Example 1, wherein the capsule further
comprises a lip formed around at least a portion of an outer circumference of the capsule.

[019] Example 10 relates to the device according to Example 9, wherein the lip comprises at
least two lip segments formed around the outer circumference of the capsule.

[020] Example 11 relates to the device according to Example 1, wherein the capsule further
comprises an expanded distal section, wherein the expanded distal segment is substantially elastic, a
non-expanded proximal section having a smaller diameter than the expanded distal section, and a lip
formed at a juncture between the expanded distal section and the non-expanded proximal section,
wherein the lip is formed around at least a portion of a circumference of the capsule.
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[021] Example 12 relates to the device according to Example 1, wherein the capsule further
comprises a substantially elastic ridge formed around at least a portion of an outer circumference of the
capsule.

[022] Example 13 relates to the device according to Example 12, wherein the substantially
elastic ridge comprises at least two substantially elastic rig segments formed around the outer
circumference of the capsule.

[023] Example 14 relates to the device according to Example 1, wherein the capsule further
comprises a slot defined in a distal end of the capsule, whereby the distal end of the capsule is
compressible.

[024] Example 15 relates to the device according to Example 1, wherein the capsule further
comprises a void defined in a portion of the capsule, whereby an area of the capsule near the void is
compressible.

[025] In Example 16, a catheter advancement assistance device comprises a push rod, a body
fixedly attached to a distal end of the push rod, and a compressible attachment tube associated with a
proximal portion of the push rod. The body comprises a distal plug portion, a proximal neck portion,
wherein the proximal neck portion has a smaller diameter than the distal plug portion, and a guidewire
lumen defined through the body.

[026] Example 17 relates to the device according to Example 16, wherein the guidewire lumen
is sized to allow fluid to flow through the lumen when a standard guidewire is positioned therein.

[027] Example 18 relates to the device according to Example 16, wherein the body further
comprises a channel defined longitudinally along an outer surface of the body.

[028] Example 19 relates to the device according to Example 16, wherein the body further
comprises a seating component formed around at least a portion of an outer circumference of the
capsule.

[029] Example 20 relates to the device according to Example 19, wherein the seating
component comprises a lip or a ridge.

[030] Example 21 relates to the device according to Example 16, wherein the compressible
attachment tube comprises an elongate opening defined along a length of the compressible attachment
tube.

[031] In Example 22, a method of assisting advancement of a catheter through a blood vessel
comprises inserting an advancement assistance device into a lumen of the catheter, the advancement
assistance device comprising an elongate shaft, a body fixedly attached to a distal end of the elongate
shaft, and an attachment tube associated with a proximal portion of the elongate shaft. The body
comprises a distal plug portion, a proximal neck portion, wherein the proximal neck portion has a smaller
diameter than the distal plug portion, and a guidewire lumen defined through the body. The method
further comprises urging the advancement assistance device distally into the lumen of the catheter until a
distal portion of the distal plug portion extends out of a distal opening in the catheter, a proximal portion of
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the distal plug portion is positioned within the lumen of the catheter, and the attachment tube is disposed
within a proximal valve of the catheter, attaching the proximal valve to the attachment tube, urging the
catheter distally into the blood vessel to a target site over a guidewire, and retracting the advancement
assistance device from the catheter.

[032] Example 23 relates to the method according to Example 22, further comprising urging the
advancement assistance device distally until the distal plug portion extends out of the distal opening,
whereby space is provided between the body and the distal opening, urging contrast solution distally
through the catheter and through the space between the body and the distal opening and into the blood
vessel, and urging the advancement assistance device proximally until the distal portion of the distal plug
portion extends out of the distal opening in the catheter and the proximal portion of the distal plug portion
is positioned within the lumen of the catheter.

[033] In Example 24, a method of assisting advancement of a catheter through a blood vessel
comprises inserting an advancement assistance device into a lumen of the catheter, the advancement
assistance device comprising an elongate shaft, a body fixedly attached to a distal end of the elongate
shaft, the body comprising a guidewire lumen defined through the body, and an attachment tube
associated with a proximal portion of the elongate shaft. The method further comprises urging the
advancement assistance device distally into the lumen of the catheter until a distal portion of the body
extends out of a distal opening in the catheter, a proximal portion of the body is positioned within the
lumen of the catheter, and the attachment tube is disposed within a proximal valve of the catheter,
attaching the proximal valve to the attachment tube, urging the catheter distally into the blood vessel to a
target site over a guidewire, and retracting the advancement assistance device from the catheter.

[034] Example 25 relates to the method according to Example 24, further comprising urging
contrast solution distally through the catheter and through the guidewire lumen and into the blood vessel.
[035] Example 26 relates to the method according to Example 24, wherein the body further
comprises a channel defined longitudinally along an outer surface of the body.

[036] Example 27 relates to the method according to Example 26, further comprising urging
contrast solution distally through the catheter and through the channel and into the blood vessel.

[037] Example 28 relates to the method according to Example 24, wherein the body further
comprises a seating component formed around at least a portion of an outer circumference of the body.
[038] Example 29 relates to the method according to Example 28, wherein the seating
component comprises a lip or a ridge.

[039] Example 30 relates to the method according to Example 28, further comprising urging the
advancement assistance device distally through the lumen of the catheter until the seating component is
urged out of the distal opening in the catheter, and urging the advancement assistance device proximally

until the seating component contacts the distal end of the catheter.
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[040] Example 31 relates to the method according to Example 24, wherein the attachment tube
is a compressible attachment tube, wherein the attaching the proximal valve to the attachment tube
causes the compression of the compressible attachment tube.

[041] While multiple embodiments are disclosed, still other embodiments of the present
invention will become apparent to those skilled in the art from the following detailed description, which
shows and describes illustrative embodiments of the invention. As will be realized, the invention is
capable of modifications in various obvious aspects, all without departing from the spirit and scope of the
present invention. Accordingly, the drawings and detailed description are to be regarded as illustrative in

nature and not restrictive.

Brief Description of the Drawings

[042] FIG. 1A is a cross-sectional view of a known catheter being advanced through a blood
vessel.

[043] FIG. 1B is a cross-sectional view of a known balloon catheter positioned within a known
catheter.

[044] FIG. 1C is a cross-sectional view of a known catheter with a proximal valve.

[045] FIG. 2 is a cross-sectional side view of a catheter advancement device positioned within

a catheter, according to one embodiment.

[046] FIG. 3A is a cross-sectional side view of a distal portion of a plug of a catheter
advancement device, according to one embodiment.

[047] FIG. 3B is a cross-sectional side view of a distal portion of a plug of a catheter
advancement device, according to another embodiment.

[048] FIG. 4 is a cross-sectional side view of a catheter advancement device having
visualization markers and positioned within a catheter, according to one embodiment.

[049] FIG. 5 is a cross-sectional side view of a catheter advancement device extending out of a
distal end of a catheter, according to one embodiment.

[050] FIG. 6 is a cross-sectional side view of a catheter advancement device positioned within
a catheter, according to another embodiment.

[051] FIG. 7A is a cross-sectional side view of a catheter advancement device positioned within
a catheter, according to a further embodiment.

[052] FIG. 7B is a cross-sectional front view of the catheter advancement device of FIG. 7A.
[053] FIG. 8 is a cross-sectional side view of a catheter advancement device positioned within
a catheter, according to yet another embodiment.

[054] FIG. 9 is a cross-sectional side view of a catheter advancement device positioned within

a catheter, according to an alternative embodiment.
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[055] FIG. 10A is a cross-sectional side view of a plug, according to another alternative
embodiment.

[056] FIG. 10B is a cross-sectional front view of the plug of FIG. 10A.

[057] FIG. 11A is a cross-sectional side view of a plug, according to another alternative
embodiment.

[058] FIG. 11B is a further cross-section side view of the plug of FIG. 11A.

[059] FIG. 12 is a cross-sectional side view of a method of making a catheter advancement

device, according to one embodiment.

[060] FIG. 13A is a cross-sectional side view of a catheter advancement device having an
attachment tube, according to one embodiment.

[061] FIG. 13B is a cross-sectional side view of the catheter advancement device of FIG. 13A
disposed within a guiding catheter, according to one embodiment.

[062] FIG. 14 is an expanded side view of an attachment tube on a catheter advancement
device, according to one embodiment.

[063] FIG. 15A is an expanded side view of another attachment tube on a catheter
advancement device, according to a further embodiment.

[064] FIG. 15B is a cross-sectional view along the longitudinal axis of the attachment tube of
FIG. 15A, according to one embodiment.

[065] FIG. 16 is a cross-sectional side view of another catheter advancement device having an

attachment tube disposed within a guiding catheter, according to another embodiment.

Detailed Description

[066] The various embodiments disclosed or contemplated herein relate to catheter assertion
or advancement devices and related methods for assisting in the advancement of a cardiovascular
catheter through a blood vessel, including, for example, a cardiovascular guiding catheter or sheath with
a curved shape, while reducing or eliminating the risk of damage to the blood vessel inner wall. The
various embodiments include a distal capsule and a push rod attached thereto. Alternative embodiments
include an attachment tube disposed at a proximal end of the push rod.

[067] FIG. 2 depicts, according to one embodiment, a catheter advancement device 30 (also
referred to as an ‘“insertion device,” a “catheter insertion device,” or an “advancement device”) for
assisting with or use in advancing a catheter, such as, for example, a guiding catheter. The device 30
has a capsule (also referred to herein as a “body” or “insertion body”) 32 with a partially rounded distal
end 33 and a push rod (also referred to herein as an “elongate component”) 34 coupled thereto. The
capsule 32 has a lumen 36 defined therethrough that is configured to allow for passage of a guidewire 38
therethrough as shown. The push rod 34 is embedded in or otherwise fixedly coupled to the capsule 32
such that appropriate forces can be applied at the proximal end of the push rod 34 by a user (such as a

surgeon or medical professional) to urge the capsule 32 distally or proximally during use.
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[068] In use as shown in the figure, the distal end of the capsule insertion device 30 can be
advanced through the inner lumen 42 of a guiding catheter 40 (by a user holding the proximal end of the
rod 34) and positioned such that the capsule 32 is protruding from the distal end of the catheter 40. In
this position, a portion of the capsule 32 is positioned within the distal end of the catheter 40 and a portion
extends out of the distal end of the catheter 40. At this point, the user locks the device 30 into position in
relation to the catheter 40. That is, according to one embodiment, the user attaches the proximal end of
the rod 34 to the catheter 40 in any known fashion. For example, in one specific implementation, a
known locking mechanism at the proximal end of the catheter 40 (such as a Tuohy-Borst adapter, for
example) is used to lock the device 30 to the catheter 40. Alternatively, the locking mechanism can be a
proximal valve similar to the proximal valve 26 discussed above in the Background. As such, the
advancement device 30 is locked or otherwise attached to the catheter 40 such that the device cannot
move translationally in relation to the catheter 40. Once the capsule 32 is positioned as shown (and, in
some cases, the device 30 is locked in place), the guiding catheter 40 can be advanced through a blood
vessel with the capsule 32 positioned to prevent direct contact between the distal end of the catheter 40

and the inner wall of the vessel, thereby preventing the “razor effect.” Once the catheter 40 is advanced
to the desired position, the capsule catheter 30 is withdrawn from the guiding catheter 40 by a user
pulling the push rod 34 in the proximal direction so that the guiding catheter 40 is ready for use.

[069] The capsule body 32 can be a solid body with a lumen 36 defined therethrough as
shown. Alternatively, in the various embodiments disclosed or contemplated herein, the capsule (such as
capsule 32) can be any component or body that can be inserted through a guiding catheter and
positioned to reduce or eliminate the razor effect. According to some embodiments, the capsule is non-
inflatable. In certain implementations, the capsule has a substantially cylindrical shape. Alternatively, the
capsule can have any known shape that allows it to be advanced through a catheter and positioned out of
the distal end thereof as described herein.

[070] In certain embodiments, the outer diameter of the body 32 can vary or have specific
features as described herein depending on the desired functionality of the body 32. In this specific
implementation, the capsule 32 has a larger distal portion (also referred to herein as a “plug,” “distal plug,”
or “distal body”) 44 and a smaller proximal portion (also referred to as a “neck,” or “tail’) 46. The distal
body 44 has a larger diameter than the neck 46. In the embodiment as shown, the capsule 32 is a single
integral body 32 having the larger distal portion 44 and the smaller proximal portion 46 as shown.
Alternatively, the capsule 32 can have two separate portions coupled together: the first larger distal
portion 44 and the second smaller proximal portion 46 attached thereto.

[071] In one embodiment, the capsule 32 has an outer diameter ranging from about .05 inches
to about .3 inches. Alternatively, the outer diameter ranges from about .065 inches to about .105 inches.
In a further implementation, the capsule 32 has an outer diameter that fits snugly within (makes contact
with the inner wall of) any cardiovascular guiding catheter, such as, for example, the Medtronic

Launcher™ or Cordis VistaBrite™ 5 French to 8 French guiding catheters. Further, the capsule 32 can
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be sized to fit snugly within any guiding catheter having any size ranging from about 4 French to about 22
French. It is understood that the “snug” fitting in this embodiment and in any other capsule embodiment
disclosed or contemplated herein is a fitting of the capsule (such as capsule 32) within the catheter such
that the outer surface of the capsule makes sufficient contact with the inner wall of the catheter to prevent
passage of fluid therebetween.

[072] In one embodiment, any capsule embodiment disclosed or contemplated herein (such as
capsule 32) is made of a polymeric material. For example, the capsule can be made of polyethylene,
Pebax, Nylon, polyester, or any other polymeric material or combination thereof. Alternatively, the
capsule can also be made of metal or any other known material that can be used for medical devices. In
a further implementation, the capsule (such as capsule 32) can be made of two or more materials. More
specifically, in certain embodiments, the capsule can be made of two or more materials having differing
stiffness and/or flexibility such that one portion of the capsule (such as the distal end, for example) is
stiffer, more rigid, and/or less flexible than another portion. In other words, the two or more materials can
be used to create a capsule that has stiffness, rigidity, or flexibility that varies along the length of the
capsule.

[073] Further, any capsule embodiment disclosed or contemplated herein (such as capsule 32)
can also have a coating disposed on the outer surface of the capsule to increase the lubricity of the
capsule. In certain implementations, the coating can be hydrophilic or hydrophobic.

[074] According to any embodiment disclosed or contemplated herein, the push rod (such as
push rod 34) can be made of metal. Alternatively, the push rod can be made of any known material that
can be used to make an elongate component with sufficient column strength such that the component
can be used to advance a capsule through the lumen of a guiding catheter while also having some
flexibility. It is understood that the push rod (also referred to as a “proximal elongate member” or “control
rod” or “manipulation rod”) in any embodiment herein can be any elongate component that is coupled to
the proximal end of the capsule and can withstand the forces necessary for a user to urge the rod distally
or proximally to move the capsule through a guiding catheter as described herein. In certain alternative
implementations, the push rod can be integral with the capsule. Further, various embodiments include a
push rod and capsule formed together of the same materials such that the push rod is integral with the
capsule.

[075] It is understood that the capsule (such as capsule 32) can take a variety of shapes, so
long as the capsule can be positioned out of the distal end of a guiding catheter as described herein and
help with advancement thereof through a blood vessel. For example, capsule 50 as best shown in FIG.
3A according to one embodiment has a tapered distal end 52, while capsule 54 as best shown in FIG. 3B
in accordance with another implementation has a rounded distal end 56. According to further
alternatives, the capsule can have a distal end with an angled shape, a spherical shape, or any other
known shape that helps to advance the guiding catheter when the capsule is positioned out of the distal

end of the guiding catheter.
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[076] In certain implementations, any advancement device disclosed or contemplated herein
can have at least one visualization marker disposed on the device. One exemplary embodiment is
depicted in FIG. 4, in which the capsule insertion device 60 has two visualization markers 64A, 64B. The
first visualization marker 64A is disposed at or near the distal end of the distal plug 62A of the capsule 62,
while the second marker 64B is disposed on the neck 62B of the capsule 62. Alternatively, any device
embodiment can have one marker or three or more markers. It is understood that the markers 64A, 64B
(and any markers incorporated into any capsule insertion device embodiment as disclosed or
contemplated herein) can be radiopaque markers. Alternatively, the markers (such as markers 64A, 64B)
can be made of any known material for a visualization marker. The markers 64A, 64B - and any such
markers used in any embodiment herein - can be used to assist a user with positioning the capsule
insertion device 60.

[077] In use, it is often necessary or helpful to inject contrast solution through the lumen of a
guiding catheter and into the vasculature of the patient to assist with placement of the guiding catheter.
As discussed above, if a known balloon catheter is being used to assist with advancement of the guiding
catheter, the process for injecting the contrast solution is complicated by the presence of the balloon,
which must be deflated in order to inject the solution. However, as best shown in FIGS. 5-7B, various
embodiments of the capsule device disclosed or contemplated herein eliminate those complications.
[078] For example, in one implementation as shown in FIG. 5, the catheter advancement
device 80 has a capsule 82 with a distal body 82A and a neck 82B similar or identical to the capsule 32
described above. To inject contrast solution after the capsule 82 has been positioned at the distal end of
the guiding catheter 84 (for advancing the catheter 84 through the vasculature as described above), the
capsule device 80 is urged distally (by a user urging the proximal end of the push rod 90 distally) such
that the body 82A of the capsule 82 is urged distally out of the lumen 86 of the guiding catheter 84 as
shown in FIG. 5. More specifically, the capsule 82 is urged distally until the body 82A is urged out of the
lumen 86 such that space is created between the opening 88 of the guiding catheter 84 and the body
82A, thereby making it possible for contrast to exit from the opening 88 as represented by arrows A. In
certain implementations such as that shown in FIG. 5, the capsule 82 need not be urged distally so far
that the neck 82B also exits the lumen 86. Instead, the smaller diameter of the neck 82B allows for
sufficient space between the neck 82B and the opening 88 to allow for contrast to exit the lumen 86.
[079] In an altemative embodiment, as shown in FIG. 6, the capsule 102 need not be advanced
distally out of the lumen 110 of the guiding catheter 108. More specifically, one implementation of a
capsule device 100 has a capsule 102 with a lumen 104 defined therein that has a larger inner diameter
than is necessary to accommodate solely a guide wire 106. As such, the lumen 104 has a sufficient inner
diameter to provide space for the guide wire 106 while also having sufficient additional space to allow for
contrast solution to flow distally out of the guiding catheter 108 through the capsule lumen 104 and into
the vasculature as represented by arrows B. In one embodiment, the inner diameter of the lumen 104

ranges from about .01 inches to about .05 inches. Alternatively, the inner diameter ranges from about .02
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inches to about .04 inches. In a further implementation, the inner diameter of the lumen 104 is sufficiently
large to receive a guidewire of any size ranging from .01 inches to .04 inches and still has at least a .004
inch diameter of space between the guidewire and the inner wall of the lumen 104.

[080] In use, once the capsule device 100 is positioned at the distal end of the guiding catheter
108 such that the capsule 102 is positioned as desired for advancing the catheter 108, the capsule 102
need not be moved in order to inject the contrast solution. Instead, the capsule 102 can remain in place
while the contrast solution flows distally through the lumen 110 of the guiding catheter 108 and through
the lumen 104 of the capsule 102 and out into the vasculature.

[081] Another configuration as depicted in FIGS. 7A and 7B also allows for contrast solution
injection without moving the capsule device. In this implementation, the capsule device 120 has a
capsule 122 with a channel (also referred to as a “slot” or “trough”) 126 defined longitudinally along the
outer surface 124 of the capsule 122 (as best shown in FIG. 7B). As such, the channel 126 defines a
space between the capsule 122 and the inner surface of the lumen 130 of the guiding catheter 128
through which contrast solution can flow distally out into the vasculature as represented by arrows C. In
one embodiment, the channel 126 has an inner diameter ranging from about .002 inches to about .02
inches. Alternatively, the inner diameter ranges from about .004 inches to about .008 inches. In use,
once the capsule device 120 is positioned at the distal end of the guiding catheter 128 such that the
capsule 122 is positioned as desired for advancing the catheter 128, the capsule 122 need not be moved
in order to inject the contrast solution. Instead, the capsule 122 can remain in place while the contrast
solution flows distally through the lumen 130 of the guiding catheter 128 and through the channel 126 of
the capsule 122 and out into the vasculature. It is understood that, according to various alternatives, the
channel 126 can be any feature or configuration on the capsule 122 or the outer surface 124 thereof that
allows fluid flow between the capsule 122 and the inner wall of the lumen 130.

[082] Both the larger lumen 104 of the capsule device 100 embodiment and the channel 126 of
the capsule device 120 implementation make it easy for a user to inject contrast solution, as discussed
above. In addition, these two embodiments can also assist with limiting contrast fluid use. Injection of
excess contrast fluid into the vasculature of a patient during an interventional procedure can cause health
issues for the patient, including contrast-induced nephropathy. The lumen 104 of a predetermined
diameter in the device 100 embodiment or the channel 126 of a predetermined depth or diameter in the
device 120 embodiment both provide mechanisms for injecting solution in known, more limited amounts
than those injected when using a balloon catheter as described above.

[083] In certain alternative implementations, another capsule is provided - for use with any of
the capsule device embodiments disclosed or contemplated herein - that has a seating component
defined or disposed around an outer surface of the capsule that can assist with positioning the capsule in
relation to the guiding catheter during use and further can create a smoother or more streamlined
transition from the outer surface of the capsule to the outer surface of the guiding catheter in which the

capsule is positioned. It is understood that any of the seating components disclosed or contemplated
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herein can be defined or disposed around the entire 360 degree circumference of the capsule.
Alternatively, any such components can be defined or disposed around only a portion of the
circumference of the capsule. In a further embodiment, any such seating component can be defined or
disposed intermittently around the circumference of the capsule such that there are two or more seating
components disposed or defined thereon such that they are positioned at different locations along and
around the circumference thereof.

[084] One example of such a capsule is depicted in FIG. 8, which shows one embodiment of a
capsule 140 having a seating component (or “seating feature”) 144. In this specific example, the seating
component 144 is a lip 144 created by the capsule 140 having an expanded section 142 (which is a
portion of the capsule 140 that has an increased diameter in comparison to the rest of the capsule 140).
That is, the lip 144 is formed at the juncture of the expanded section 142 and the non-expanded section
of the capsule 140. As discussed above, the lip 144 can extend around the entire circumference, can
extend around a portion of the circumference, or can constitute two or more lips 144 that are disposed or
defined intermittently around the circumference. In one embodiment, the expanded section 142 is a
portion of the body 148 of the capsule 140. Alternatively, the expanded section 142 can be the body itself
(not shown), and the transition from the body (not shown) to the neck (not shown) constitutes the seating
component. The expanded section 142 has an outer diameter that is substantially similar to or the same
as the outer diameter of the guiding catheter 146. In certain embodiments, the expanded section 142 or
the entire capsule 140 has sufficient elasticity to allow for deformation of the expanded section 142 such
that the capsule 140 can be advanced through the guiding catheter 146 despite the expanded section
142 having an outer diameter that is larger than the inner diameter of the guiding catheter 146 lumen.
Regardless of the specific embodiment of the capsule with the seating component (such as seating
component 144), it is understood that the capsule 140 has at least a portion of its outer surface that fits
snugly within the catheter as described elsewhere herein such that no fluid can pass between the outer
surface of the capsule 140 and the inner surface of the catheter.

[085] In use, the capsule 140 is advanced distally through the guiding catheter 146 and
positioned out of the distal opening 150 of the guiding catheter 146 according the same procedure used
for all the capsule device embodiments herein. As mentioned above, the capsule 140 has an expanded
section 142 that has elastic characteristics that allow for the section 142 to deform sufficiently as the
capsule 140 is advanced through the guiding catheter to allow for passage of the capsule 140 despite the
expanded section 142 having a greater diameter than the inner diameter of the lumen of the guiding
catheter 146. As the expanded section 142 of the capsule 140 is urged out of the opening 150 at the
distal end of the guiding catheter 146, the expanded section 142 expands back to its natural diameter,
thereby causing formation of the lip 114. The user can then urge the capsule 140 back in a proximal
direction - via the push rod (not shown) - until the lip 114 is in contact with the guiding catheter 146,
thereby confirming for the user via increased resistance that the capsule 140 is in the desired position in

relation to the guiding catheter 146. It is understood that the user must be aware that she or he cannot

-12-



WO 2020/096945 PCT/US2019/059629

use so much force that the expanded section 142 deforms and the capsule 140 is urged proximally past
the desired capsule 140 position. Once the capsule 140 is positioned as desired, it can be seen in FIG. 8
that the expanded section 142 has a diameter that is substantially similar to the outer diameter of the
guiding catheter 146, thereby reducing the risk of the distal end of the guiding catheter 146 making
contact with an inner wall of a blood vessel wall during advancement of the guiding catheter 146. Once
the capsule 140 is positioned, the user then advances the guiding catheter 146 via the push rod (not
shown).

[086] Another example of a capsule with a seating component is depicted in FIG. 9, which
shows a capsule 160 having a seating component 162. In this specific example, the seating component
162 is a ridge 162 formed or disposed on the outer surface of the capsule 160. As discussed above, the
ridge 162 can extend around the entire circumference, can extend around a portion of the circumference,
or can constitute two or more ridges 162 that are disposed or defined intermittently around the
circumference. The ridge 162 has an outer diameter that is substantially similar to or the same as the
outer diameter of the guiding catheter 164. In certain embodiments, the ridge 162 or the entire capsule
160 has sufficient elasticity to allow for deformation of the ridge 162 such that the capsule 160 can be
advanced through the guiding catheter 164 despite the ridge 162 having an outer diameter that is larger
than the inner diameter of the guiding catheter 164 lumen. As with all capsule implementations herein,
regardless of the specific embodiment of the capsule with the seating component (such as seating
component 162), it is understood that the capsule 160 has at least a portion of its outer surface that fits
snugly within the catheter as described elsewhere herein such that no fluid can pass between the outer
surface of the capsule 160 and the inner surface of the catheter.

[087] In use, the capsule 160 is advanced distally through the guiding catheter 164 and
positioned out of the distal opening 166 of the guiding catheter 164 according the same procedure used
for all the capsule device embodiments herein. As mentioned above, the ridge 162 on the capsule 160
has elastic characteristics that allow for the ridge 162 to deform sufficiently as the capsule 160 is
advanced through the guiding catheter 164 to allow for passage of the capsule 160 despite the ridge 162
having a greater diameter than the inner diameter of the lumen of the guiding catheter 164. As the ridge
162 of the capsule 160 is urged out of the opening 166 at the distal end of the guiding catheter 164, the
ridge 162 expands back to its natural diameter. The user can then urge the capsule 160 back in a
proximal direction until the ridge 162 is in contact with the guiding catheter 164, thereby confirming that
the capsule 160 is in the desired position in relation to the guiding catheter 164. It is understood that the
user must be aware that the user cannot use so much force that the ridge 162 deforms and the capsule
160 is urged proximally past the desired capsule 160 position. Once the capsule 160 is positioned as
desired, it can be seen in FIG. 9 that the ridge 162 has a diameter that is substantially similar to the outer
diameter of the guiding catheter 164, thereby reducing the risk of the distal end of the guiding catheter
164 making contact with an inner wall of a blood vessel wall during advancement of the guiding catheter
164. Once the capsule 160 is positioned, the user then advances the guiding catheter 164.

13-



WO 2020/096945 PCT/US2019/059629

[088] In certain implementations in which the capsule has a seating component (such as the
seating components 144, 162 described above, for example) or similar feature, the deformation or partial
collapse of the capsule makes it possible for the capsule to advance through the guiding catheter as
discussed above. In one exemplary embodiment as shown in FIGS. 10A and 10B, instead of the capsule
having elasticity as described above, a capsule 180 is provided that is a deformable or collapsible
capsule 180. That is, the capsule 180 has a slot 182 defined in the distal end of the capsule 180 along
the length of the capsule 180 that also has a seating component 184 (similar to one of the seating
components 144, 162 described above). In use, the slot 182 allows for the capsule 180 to be deformed
or have a smaller diameter as it is advanced through a guiding catheter, similar to the use of the capsules
140, 160 discussed above.

[089] In another embodiment, a capsule 190 is provided that is collapsible or deformable as a
result of an opening 192 defined at a distal portion of the capsule along the length of the capsule 190 that
also has a seating component 194. In use, the opening 192 allows for the capsule 190 to be deformed or
have a smaller diameter as it is advanced through a guiding catheter, similar to the use of the capsules
140, 160 discussed above.

[090] As discussed above, it is understood that the seating components 184, 194 described
above with respect to FIGS. 10A-11B can extend around the entire circumference, can extend around a
portion of the circumference, or can constitute two or more such components that are disposed or defined
intermittently around the circumference.

[091] The various catheter insertion device embodiments disclosed or contemplated herein can
be made in any number of known ways. In one embodiment as shown in FIG. 12, a capsule 200 can be
formed using an injection molding process. In this process, the starting point is an inner tube 202, with
the capsule 200 being injection molded over the inner tube 202. In certain implementations in which the
capsule 200 has two marker bands 204A, 204B, the marker bands 204A, 204B are disposed over the
inner tube 202 before the capsule 200 is injected molded thereon such that the material for the capsule
200 is injection molded onto the marker bands 204A, 204B, thereby resulting in the marker bands 204A,
204B being embedded in the capsule 200. Further, the push rod 206 can be embedded in the capsule
200 in a similar fashion. That is, the push rod 206 can be positioned along the inner tube 202 such that
injection molding of the capsule 200 results in the push rod 206 being embedded therein.

[092] Other advancement device implementations include an attachment tube disposed at a
proximal end of the push rod to allow for attaching the advancement device to the guiding catheter while
the catheter can be advanced over a guidewire.

[093] For example, FIG. 13A depicts, according to one embodiment, another catheter
advancement device 220 for assisting with or use in advancing a catheter, such as, for example, a
cardiovascular guiding catheter. As with the other advancement device embodiments disclosed herein,
the device 220 has a capsule 222 and a push rod (also referred to herein as an “elongate component”)

224 coupled thereto. The capsule 222 can have a lumen 226 defined therethrough that is configured to
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allow for passage of a guidewire (not shown) therethrough. The various components of the device 220
are substantially similar to the various components described in the other device embodiments above and
can incorporate any of the various alternative components and/or features thereof.

[094] In addition, the push rod 224 in this implementation has an attachment tube (also referred
to as a “coupling tube”) 228 attached at a proximal end of the push rod 224 as shown such that a catheter
valve (including any known valve on any known catheter as discussed elsewhere herein) can attach to
the attachment tube 228 as desired and a guidewire can be moveably disposed therethrough. That is,
the attachment tube 228 defines a lumen 230 disposed through the tube 228 as shown that is sized to
slidably receive a guidewire.

[095] In one embodiment, the lumen 274 in the tube 270 (or any lumen of any attachment tube
disclosed or contemplated herein) has an inner diameter ranging from about .008 inches to about .040
inches. Alternatively, the inner diameter ranges from about .014 inches to about .030 inches. In a further
alternative, the tube 270 is sized such that the lumen 274 can receive any known cardiovascular
guidewire ranging in size from about .01 inches to about .04 inches.

[096] In use, as best shown in FIG. 13B, according to one implementation, the advancement
device 220 can be disposed in a catheter 232. The known catheter 232 has a known proximal valve 234,
which is a Toughy-borst valve or any known sealable valve. It is understood that the catheter 232 can be
any known cardiovascular catheter as discussed elsewhere herein. The attachment tube 228 is disposed
along the length of the push rod 224 such that when the device 220 is disposed within the catheter 232 as
shown with the capsule 222 extending partially out of the distal end of the catheter 232, the attachment
tube 228 is disposed through the valve 234 of the catheter 232 (similar to valve 26 discussed above).
Further, the attachment tube 228 can receive a guidewire 236 in the lumen 230 of the attachment tube
228 when the catheter 232 and advancement device 220 are disposed over the guidewire 236 as shown.
As a result, the valve 234 of the catheter 232 can be removably coupled to the attachment tube 228 (via
any known mechanism that such a valve 234 is attached to a device disposed therethrough) such that the
advancement device 220 is attached to the catheter 232 and thus both are advanced together (such that
the advancement device 220 does not move axially in relation to the catheter 232) while the guidewire
236 can be slidably disposed through the lumen 230 of the tube 228 such that the catheter 232 and
device 220 can be moved in relation to the guidewire 236. In other words, the attachment tube 228
makes it possible for the advancement device 220 to be attached to the catheter 232 via the coupling of
the catheter valve 234 to the tube 228 while the valve 234 is not attached to the guidewire 236 (because
the guidewire 236 is slidably disposed through the tube 228).

[097] One specific embodiment of an attachment tube 250 that can be incorporated into any
advancement device as disclosed or contemplated herein is depicted in FIG. 14, in accordance with one
implementation. The tube 250 is coupled to a proximal end of a push rod 256 and has an elongate
tubular body 252 that defines a lumen 254 as shown. The tubular body 252 has a distal opening 258 and

a proximal opening 260, both of which are in fluidic communication with the lumen 254. In this
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implementation, the tubular body 252 is a substantially unitary body 252 having no substantial openings
along the length of the body 252. As with the other attachment tube embodiments disclosed or
contemplated herein, the tubular body 252 is configured to be disposed through a catheter valve (such as
valve 234 discussed above) such that the valve can be attached to the body 252.

[098] Another embodiment of an attachment tube 270 that can be incorporated into any
advancement device as disclosed or contemplated herein is depicted in FIGS. 15A and 15B. The tube
270 is coupled to a push rod 276 and has substantially the same features and characteristics as the tube
250 discussed above, and thus the description of the similar components and features above apply
equally to this tube 270 embodiment as well, except as described herein. Additionally, in this specific
implementation, the tube 270 is a compressible tube 270. The specific compressible tube 270
embodiment as shown has an elongate opening 282 defined along at least a portion of the length of the
body 272. More specifically, in the specific embodiment depicted in FIGS. 15A and 15B, the elongate
opening 282 is a slot 282 that extends along the entire length of the body 272 from the distal opening 278
to the proximal opening 280. The tubular body 272 and slot 282 are configured such that the body 272
can be disposed through a catheter valve (such as valve 234 discussed above) such that when the valve
is clamped down on the tubular body 272, the body 272 is compressed as a result of the slot 282 being
collapsed by the valve such that the two opposing sides of the body 272 that define the slot 282 are urged
toward each other.

[099] In one embodiment, the slot 282 has a width that ranges from about .004 inches to about
.03 inches. Alternatively, the slot 282 has a width ranging from about .01 inches to about .02 inches. In a
further embodiment, the slot 282 is gap in the circumference of the body 272 such that the gap
constitutes a percentage of the total circumference of the body 272 ranging from about 4 percent to about
25 percent. Regardless of the size of the slot 282, it is understood that the terms “attachment tube” and
“tube” are intended herein to encompass any tubular structure having any sized slot, gap, slit, or opening
defined therein, including a tubular structure having a gap that constitutes as much as 25 percent of the
circumference of the structure.

[0100] Alternatively, instead of extending along the entire length of the body 272, the slot 282
can extend along a portion of the length of the body 272. In a further embodiment, the opening 282 can
be any opening of any shape or configuration that allows for compression of the tubular body 272 when
the valve (such as valve 234, for example) is clamped down thereon. According to another
implementation, any opening 282 extending along the entire length of the body 272 can not only provide
compressive qualities to the body 272, but can also assist with positioning a guidewire (such as guidewire
284 as discussed below) into the lumen 274 of the tube 270 via the opening 282. That is, rather than
having to thread a guidewire into one of the openings 278, 280 and thereby through the entire length of
the lumen 274, a user can insert the guidewire into the lumen 274 through the opening 282.

[0101] Regardless of the exact size, shape, and configuration of the opening 282, the body 272

of the compressible tube 270 has some degree of compliance that allows for the body 272 to be
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compressed such that the lumen 274 defined therein is reduced in size (or inner diameter) as a result of
the compression. Thus, as best shown in FIG. 15B, the lumen 274 in the uncompressed state has
sufficient size such that there is space between the inner wall of the lumen 274 and the guidewire 284.
As such, the body 272 can be compressed by some amount such that the inner diameter of the lumen
274 is reduced while still providing sufficient space between the inner wall of the lumen 274 and the
guidewire 284 such that the guidewire 284 can still move axially in relation to the body 272 while
minimizing the amount of blood loss through the lumen 274 by minimizing the space between the inner
wall of the lumen 274 and the guidewire 284.

[0102] In another alternative embodiment, the tube 270 and any other compressible tube
embodiment as disclosed or contemplated herein can have any structure or feature that provides or
allows for compression of the tube 270.

[0103] In accordance with another embodiment as depicted in FIG. 16, the advancement device
300 has an attachment tube 302 with a blocking protrusion 304 extending from a proximal end thereof. In
this implementation, the blocking protrusion 304 is a disk 304 disposed at or near the proximal end of the
tube 302. Alternatively, the blocking protrusion 304 can be a lip, a rim, or any other known structural
feature or component that forms a radial protrusion or extension that is disposed at a proximal end of the
attachment tube 302 and has an outer diameter or dimension that is greater than the inner diameter of
the valve 308 of the catheter 306, thereby preventing the blocking protrusion 304 from passing into or
through the valve 308. As such, the blocking protrusion 304 can be incorporated into the attachment tube
302 such that the advancement device 300 cannot be inadvertently advanced distally so far that the
attachment tube 302 passes through the valve 308.

[0104] It is understood that any of the attachment tube embodiments disclosed or contemplated
herein can be incorporated into any of the advancement devices disclosed or contemplated herein.
[0105] Alternatively, the various methods and devices disclosed or contemplated herein can be
used to assist in the advancement of any type of catheter, pre-shaped or otherwise. It is understood that
while many of the exemplary embodiments disclosed herein discuss cardiovascular guiding catheters, the
various device implementations disclosed or contemplated herein can be used with any guiding, delivery,
or other type of catheter or sheath.

[0106] Although the various implementations have been described with reference to preferred
embodiments, persons skilled in the art will recognize that changes may be made in form and detail

without departing from the spirit and scope thereof.
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Claims
What is claimed is:
1. A catheter advancement assistance device, the device comprising:

(@ an elongate shaft;

(b) a capsule fixedly attached to a distal end of the elongate shaft, the capsule
comprising:
0] a guidewire lumen defined through the capsule;
(i) an outer diameter substantially similar to an inner diameter of a catheter

such that the capsule is sized to be positionable through the catheter;

and
©) an attachment tube associated with a proximal portion of the elongate shaft.
2. The device of claim 1, wherein the attachment tube further comprises:

(@ a tube body;

(b) a lumen defined within the tube body;

©) a distal opening defined in a distal end of the tube body, wherein the distal
opening is in fluidic communication with the lumen; and

(d) a proximal opening defined in a proximal end of the tube body, wherein the

proximal opening is in fluidic communication with the lumen.

3. The device of claim 1, wherein the attachment tube is a compressible attachment tube.

4, The device of claim 3, wherein the compressible attachment tube comprises an elongate
opening defined along a length of the compressible attachment tube.

5. The device of claim 1, wherein the capsule further comprises:
(@ a distal portion; and
(b) a neck extending proximally from the distal portion, wherein the neck has a

smaller diameter than the distal portion.

6. The device of claim 1, wherein the guidewire lumen has an inner diameter that is larger
than an outer diameter of a standard guidewire.

7. The device of claim 1, wherein the guidewire lumen is sized to allow fluid to flow through
the lumen when a standard guidewire is positioned therein.
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8. The device of claim 1, wherein the capsule further comprises a channel defined

longitudinally along an outer surface of the capsule.

9. The device of claim 1, wherein the capsule further comprises a lip formed around at least

a portion of an outer circumference of the capsule.

10. The device of claim 9, wherein the lip comprises at least two lip segments formed around

the outer circumference of the capsule.

11. The device of claim 1, wherein the capsule further comprises:
(@ an expanded distal section, wherein the expanded distal segment is substantially
elastic;
(b) a non-expanded proximal section having a smaller diameter than the expanded

distal section; and
©) a lip formed at a juncture between the expanded distal section and the non-
expanded proximal section, wherein the lip is formed around at least a portion of

a circumference of the capsule.

12. The device of claim 1, wherein the capsule further comprises a substantially elastic ridge

formed around at least a portion of an outer circumference of the capsule.

13. The device of claim 12, wherein the substantially elastic ridge comprises at least two

substantially elastic rig segments formed around the outer circumference of the capsule.

14. The device of claim 1, wherein the capsule further comprises a slot defined in a distal end

of the capsule, whereby the distal end of the capsule is compressible.

15. The device of claim 1, wherein the capsule further comprises a void defined in a portion

of the capsule, whereby an area of the capsule near the void is compressible.

16. A catheter advancement assistance device, the device comprising:
(@ a push rod;
(b) a body fixedly attached to a distal end of the push rod, the body comprising:
0] a distal plug portion;
(i) a proximal neck portion, wherein the proximal neck portion has a smaller

diameter than the distal plug portion; and
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(iii) a guidewire lumen defined through the body; and
©) a compressible attachment tube associated with a proximal portion of the push
rod.
17. The device of claim 16, wherein the guidewire lumen is sized to allow fluid to flow through

the lumen when a standard guidewire is positioned therein.

18. The device of claim 16, wherein the body further comprises a channel defined
longitudinally along an outer surface of the body.

19. The device of claim 16, wherein the body further comprises a seating component formed
around at least a portion of an outer circumference of the capsule.

20. The device of claim 19, wherein the seating component comprises a lip or a ridge.

21. The device of claim 16, wherein the compressible attachment tube comprises an
elongate opening defined along a length of the compressible attachment tube.

22. A method of assisting advancement of a catheter through a blood vessel, the method
comprising:
inserting an advancement assistance device into a lumen of the catheter, the
advancement assistance device comprising:
(@ an elongate shaft;
(b) a body fixedly attached to a distal end of the elongate shaft, the body
comprising:
0] a distal plug portion;
(i) a proximal neck portion, wherein the proximal neck portion has a
smaller diameter than the distal plug portion; and
(iii) a guidewire lumen defined through the body; and
©) an attachment tube associated with a proximal portion of the elongate
shaft;
urging the advancement assistance device distally into the lumen of the catheter until a
distal portion of the distal plug portion extends out of a distal opening in the
catheter, a proximal portion of the distal plug portion is positioned within the
lumen of the catheter, and the attachment tube is disposed within a proximal
valve of the catheter;
attaching the proximal valve to the attachment tube;
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urging the catheter distally into the blood vessel to a target site over a guidewire; and

retracting the advancement assistance device from the catheter.

23. The method of claim 22, further comprising:

urging the advancement assistance device distally until the distal plug portion extends out
of the distal opening, whereby space is provided between the body and the distal
opening;

urging contrast solution distally through the catheter and through the space between the
body and the distal opening and into the blood vessel; and

urging the advancement assistance device proximally until the distal portion of the distal
plug portion extends out of the distal opening in the catheter and the proximal

portion of the distal plug portion is positioned within the lumen of the catheter.

24, A method of assisting advancement of a catheter through a blood vessel, the method
comprising:
inserting an advancement assistance device into a lumen of the catheter, the
advancement assistance device comprising:
(@ an elongate shaft;
(b) a body fixedly attached to a distal end of the elongate shaft, the body
comprising a guidewire lumen defined through the body; and
©) an attachment tube associated with a proximal portion of the elongate
shaft
urging the advancement assistance device distally into the lumen of the catheter until a
distal portion of the body extends out of a distal opening in the catheter, a
proximal portion of the body is positioned within the lumen of the catheter, and
the attachment tube is disposed within a proximal valve of the catheter;
attaching the proximal valve to the attachment tube;
urging the catheter distally into the blood vessel to a target site over a guidewire; and
retracting the advancement assistance device from the catheter.

25. The method of claim 24, further comprising urging contrast solution distally through the

catheter and through the guidewire lumen and into the blood vessel.

26. The method of claim 24, wherein the body further comprises a channel defined

longitudinally along an outer surface of the body.
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27. The method of claim 26, further comprising urging contrast solution distally through the

catheter and through the channel and into the blood vessel.

28. The method of claim 24, wherein the body further comprises a seating component formed

around at least a portion of an outer circumference of the body.

29. The method of claim 28, wherein the seating component comprises a lip or a ridge.

30. The method of claim 28, further comprising:
urging the advancement assistance device distally through the lumen of the catheter until
the seating component is urged out of the distal opening in the catheter; and
urging the advancement assistance device proximally until the seating component
contacts the distal end of the catheter.

31. The method of claim 24, wherein the attachment tube is a compressible attachment tube,

wherein the attaching the proximal valve to the attachment tube causes the compression of the

compressible attachment tube.
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Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2017/0333681 A1 (QXMedical, Inc.) 23 November 2017 (23.11.2017) entire document, 1-2, 5-15
especially title, abstract. e
Y 3-4
Y US 5,466,222 A (Ressemann et al.) 14 November 1995 (14.11.1995) entire document, 3-4
especially title, abstract.

A US 2017/0095646 A1 (Norman et al.) 06 April 2017 (06.04.2017) entire document, especially 1-15
title, abstract.

A WO 2013/142386 A1 (AVNERI et al.) 26 September 2013 (26.09.2013) entire document, 1-15
especially title, abstract.

A US 2018/0280665 A1 (QXMedical, Inc.) 04 October 2018 (04.10.2018) entire document, 1-15
especially title, abstract.

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“D”  document cited by the applicant in the international application

“E” earlier application or patent but published on or after the international
filing date

“L" document which may throw doubts on priority claim(s) or which
is cited to establish t qf{)ubllcatlon date of another citation or other
special reason (as specified)

“O” documentreferringto anoral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

02 January 2020

Date of mailing of the international search report

23 MAR 7020

Namc and mailing addrcss of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. §71-273-8300

Authorized officer
Lee Young

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US 19/59629

Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
***See Supplemental Box HH1***

1. D As all required additional search fees were timely paid by the applicant, this interational search report covers all searchable
claims.

m

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
1-15

X

Remark on Protest [:I The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)
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***Continuation of Box III*™**

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: Claims 1-15, directed to a catheter advancement assistance device with an elongate shaft having a capsule fixedly attached
thereto.

Group II: Claims 16-21, directed to a catheter advancement assistance device with a push rod having a body fixedly attached thereto.
Group lil: Claims 22-31, directed to a method of assisting advancement of a catheter through a blood vessel.

The inventions listed as Groups |-l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

SPECIAL TECHNICAL FEATURES
The invention of Group | includes the special technical feature of a capsule, not required by the claims of Groups |I-Ii1.
The invention of Group |l includes the special technical feature of a push rod, not required by the claims of Groups | and .

The invention of Group |l includes the special technical feature of a method of assisting advancement of a catheter through a blood
vessel, the method including inserting an advancement assistance device into a lumen of the catheter; urging the advancement
assistance device distally into the lumen of the catheter; attaching the proximal valve to the attachment tube; urging the catheter distally
into the blood vessel to a target site over a guidewire; and retracting the advancement assistance device from the catheter.

COMMON TECHNICAL FEATURES

The inventions of Groups | and Ill share the technical features of an elongate shaft, and an attachment tube associated with a proximal
portion of the elongate shaft. However, this shared technical feature is known in the prior art as shown in US 2017/0333681 A1 to
QXMedical, Inc. (hereinafter "QXMedical"), which teaches an elongate shaft (34, para {[0056}), and an attachment tube (40) associated
with a proximal portion of the elongate shaft (Fig. 2 and 4, para [0057]).

The inventions of Groups |l and [l share the technical feature of a body comprising: (i) a distal plug portion; (ii) a proximal neck portion,
wherein the proximal neck portion has a smaller diameter than the distal plug portion; and (iii) a guidewire lumen defined through the
body. However, this shared technical feature is known in the prior art as shown in QXMedical, which teaches a body (32, Fig. 2)
comprising: (i) a distal plug portion (44, para [0058)); (ii) a proximal neck portion (46, para [0058]), wherein the proximal neck portion has
a smaller diameter than the distal plug portion (para [0058]); and (iii) a guidewire lumen (36) defined through the body (para [0056])).

The inventions of Groups |-1li share the technical feature of an attachment tube. However, this shared technical feature is known in the
prior art as shown in QXMedical, which teaches an attachment tube (40, Fig. 2, para [0057]).
As the common features were known in the art at the time of the invention, they cannot be considered special technical features that

would otherwise unify the groups.

Therefore, Groups I-Ifl lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.
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