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(54) GUIDE EXTENSION CATHETER

(57) Guide extension catheters and related methods
are disclosed. A guide extension catheter can comprise
an elongate tube member and a lumenless push mem-
ber. The push member can be eccentrically coupled to
the tube member for slidably positioning the tube member
within and partially beyond a distal end of a guide cath-
eter. At least a proximal end portion of the push member
can include a cross-section defined by an arcuate first
surface and an opposing second surface. The first sur-
face can engage an inner wall surface of the guide cath-
eter along an arc length, and the second surface can be
spaced furthest from the first surface at its center point.
The first surface can have the same or substantially the
same radius of curvature as the guide catheter’s inner
wall surface. This configuration of the push member can
provide an advantageous blend of stiffness and flexibility,
as well as space conservation through the guide catheter.
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Description

CLAIM OF PRIORITY

[0001] This patent document claims the benefit of pri-
ority to Brenizer et al., U.S. Provisional Patent Application
Serial Number 62/431,911, entitled "GUIDE EXTEN-
SION CATHETER" and filed on December 9, 2016, and
to Brenizer et al., U.S. Provisional Patent Application Se-
rial Number 62/440,438, entitled "GUIDE EXTENSION
CATHETER" and filed on December 30, 2016, each of
which is herein incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] This patent document relates to medical devic-
es. More particularly, but not by way of limitation, the
patent document relates to guide extension catheters for
use with guide catheters.

BACKGROUND

[0003] A guide catheter can back-out and withdraw
from a vessel’s ostium or branch when an interventional
device, such as a guidewire, balloon catheter, stent or
stent catheter, is passed through it and advanced beyond
the guide catheter’s distal end. This backing out of the
guide catheter can cause the operating physician to lose
the ability to further distally advance the interventional
device.

OVERVIEW

[0004] The present inventors recognize that there is a
need to provide increased back-up support to interven-
tional devices and guide catheters during interventional
procedures. A guide extension catheter can be used in
conjunction with a guide catheter to access discrete re-
gions of coronary or peripheral vasculature and to facil-
itate accurate placement of interventional devices with-
out guide catheter back-out from a vessel ostium or
branch of interest. The guide extension catheter can also
provide a means for delivering drugs or providing nega-
tive pressure to and from a treatment site. The present
inventors further recognize that the interventional art
would benefit from the availability of a guide extension
catheter that can be effectively and efficiently urged
through a guide catheter and have its distal end deep-
seated into the vessel portion of interest without kinking
or bending improperly, without reducing the device de-
livery area through the guide catheter, and without be-
coming entangled with a guidewire.
[0005] Guide extension catheters and related methods
are disclosed in this patent document. A guide extension
catheter can comprise an elongate tube member and a
lumenless push member. The push member can be ec-
centrically coupled to the tube member for slidably posi-
tioning the tube member within and partially beyond a

distal end of a guide catheter and a vessel ostium of
interest. At least a proximal end portion of the push mem-
ber can include a cross-section defined by an arcuate
first surface and an opposing second surface. The first
surface can engage an inner wall surface of the guide
catheter along an arc length, and the second surface can
be spaced furthest from the first surface at its center point.
The first surface can have the same or substantially the
same radius of curvature as the guide catheter’s inner
wall surface. This configuration of the push member can
provide an advantageous blend of stiffness, flexibility and
space conservation through the guide catheter. The push
member can include one or more means along its length
to urge the push member to one side of the guide cath-
eter’s inner wall surface, thereby providing a clear path
through the guide catheter and into the guide extension
catheter for an interventional device.
[0006] These and other embodiments and features of
the present guide extension catheters and related meth-
ods will be set forth, at least in part, in the following De-
tailed Description. This Overview is intended to provide
non-limiting embodiments of the present subject matter-
it is not intended to provide an exclusive or exhaustive
explanation of the disclosed embodiments. The Detailed
Description below is included to provide further informa-
tion about the present guide extension catheters and
methods.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] In the drawings, like numerals can be used to
describe similar features and components throughout the
several views. The drawings illustrate generally, by way
of example, but not by way of limitation, various embod-
iments discussed in this patent document.

FIG. 1 illustrates a plan view of a guide catheter
advanced through an aorta to an ostium of
a coronary vessel.

FIG. 2 illustrates a plan view of a guide extension
catheter, as constructed in accordance
with at least one embodiment, used in con-
junction with a guide catheter for the deliv-
ery of an interventional device into an oc-
cluded vessel for treatment.

FIG. 3 illustrates a side view of a guide extension
catheter, as constructed in accordance
with at least one embodiment, partially
within a sectioned guide catheter.

FIGS. 4-6 illustrate cross-sectional views along the
length of a guide extension catheter’s push
member, as constructed in accordance
with at least one embodiment, within a
guide catheter.

FIG. 7 illustrates a side view of a guide extension
catheter, as constructed in accordance
with at least one embodiment, and an in-
terventional device partially within a sec-
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tioned guide catheter.
FIG. 8 illustrates a cross-sectional view of a guide

extension catheter, as constructed in ac-
cordance with at least one embodiment,
and an interventional device within a guide
catheter.

[0008] The drawings are not necessarily to scale. Cer-
tain features and components may be shown exagger-
ated in scale or in schematic form, and some details may
not be shown in the interest of clarity and conciseness.

DETAILED DESCRIPTION

[0009] This patent document discloses guide exten-
sion catheters to be placed within guide catheters for
providing support and guidance in a vessel when percu-
taneously advancing interventional devices, such as
guidewires, balloon catheters, stents or stent catheters.
A guide extension catheter is configured to be passed
through a main lumen of a guide catheter so that its distal
end portion can be extended past a distal end of the guide
catheter and into the desired vessel while its intermediate
portions remain within the guide catheter. The guide ex-
tension catheter improves the ability of the guide catheter
to remain seated in the desired vessel’s ostium or branch
during an interventional procedure.
[0010] It is believed that the present guide extension
catheters will find great utility by interventional cardiolo-
gists performing percutaneous transluminal coronary in-
terventions. Although the remainder of this patent docu-
ment generally discusses and illustrates such uses, it
should be understood that the guide extension catheters
can also be used for treating other non-coronary dis-
eased vessels or other hollow structures (e.g., biliary
tract, ureter, etc.) throughout a patient’s body where in-
terventional devices are or can be employed.
[0011] Minimally-invasive cardiac interventions are uti-
lized throughout the world and include the use of a
guidewire 112 and a guide catheter 102, as illustrated in
FIG. 1. The guidewire 112 is an elongate, small-diameter
member designed to navigate vessels to reach a dis-
eased site or vessel segment of interest. Guidewires
come in two basic configurations: solid steel or nitinol
core wires and solid core wire wrapped in a smaller wire
coil or braid. The guide catheter 102 is an elongate tube
member defining a main lumen 104 along its length. The
guide catheter 102 can be formed of polyurethane, for
example, and can be shaped to facilitate its advancement
to a coronary ostium 106 (or other region of interest within
a patient’s body). In the embodiment of FIG. 1, a 4F, 5F,
6F, 7F or 8F guide catheter 102, where F is an abbrevi-
ation for the French catheter scale (a unit to measure
catheter diameter (1F=gmm)), can be inserted at a fem-
oral or radial artery and advanced through an aorta 108
to a position adjacent to the ostium 106 of a coronary
artery 110.
[0012] In a typical procedure, the guidewire 112 is ad-

vanced through the arch 114 of the aorta 108 to the os-
tium 106. The guide catheter 102 is then passed over
the guidewire 112 until its distal end 116 is seated near
the ostium 106. The diameter and rigidity of the guide
catheter’s distal end 116 oftentimes does not permit the
device to be advanced beyond the ostium 106 and into
the coronary artery 110.
[0013] Maintaining the position of the guide catheter’s
distal end 116 at the ostium 106 can facilitate the
guidewire 112 or other interventional device successfully
reaching the diseased site (e.g., a stenotic lesion 118)
through its further distal advancement. With the guide
catheter 102 in position, force can be applied to the
guidewire’s proximal end to push the guidewire 112 to
and beyond the lesion 118, and a treating catheter (op-
tionally including a balloon or stent) can be passed over
the guidewire 112 to treat the site. The application of
force to the guidewire 112 or the treating catheter can
sometimes cause the guide catheter 102 to dislodge from
the ostium 106 of the coronary artery 110, and, in such
instances, the guidewire or treating catheter must be fur-
ther distally advanced independently of the guide cath-
eter’s alignment and support to reach the lesion 118. This
can occur in the case of a tough stenotic lesion 118 or
tortuous anatomy, where it is difficult to pass the
guidewire 112 or the treating catheter to and beyond the
lesion. A heart’s intrinsic beat can also cause the guide
catheter’s distal end 116 to lose its positioning or other-
wise be shifted so that it no longer is positioned to align
and support the guidewire 112 or the treating catheter
into the portion of the coronary artery 110 including the
lesion 118.
[0014] As illustrated in FIG. 2, the present guide ex-
tension catheter 200 can improve access to a coronary
artery 210 and a stenotic lesion 218. The guide extension
catheter 200 can include a relatively flexible elongate
tube member 220 and a push member 222 having a col-
lective length that is greater than a length of a guide cath-
eter 202 (e.g., 130cm-175cm). An outer diameter of the
tube member 220 can be sized to permit insertion of its
distal end portion 224 into a coronary artery or its branch-
es containing the lesion 218, thereby providing alignment
and support for an interventional device (e.g., a treating
catheter) beyond the distal end 216 of the guide catheter
202 to the lesion and beyond. The extension of the tube
member 220 into the smaller-sized artery or branch also
serves to maintain the position of the guide catheter 202
at an artery’s ostium 206 during operation.
[0015] The operating physician can advance the distal
end portion 224 of the tube member 220 over a guidewire
212 and through and beyond the guide catheter’s distal
end 216 into the coronary artery 210. A proximal end
portion 226 of the tube member 220 can remain within
the guide catheter 202. The physician can then deliver
the treating catheter over the guidewire 212, through a
main lumen 204 of the guide catheter 202, and through
a lumen 228 of the tube member 220 until the working
portion of the treating catheter is located beyond the distal
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end portion 224 of the tube member. The operating phy-
sician can then treat the lesion 218 using standard tech-
niques with added back-up support on the guide catheter
202, thereby providing an extra ability to push and ad-
vance the treating catheter.
[0016] In general, the lumen 228, and hence the tube
member 220, can be sized and shaped to pass one or
more interventional devices such as the guidewire and
the treating catheter therethrough. The cross-sectional
shape of the lumen 228 can be similar to the cross-sec-
tional shape of the guide catheter’s main lumen 204. The
outer diameter of the tube member 220 can assume max-
imum cross-sectional dimensions that allow the tube
member 220 to coaxially slide into and through the guide
catheter 202. In other embodiments, the outer cross-sec-
tional dimensions of the tube member 220 can be less
than the allowable maximum. For example, in an 8F guide
catheter, the tube member 220 can have a 7F, 6F, 5F,
4F or lesser diameter. In some embodiments, a diameter
of the lumen 228 of the tube member 220 is not more
than one French size smaller than a diameter of the lu-
men 204 of the guide catheter 202. The length of the tube
member 220 can be substantially less than the length of
the guide catheter 202; however, the tube member 220
can be designed with any length according to a desired
application, such as about 6cm-45cm.
[0017] The push member 222 can be attached at least
to the proximal end portion 226 of the tube member 220
and can extend proximally from this attachment to a han-
dle member 230 accessible to an operating physician
outside of a patient’s body. The handle member 230 and
the push member 222 can allow the physician to position
the tube member 220 between a first position, entirely
within the guide catheter 202, and the illustrated second
position, in which the tube member’s distal end 224 ex-
tends beyond that of the guide catheter 202 and into the
coronary artery 210. The push member 222 can include
one or more tubular bands 270 or other means along its
length to urge the member to one side of the guide cath-
eter’s inner wall surface 246, thereby providing a clear
path through the guide catheter and into the guide ex-
tension catheter 202 for the guidewire 212 and treating
catheter. This clear path can avoid or reduce the
guidewire 212 becoming entangled with (e.g., wrapped
around) the push member 222 during use of the guide
extension catheter 202.
[0018] FIG. 3 illustrates a side view of a guide exten-
sion catheter 300 partially positioned within a guide cath-
eter 302. This side view illustrates in greater detail the
two primary components of the guide extension catheter
300-a relatively flexible elongate tube member 320 and
a push member 322. In certain embodiments, the push
member 322 can include a plurality of segments or por-
tions having different stiffness and flexibility profiles to
provide the guide extension catheter 300 with a desired
combination of pushing force and vessel placement ca-
pabilities. In one embodiment, as shown in cross-sec-
tions at FIGS. 4-6, the push member 322 can include

three segments 334, 336, 338 having different stiffness
and flexibility profiles: relative high stiffness and low flex-
ibility at a proximal end portion of the push member, rel-
ative medium stiffness and flexibility in an intermediate
portion of the push member, and relative low stiffness
and high flexibility at a distal end portion of the push mem-
ber. In some embodiments, the length of the first segment
334 makes up between 50% to 90% of the entire length
of the guide extension catheter 300, the length of the
third segment 338 makes up between 2% to 10% of the
catheter’s length, and the remaining length can be attrib-
uted to the second segment 336. More or less segments
of differing stiffness and flexibility profiles can also be
used and accomplished through variation of one or more
of materials, geometrical shapes or geometrical sizes of
the push member 322.
[0019] The push member 322 can be an elongated sol-
id wire of constant or varying dimensions and can made
of a polymeric or metallic material, such as high tensile
stainless steel (e.g., 304V, 304L or 316LV), mild steel,
nickel-titanium alloys, nickel-chromium-molybdenum al-
loys, nickel-copper alloys, nickel-tungsten alloys or tung-
sten alloys. The push member 322 can be coated with a
hydrophilic, silicone or other friction-reducing material. A
handle member (FIG. 2) at the push member’s proximal
end can be formed of a polycarbonate material, for ex-
ample.
[0020] The tube member 320 can be formed from an
inner polymer layer, an outer polymer layer, and a rein-
forcement member (e.g., braid or coil) disposed between
the polymer layers. The inner polymer layer can be com-
posed of, or coated with, silicone, polytetrafluoroethylene
(PTFE) or another lubricious material to provide a slip-
pery surface for received interventional devices. The out-
er polymer layer can include one or more flexible mate-
rials, such as polyurethane, polyethylene or polyolefin of
sequentially diminishing durometers along the tube
member’s length, and it can be coated with a friction-
reducing material (e.g., a hydrophilic material) to facilitate
insertion and trackability through vasculature and a guide
catheter. The reinforcing braid or coil can be formed of
stainless steel or a platinum alloy, for example, and can
extend between the polymer layers along at least a por-
tion of the tube member’s length.
[0021] A proximal end portion 326 of the tube member
320 can be eccentrically coupled to a distal end portion
340 of the push member 322 at its periphery or circum-
ference and can provide a smooth transition between the
members. The arrangement or configuration of this cou-
pling can vary. For example, the tube member 320 can
have an opening formed in its peripheral wall and the
push member 322 can be disposed within the opening.
Inserting the push member 322 into the opening can re-
sult in a mechanical coupling between the members and
additional or alternative bonds (e.g., adhesive bonds,
thermal bonds, welds, brazes, etc.) can be utilized. The
distal end portion 340 of the push member 322 can be
flattened to provide a larger surface area to secure to the
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tube member 320. Coupling mechanisms facilitated by
a third component 332 (e.g., a metal or polymer skived
(slanted) collar or concave track) bonded between or in-
tegrated with the proximal end portion 326 of the tube
member 320 or the distal end portion 340 of the push
member 322 are also contemplated. Metallic or polymeric
structures forming the third component 332 can become
less stiff and more flexible in a proximal-to-distal direction
to provide a gradual flexibility transition between the more
rigid push member 322 and the more flexible tube mem-
ber 320.
[0022] Markers on the push member 322 or the tube
member 320 can allow an operating physician to identify
positioning of the guide extension catheter’s components
relative to patient anatomy, the guide catheter 302, and
any international devices used during a procedure. For
example, one or more depth markers can be printed on
an outer surface of the push member 322 and can be
positioned at predetermined lengths relative to a distal
end of the tube member 320. One or more radiopaque
marker bands can be positioned on the tube member
320. The marker bands can be composed of tungsten,
platinum or an alloy thereof and can have a metallic band
structure. Alternatively, for space conservation reasons,
the marker bands can be formed by impregnating por-
tions of the tube member 320 with a radiopaque filler
material, such as such as barium sulfate, bismuth triox-
ide, bismuth carbonate, powdered tungsten, powdered
tantalum or the like. A first marker band can be positioned
slightly distal to a fully-round entrance of the tube member
320 and a second marker band can be positioned near
the tube member’s distal end, for example.
[0023] FIG. 4 illustrates a cross-sectional view of a
proximal end portion 434 of a push member 422, such
as along line 4-4 of FIG. 3, within a guide catheter 402.
The cross-section can be defined by an arcuate first sur-
face 444 configured to engage an inner wall surface 446
of the guide catheter 402 along an arc length (l1) (e.g.,
0.030in) defined by a guide catheter central angle (α) of
at least 20 degrees, at least 30 degrees, at least 40 de-
grees, at least 50 degrees or at least 60 degrees, with
greater arc lengths (l1) associated with greater central
angles (α). The arcuate or curved shape of the first sur-
face 444 follows the inner wall surface 446 of the guide
catheter 402 providing smooth relative movements be-
tween the guide extension catheter and the guide cath-
eter. The arcuate shape of the first surface 444 can also
help to maximize axial or column strength of the push
member 422 for force transfer from an operating physi-
cian to the rest of the guide extension catheter without
reducing the effective delivery area 448 within the guide
catheter 402 through which an interventional device can
be advanced. In an embodiment, the first surface 444
can have the same or substantially the same radius of
curvature (r1) as the guide catheter’s inner wall surface
446, such as a radius of curvature of about 0.035in.
[0024] A second surface 450 of the proximal end por-
tion’s cross-section, which is positioned opposite the first

surface 444, can be flat or substantially flat and have a
length (l2) (e.g., 0.026in) that is less than the arc length
(l1) of the first surface. The second surface 450 can be
spaced furthest from the first surface at its center point
(c2). In an embodiment, the center point (c2) of the second
surface 450 is at least 0.010in (e.g., 0.014in) from a cent-
er portion (c1) of the first surface 444. In an embodiment,
a distance between center points (c1, c2) of the first and
second surfaces 444, 450 can be between 40-60% of
the arc length (l1) of the first surface.
[0025] The cross-section at the proximal end portion
of the push member 422 can be further defined by third
and four arcuate surfaces 452, 454 that connect the first
and second surfaces 444, 450. The third and four sur-
faces 452, 454 can have a radius of curvature (r3,4) less
than the radius of curvature (r1) of the first surface 444.
In an embodiment, the radius of curvature (r1) of the first
surface (e.g., 0.035in) is at least three times greater than
the radius of curvature (r3,4) of the third and fourth sur-
faces (e.g., 0.010in).
[0026] It has been found that this cross-sectional con-
figuration of the proximal end portion 434 of the push
member 422 can be desirable for a number of reasons.
The configuration, which resembles a bread loaf in its
cross-sectional shape, can increase the push force ca-
pability and the torque control of the push member 422
as compared to a flat rectangular ribbon. Accordingly,
greater axial and rotational force applied by the operating
physician to the push member’s proximal end portion 434
can be transmitted to the tube member. In this manner,
the tube member can more reliably be urged through
obstructions or into a tortuous portion of the patient’s vas-
culature.
[0027] FIG. 5 illustrates a cross-sectional view of an
intermediate portion 536 of a push member 522, such as
along line 5-5 of FIG. 3, within a guide catheter 502. As
shown, the intermediate portion 536 can be circular or
oval in cross-section and defined by a circumferential
surface 537, which can reduce the tendency for a
guidewire to become engaged with the push member
522 during use. In an embodiment, the circumferential
surface 537 has a diameter of about 0.013in.
[0028] Alternatively, the intermediate portion 536 can
be rectangular in cross-section and defined by first, sec-
ond, third and fourth flat surfaces, or can be bread loaf
in cross-section and defined by three arcuate surfaces
and one flat surface similar to the proximal end portion.
In these alternative embodiments, a distance change be-
tween center points of the first and second surfaces at
the push member’s proximal end portion (FIG. 4) to cent-
er points of the first and second surfaces at the push
member’s intermediate portion is less than a distance
change between center points of the third and fourth sur-
faces at the push member’s proximal end portion to cent-
er points of the third and fourth surfaces at the push mem-
ber’s intermediate portion.
[0029] As yet another alternative, the intermediate por-
tion 536 can have a cross-section defined by arcuate first
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and second surfaces. An arcuate first surface can have
the same or substantially the same radius of curvature
as the guide catheter’s inner wall surface. An arcuate
second surface can extend from a first end of the first
surface to a second end of the first surface. Regardless
of shape, the cross-section of the intermediate portion
536 of the push member can define an area less than an
area of the cross-section of the proximal end portion (FIG.
4) of the push member 522.
[0030] FIG. 6 illustrates a cross-sectional view of a dis-
tal end portion 638 of a push member 622, such as along
line 6-6 of FIG. 3, within a guide catheter 602. The distal
end portion 638 can be rectangular in cross-section and
defined by first, second, third and fourth flat surfaces 656,
658, 660, 662. The cross-section of the distal end portion
638 can define an area less than an area of the cross-
section of the proximal end (FIG. 4) and intermediate
(FIG. 5) portions of the push member 622. In an embod-
iment, the first and second surfaces 656, 658 have a
length of 0.020in., and the third and fourth surfaces 660,
662 have a length of 0.010in. The cross-section of the
stiffer proximal end portion can gradually transition along
the length of the push member 622 to the more flexible
cross-section of the distal end portion 638, which can
couple to a tube member 620. The flattened rectangular
cross-section of the distal end portion 638 can provide
sufficient attachment surface area to attach the push
member 622 to the tube member 620. Alternatively, the
distal end portion 638 can be bread loaf in cross-section
and defined by three arcuate surfaces and one flat or
substantially flat surface similar to the proximal end por-
tion.
[0031] FIGS. 4-6 illustrate that the push member 422,
522, 622 of a guide extension catheter can be designed
to be sufficiently small taking up relatively little space
within the lumen of a guide catheter, while still being suf-
ficiently sized and configured for exceptional pushability
and kink resistance when advancing the extension cath-
eter during an interventional procedure. Accordingly, use
of the present guide extension catheters allows for an
interventional device to be advanced through and beyond
the guide catheter in order to reach a desired distal target
location for intervention.
[0032] FIG. 7 illustrates a side view of a guide exten-
sion catheter 700 positioned within a guide catheter 702
and used in conjunction with a guidewire 712 and a treat-
ing catheter 764. With the guidewire 712 and the guide
catheter 702 positioned as desired, a tube member 720
of the guide extension catheter 700 can be backloaded
from its distal end portion 724 onto a proximal end of the
guidewire 712 and advanced through a hemostasis valve
coupled to the guide catheter 702. As shown, the tube
member 720 of the guide extension catheter 700 can be
advanced beyond a distal end 716 of the guide catheter
702 under fluoroscopy. When so arranged, portions of
the tube member 720 can engage an ostium and extend
within a portion of a coronary artery to help maintain the
position of the guide catheter 702 as the treating catheter

764 is advanced.
[0033] FIG. 8 illustrates a cross-sectional view of a
guide extension catheter 800, a guidewire 812 and a
treating catheter 864 within a guide catheter 802, such
as along line 8-8 of FIG. 7. It can be seen that use of the
present eccentrically-positioned push member 822 to ad-
just a position of a tube member 820 of the guide exten-
sion catheter 800 can provide several advantages. As a
first example, the relatively small dimensions of the push
member 822 create low surface friction during its longi-
tudinal movement within the guide catheter 802. Low fric-
tional force allows ease in extending and retrieving the
tube member 820. As another example, the small cross-
sectional dimensions of the push member 822 do not
significantly interfere with the delivery of the treating cath-
eter 864 through the guide catheter 802.
[0034] Delivery of the treating catheter 764, 864
through the guide catheter 702, 802 and into the tube
member 720, 820 can be facilitated by a concave track
732, 832 defining a partially cylindrical opening and hav-
ing a length of about 1cm to 18cm. The concave track
732, 832 is accessible from a longitudinal side defined
transverse to a longitudinal axis of the tube member 720,
820 and provides a larger area to receive an interven-
tional device into the tube member than an area associ-
ated with an opening oriented perpendicular to the lon-
gitudinal axis of the tube member. Optionally, the con-
cave track 732, 832 can be sized larger than the tube
member 720, 820 (e.g., 7F or 8F outer diameter for the
concave track and 6F outer diameter for the tube mem-
ber) to more effectively align and funnel the treating cath-
eter 764, 864 across the coupling transition and into the
tube member 720, 820. This larger size of the concave
track 732, 832 can be accomplished by incorporating a
nickel-titanium alloy, for example, which can expand
post-implant to a size of the guide catheter’s inner wall
surface.
[0035] The concave track 732, 832 can be positioned
between or integrated with the proximal end portion of
the tube member 720, 820 or the distal end portion of the
push member 722, 822. In an embodiment, a first seg-
ment of the concave track 732, 832 can have an arcuate
cross-sectional shape extending for a length of at least
0.5cm and radially extending 25% to 40% of a cross-
sectional circumference of the guide catheter 702, 802
or the tube member 720, 820. A second segment of the
concave track 732, 832 can have a hemicylindrical cross-
sectional shape extending for a length of at least 0.5cm
and radially extending 40% to 70% of a cross-sectional
circumference of the guide catheter 702, 802 or the tube
member 720, 820.
[0036] In lieu of the concave track 732, 832, the prox-
imal end portion 726 of the tube member 720, 820 can
be partially (e.g., top half only) or completely radially
flared to be larger in size than other portions of the tube
member and coincide with the inner diameter of the guide
catheter 702, 802. The close fit between the flared prox-
imal end portion and the guide catheter 702, 802 can be
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used to align and funnel the treating catheter 764, 864,
for example, from the guide catheter lumen into the tube
member lumen, as well as direct fluid injected through
the guide catheter into the tube member lumen. The flare
can be accomplished by molding the tube member’s 720,
820 proximal end portion or by incorporating a size- or
shape-changing alloy (e.g., a nickel-titanium alloy) into
the tube member’s 720, 820 proximal end portion.

Examples:

[0037] The above Detailed Description is intended to
be illustrative and not restrictive. The above-described
embodiments (or one or more features or components
thereof) can be used in varying combinations with each
other unless clearly stated to the contrary. Other embod-
iments can be used, such as by one of ordinary skill in
the art upon reviewing the above Detailed Description.
Also, various features or components have been grouped
together to streamline the disclosure. This should not be
interpreted as intending that an unclaimed disclosed fea-
ture is essential to any claim. Rather, inventive subject
matter can lie in less than all features of a particular dis-
closed embodiment. Thus, the following claim examples
are hereby incorporated into the Detailed Description,
with each example standing on its own as a separate
embodiment.
[0038] In Example 1, a guide extension catheter for
use with a guide catheter can comprise an elongate tube
member and a push member eccentrically coupled to the
tube member. The tube member can define a lumen and
have an outer diameter smaller than a lumen of the guide
catheter. The push member can extend proximally from
its point of coupling with the tube member for slidably
positioning the tube member within and partially beyond
a distal end of the guide catheter. At least a proximal end
portion of the push member can include a cross-section
defined by an arcuate first surface, which is configured
to engage an inner wall surface of the guide catheter
along an arc length defined by a guide catheter central
angle of least 20 degrees, and a second surface, which
is opposite the first surface and has a center point at least
0.010 inches from a center point of the first surface.
[0039] In Example 2, the guide extension catheter of
Example 1 can optionally be configured such that the first
surface of the push member’s proximal end portion has
the same radius of curvature as the guide catheter’s inner
wall surface.
[0040] In Example 3, the guide extension catheter of
Example 2 can optionally be configured such that the
cross-section of the proximal end portion of the push
member is further defined by third and four arcuate sur-
faces that connect the first and second surfaces. The
third and four surfaces can have a radius of curvature
less than the radius of curvature of the first surface.
[0041] In Example 4, the guide extension catheter of
Example 3 can optionally be configured such that the
radius of curvature of the first surface is at least three

times greater than the radius of curvature of the third and
fourth surfaces.
[0042] In Example 5, the guide extension catheter of
any one or any combination of Examples 1-4 can option-
ally be configured such that the second surface is flat.
[0043] In Example 6, the guide extension catheter of
any one or any combination of Examples 1-5 can option-
ally be configured such that the push member is solid.
[0044] In Example 7, the guide extension catheter of
any one or any combination of Examples 1-6 can option-
ally be configured such that an intermediate or distal end
portion of the push member includes a rectangular cross-
section defining an area less than an area of the cross-
section of the proximal end portion of the push member.
[0045] In Example 8, the guide extension catheter of
any one or any combination of Examples 1-7 can option-
ally be configured such that an intermediate or distal end
portion of the push member includes a circular cross-
section defining an area less than an area of the cross-
section of the proximal end portion of the push member.
[0046] In Example 9, the guide extension catheter of
any one or any combination of Examples 1-7 can option-
ally be configured such that an intermediate or distal end
portion of the push member includes a cross-section de-
fined by an arcuate first surface, which has the same or
substantially the same radius of curvature as the guide
catheter’s inner wall surface, and an arcuate second sur-
face, which extends from a first end of the first surface
to a second end of the first surface.
[0047] In Example 10, the guide extension catheter of
any one of Examples 7, 8 or 9 can optionally be config-
ured such that the cross-sectional area of the distal end
portion of the push member is less than the cross-sec-
tional area of the intermediate portion of the push mem-
ber.
[0048] In Example 11, the guide extension catheter of
any one of Examples 7, 8 or 9 can optionally be config-
ured such that a stiffness of the push member’s proximal
end portion is greater than a stiffness of the push mem-
ber’s intermediate and distal end portions.
[0049] In Example 12, the guide extension catheter of
any one or any combination of Examples 1-11 can op-
tionally be configured such that the arc length of the first
surface is greater than a length of the second surface.
[0050] In Example 13, the guide extension catheter of
any one or any combination of Examples 1-12 can op-
tionally further comprise one or more bands along the
length of the push member to urge it to one side of the
guide catheter’s inner wall surface.
[0051] In Example 14, the guide extension catheter of
any one or any combination of Examples 1-13 can op-
tionally be configured such that a diameter of the lumen
of the tube member is not more than one French size
smaller than a diameter of the lumen of the guide cath-
eter.
[0052] In Example 15, the guide extension catheter of
any one or any combination of Examples 1-14 can op-
tionally further comprise a concave track defining a par-
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tially cylindrical opening leading into the tube member.
[0053] In Example 16, the guide extension catheter of
Example 15 can optionally be configured such that a first
segment of the concave track includes an arcuate cross-
sectional shape.
[0054] In Example 17, the guide extension catheter of
Example 16 can optionally be configured such that a sec-
ond segment of the concave track includes a hemicylin-
drical cross-sectional shape.
[0055] In Example 18, the guide extension catheter of
any one or any combination of Examples 1-14 can op-
tionally be configured such that a proximal end of the
tube member is partially or completely radially flared.
[0056] In Example 19, the guide extension catheter of
any one or any combination of Examples 1-18 can op-
tionally be configured such that a proximal end of the
tube member is skived.
[0057] In Example 20, a guide extension catheter for
use with a guide catheter can comprise an elongate tube
member and a lumenless push member eccentrically
coupled to the tube member at a distal end portion. The
tube member can define a lumen and have an outer di-
ameter smaller than a lumen of the guide catheter. The
push member can extend proximally from its point of cou-
pling with the tube member for slidably positioning the
tube member within and partially beyond a distal end of
the guide catheter. A proximal end portion of the push
member can include a cross-section defined by an arcu-
ate first surface, which is configured to engage an inner
wall surface of the guide catheter, and an opposing sec-
ond surface, which is spaced furthest from the first sur-
face as its center point. One or both of an intermediate
portion and the distal end portion of the push member
can include a cross-section defined by opposing first and
second flat surfaces and opposing third and fourth flat
surfaces.
[0058] In Example 21, the guide extension catheter of
Example 20 can optionally be configured such that the
proximal end portion of the push member has a proximal
stiffness and the distal end portion of the push member
has a distal stiffness, which is less than the proximal stiff-
ness.
[0059] In Example 22, the guide extension catheter of
any one of Examples 20 or 21 can optionally be config-
ured such that the cross-section of the push member’s
proximal end portion transitions along the length of the
push member to the cross-section of the push member’s
distal end portion.
[0060] In Example 23, the guide extension catheter of
any one or any combination of Examples 20-22 can op-
tionally be configured such that the proximal end portion
has a relatively low flexibility, the distal end portion has
a relatively high flexibility, and the intermediate portion
has a middle flexibility between that of the relatively low
flexibility of the proximal end portion and the relatively
high flexibility of the distal end portion.
[0061] In Example 24, the guide extension catheter of
any one or any combination of Examples 20-23 can op-

tionally be configured such that the cross-section of the
push member’s proximal end portion is further defined
by third and four arcuate surfaces that connect the first
and second surfaces.
[0062] In Example 25, the guide extension catheter of
Example 24 can optionally be configured such that a dis-
tance change between center points of the first and sec-
ond surfaces at the push member’s proximal end portion
to center points of the first and second surfaces at the
push member’s intermediate portion is less than a dis-
tance change between center points of the third and
fourth surfaces at the push member’s proximal end por-
tion to center points of the third and fourth surfaces at
the push member’s intermediate portion.
[0063] In Example 26, the guide extension catheter of
any one or any combination of Examples 20-25 can op-
tionally be configured such that a distance between cent-
er points of the first and second surfaces at the push
member’s proximal end portion is between 40%-60% of
an arc length of the first surface at the push member’s
proximal end portion.
[0064] In Example 27, the guide extension catheter of
any one or any combination of Examples 1-26 can op-
tionally be configured such that all components or options
recited are available to use or select from.

Closing Notes:

[0065] The present guide extension catheters and
methods can provide support or guidance for an inter-
ventional device beyond the distal end of a guide cathe-
ter. Additionally, the guide extension catheters can allow
for the position of the guide catheter to be maintained
relative to an ostium or branch of a target vessel during
an interventional procedure. The guide extension cath-
eters include a proximal push member and a distal tube
member extendible beyond the distal end of the guide
catheter. The configuration of the push member can pro-
vide an advantageous blend of stiffness, flexibility and
space conservation, such that an operating physician can
push the guide extension catheters where desired with-
out kinking or improper bending and without reducing the
effective device delivery area through the guide catheter.
[0066] The above Detailed Description includes refer-
ences to the accompanying drawings, which form a part
of the Detailed Description. The Detailed Description
should be read with reference to the drawings. The draw-
ings show, by way of illustration, specific embodiments
in which the present guide extension catheters and re-
lated methods can be practiced. These embodiments are
also referred to herein as "examples."
[0067] Certain terms are used throughout this patent
document to refer to particular features or components.
As one skilled in the art will appreciate, different people
may refer to the same feature or component by different
names. This patent document does not intend to distin-
guish between components or features that differ in name
but not in function. For the following defined terms, certain
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definitions shall be applied unless a different definition is
given elsewhere in this patent document. The terms "a,"
"an," and "the" are used to include one or more than one,
independent of any other instances or usages of "at least
one" or "one or more." The term "or" is used to refer to a
nonexclusive or, such that "A or B" includes "A but not
B," "B but not A," and "A and B." All numeric values are
assumed to be modified by the term "about," whether or
not explicitly indicated. The term "about" refers to a range
of numbers that one of skill in the art considers equivalent
to the recited value (i.e., having the same function or
result). In many instances, the term "about" can include
numbers that are rounded to the nearest significant fig-
ure. The recitation of numerical ranges by endpoints in-
cludes all numbers and sub-ranges within and bounding
that range (e.g., 1 to 4 includes 1, 1.5, 1.75, 2, 2.3, 2.6,
2.9, etc. and 1 to 1.5, 1 to 2, 1 to 3, 2 to 3.5, 2 to 4, 3 to
4, etc.). The terms "patient" and "subject" are intended
to include mammals, such as for human or veterinary
applications. The terms "distal" and "proximal" are used
to refer to a position or direction relative to an operating
physician. "Distal" and "distally" refer to a position that is
distant from, or in a direction away from, the physician.
"Proximal" and "proximally" refer to a position that is near,
or in a direction toward, the physician. And the term "in-
terventional device(s)" is used to include, but is not limited
to, guidewires, balloon catheters, stents and stent cath-
eters.
[0068] The scope of the present guide extension cath-
eters and methods should be determined with reference
to the appended claims, along with the full scope of equiv-
alents to which such claims are entitled. In the appended
claims, the terms "including" and "in which" are used as
the plain-English equivalents of the respective terms
"comprising" and "wherein." Also, in the following claims,
the terms "including" and "comprising" are open-ended;
that is, a device or method that includes features or com-
ponents in addition to those listed after such a term in a
claim are still deemed to fall within the scope of that claim.
Moreover, in the following claims, the terms "first," "sec-
ond" and "third," etc. are used merely as labels, and are
not intended to impose numerical requirements on their
objects.
[0069] The Abstract is provided to allow the reader to
quickly ascertain the nature of the technical disclosure.
It is submitted with the understanding that it will not be
used to interpret or limit the scope or meaning of the
claims.

Claims

1. A guide extension catheter for use with a guide cath-
eter, comprising:

an elongate tube member defining a lumen and
having an outer diameter smaller than a lumen
of the guide catheter; and

a push member eccentrically coupled to the tube
member and extending proximally therefrom for
slidably positioning the tube member within and
partially beyond a distal end of the guide cath-
eter,
at least a proximal end portion of the push mem-
ber including a cross-section defined by an ar-
cuate first surface, which is configured to en-
gage an inner wall surface of the guide catheter
along an arc length defined by a guide catheter
central angle of least 20 degrees, and a second
surface, which is located opposite the first sur-
face, having a center point at least 0.010 inches
from a center point of the first surface.

2. The guide extension catheter of claim 1, wherein the
first surface of the push member’s proximal end por-
tion has the same radius of curvature as the guide
catheter’s inner wall surface.

3. The guide extension catheter of claim 2, wherein the
cross-section of the proximal end portion of the push
member is further defined by third and four arcuate
surfaces that connect the first and second surfaces,
the third and four surfaces having a radius of curva-
ture less than the radius of curvature of the first sur-
face.

4. The guide extension catheter of any one of claims
1-3, wherein the push member is solid.

5. The guide extension catheter of any one of claims
1-4, wherein an intermediate portion or a distal end
portion of the push member includes a rectangular
cross-section defining an area less than an area of
the cross-section of the proximal end portion of the
push member.

6. The guide extension catheter of any one of claims
1-4, wherein an intermediate portion or a distal end
portion of the push member includes a circular cross-
section defining an area less than an area of the
cross-section of the proximal end portion of the push
member.

7. The guide extension catheter of any one of claims
1-6, wherein the proximal end portion of the push
member has a proximal stiffness and a distal end
portion of the push member has a distal stiffness,
which is less than the proximal stiffness.

8. The guide extension catheter of any one of claims
1-7, wherein the proximal end portion has a relatively
low flexibility, a distal end portion has a relatively
high flexibility, and an intermediate portion has a mid-
dle flexibility between that of the relatively low flexi-
bility of the proximal end portion and the relatively
high flexibility of the distal end portion.
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9. The guide extension catheter of any one of claims
1-8, wherein the arc length of the first surface is
greater than a length of the second surface.

10. The guide extension catheter of any one of claims
1-9, further comprising one or more bands along the
length of the push member to urge the push member
to one side of the guide catheter’s inner wall surface.

11. The guide extension catheter of any one of claims
1-10, wherein a diameter of the lumen of the tube
member is not more than one French size smaller
than a diameter of the lumen of the guide catheter.

12. The guide extension catheter of any one of claims
1-11, further comprising a concave track defining a
partially cylindrical opening leading into the tube
member.

13. The guide extension catheter of claim 12, wherein a
first segment of the concave track includes an arcu-
ate cross-sectional shape, and a second segment
of the concave track includes a hemicylindrical
cross-sectional shape.

14. The guide extension catheter of any one of claims
1-13, wherein a proximal end of the tube member is
skived.

15. The guide extension catheter of any one of claims
1-11, wherein a proximal end of the tube member is
at least partially radially flared.
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