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(57) Abstract: Sizing catheters that include an inner member and an outer member. The mner member includes an elongate shatt and
a plurality of radiopaque markers spaced axially from each other and secured to an outer surface of the shatt, the span of radiopaque
markers defining a first portion of the inner member. The outer member that 1s disposed snugly around and in substantial contact with
the mner member along at least the first portion of the mnner member.
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SIZING CATHETERS

INCORPORATION BY REFERENCE
(0001] All publications and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication or patent

application was specifically and individually indicated to be incorporated by reference.

BACKGROUND
10002] Catheters that incorporate a plurality of spaced radiopaque markers can be used to,
when positioned inside a patient and visualized using X-ray based techniques such as
fluoroscopy, determine one or more dimensions of a vessel in which it is placed (e.g., diameter),
or establish a magnification factor that the X-ray is using. An exemplary use of such a catheter
can be to determine one or more dimensions of a vessel to help select an appropriately sized
implant that is to be implanted within the vessel. These catheters may be referred to herein as
sizing catheters or scaling catheters.
[0003] Sizing catheters that incorporate a plurality of axially spaced radiopaque markers are
known. Standard sizing or scaling catheters incorporate the plurality of axially spaced
radiopaque markers in such a way that the markers are disposed on the outside of an elongate
shaft, such that the markers form an outer surface of the catheter at the locations of the markers.
There is a risk that after the catheter has been advanced into the subject, the markers may
become dislodged or disassociated from the elongate shaft, and remain inside the patient,
subjecting the patient to serious complications. For example, the catheter may be advanced
along a somewhat or very tortuous path, bending the catheter, which may result in forces being
applied at the locations where the markers are coupled to the elongate shaft, which may cause the
markers to become disassociated from the shalft.
[0004] Additionally, to deliver the sizing catheter to a target location inside the patient,
sizing catheters may be advanced through an introducer catheter or sheath, which can include a
hemostasis valve at the proximal end of the introducer. As the sizing catheter 1s advanced
through the hemostasis valve, forces from the valve on the sizing catheter and radiopaque
markers can destabilize the marker/shaft interface, thus increasing the likelihood that the markers
can become dislodged inside the patient.
[0005] Sizing catheters and scaling catheters are needed that eliminate the risk that the

plurality of radiopaque markers become dislodged from the catheter and remain in the patient.
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SUMMARY OF THE DISCLOSURE
[0006] The disclosure relates to sizing catheters.
[0007] One aspect of the disclosure is a sizing catheter that includes an inner member
comprising a resilient elongate shaft and a plurality of radiopaque markers spaced axially from
each other and secured to an outer surface of the elongate shaft, the span of radiopaque markers
defining a first portion of the inner member, and an outer member that is disposed snugly around
and in substantial contact with the inner member along at least the first portion of the inner
member.
[0008] In some embodiments a thickness of the outer member is less than 0.01 inches.
[0009] In some embodiments the elongate shaft comprises a wall thickness of at least three
times the thickness of the outer member.
0010] In some embodiments the elongate shaft and the outer member comprise an
elastomeric material.
(0011] In some embodiments the elongate shaft comprises a radiopaque material.
[0012] In some embodiments the distance between adjacent radiopaque markers 1s
substantially uniform, and optionally from 0.25 to 1.0 inches.
[0013] In some embodiments a distal end of the elongate shaft comprises a second portion
that extends further distally than a distal end of the outer member.
[0014] In some embodiments the distal end of the elongate shaft comprises a decreasing wall

thickness.

[0015] In some embodiments a distal end of the elongate shaft defines the distal end of the
sizing catheter.

[0016] In some embodiments the elongate shaft comprises a lumen extending therethrough.
[0017] In some embodiments the most distal radiopaque marker has a distal end that is less
than 0.2 inches from a distal end of the elongate shaft, and optionally less than 0.2 inches from a

distal end of the sizing catheter.

[0018] In some embodiments the outer member is disposed within a strain relief member at a

proximal region of the catheter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] FIG. 1 illustrates an exemplary sizing catheter.

[0020] FIG. 2 is a sectional view of a distal region of a sizing catheter.

[0021] FIG. 3 is a sectional view of a sizing catheter, wherein the section does not include a

radiopaque marker.,
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[0022] FIG. 4 is a sectional view of a sizing catheter, wherein the section includes a

radiopaque marker.

[0023] FIG. 5 is a sectional view of a proximal end of an exemplary sizing catheter.

DETAILED DESCRIPTION
[0024] The disclosure relates generally to sizing catheters, which may also be referred to as
scaling catheters. The sizing catheters herein include a plurality of radiopaque markers that can
be visualized using x-ray technologies such as tluoroscopy.
[0025] Figures 1-5 illustrate an exemplary sizing catheter. Figure 1 is a side view of catheter
10, which has distal end 12 and proximal end 14. Figure 2 illustrates Section D-D of catheter 10,
which is shown in Figure 1, and which includes distal end 12. Figure 3 illustrates Section E-E
shown in Figure 2, while Figure 4 illustrates Section F-F shown in Figure 2. Figure 5 illustrates
a proximal region of catheter 10, including proximal end 14.
[0026] As shown in Figures 1-4, sizing catheter 10 includes inner member 20 and outer
member 30. Inner member 20 includes resilient elongate shaft 22 and a plurality of radiopaque
markers 24 axially spaced from each other along elongate shaft 22. The plurality of radiopaque
markers 24 are secured to an outer surface of elongate shaft 22, such as by known swaging
processes. The axial span of the plurality of radiopaque markers 24 defines first portion 26 of
inner member 20,
[0027] As set forth above, there is a chance that any of the plurality of radiopaque markers
may become dislodged while catheter 10 is being advanced into the patient. To minimize, and
possibly eliminate, this risk, catheter 10 also includes outer member 30 that is disposed snugly
around and in substantial contact with inner member 20 along at least first portion 26 of inner
member 20. Outer member 30 extends over all of the plurality of radiopaque markers 24, and in
this embodiment has length 32, as can be seen in Figure 1. Outer member 30 acts as a cover to
inner member 20, helping prevent the plurality of radiopaque from becoming dislodged in use.
For example, as catheter 10 is advanced through a hemostasis valve, outer member 30 receives
the direct forces from the valve, eliminating the forces applied directly from the valve to the
radiopaque markers. Additionally, as catheter 10 bends while advancing it inside the patient,
outer member 30, by being disposed snugly around and in substantial contact with inner member
20 along the span of radiopaque markers, prevents the plurality of radiopaque markers from
being dislodged and remaining in the patient.
[0028] Figure 3 shows Section E-E from Figure 2, in which inner member 20 does not
include a radiopaque marker 24. Figure 3 shows outer member 30 disposed snugly around and

in contact with elongate shaft 22. Figure 4 show Section F-F from Figure 2, in which inner
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member 20 includes a radiopaque marker 24, Figure 4 shows outer member 30 disposed snugly
around inner member 20, which includes elongate shaft 22 and a radiopaque marker 24 secured
to an outer surface of elongate shaft 22. '

[0029] Length 32 of outer member 30 is slightly greater than the axial span of the plurality of
radiopaque markers 24 (see Figure 1). As shown in Figures 1 and 2, proximal end 31 of outer
member 30 is disposed proximal to the_proXimal end of the most proximal radiopaque marker,
and distal end 33 of the outer member 30 is disposed ‘distal to the distal end of the most distal
radiopaque marker. The proximal end of the outer member can be disposed at any location along

the inner member from the proximal end of the most proximal radiopaque marker to the

proximal end of the inner member. The distal end of the outer member can be disposed at any

location along the inner member from the distal end of the most distal radiopaque marker to the
distal end of the inner member. Extending the outer member 30 distal to the most distal marker
and proximal to the most proximal markers helps prevent the markers from being dislodged.
[0030] Outer member 30 is disposed snugly around and in substantial contact with inner
member 20 along at least first portion 26 of inner member 20. There may be some discrete
locations along first portion 26 for which outer member 30 does not make direct contact with
inner member 20, but for most of the length of first portion 26, there is contact between the outer
member 30 and inner member 20. For example, as will be described below, some of the outer
diameters of the plurality of radiopaque markers may be less than the outer diameter of the
elongate shaft 22. In these regions, outer member 30 may not be in direct contact with inner
member 20, but outer member 30 is still considered to be in substantial contact with inner
member 20 along the first portion 26. The outer member is also disposed snugly around the
inner member along at least firs portion 26. In this embodiment outer member 30 is generally
cylindrically shaped, even though there may be slightly raised regions at any of the locations of
the radiopaque markers due to any of the radiopaque markers having very slightly larger outer
diameters than the outer diameter of the elongate shaft. The outer diameter of the any of the
radiopaque markers may be very slightly different than the outer diameter of the elongate shatt
as a natural consequence of the assembly process, such as by swaging,

[0031] One method of manufacturing the sizing catheter in which the outer member becomes
disposed snugly around and in substantial contact with the inner member is by, after the plurality
of radiopaque markers are secured to the outer surface of the elongate shaft, heat shrinking the
outer member around the inner member. The heat shrinking process eftectively bonds the
elongate shaft of the inner member to the outer member, even if the outer member is not bonded
directly to the plurality of radiopaque markers. Thus, even though the outer member may be

bonded directly to the inner elongate shaft, but not directly to the plurality of radiopaque
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markers, the outer member is considered to be disposed snugly around and in substantial contact
with the inner member along at least first portion of the inner member.

[0032] There may be techniques other than heat shrinking that result in the outer member
béing disposed snugly around and in substantial contact with the inner member. For example, an
adhesive can be applied to at least one of the inner and outer members, and the outer member can
then be positioned around the inner member. The adhesive can bond the inner and outer
members together.

[0033] [n some embodiments the plurality of radiopaque markers may be made of a material
that allows them to bind to one or more of the inner and outer members during, for example, a
heat shrinking process, or other similar manufacturing process. In these instances the outer
member would be disposed snugly around and in substantial contact with the inner member. For
example, the radiopaque markers may include a polymeric material embedded with radiopaque
particles.

[0034] The plurality of radiopaque markers are made of, at least, one or more radiopaque
materials to enable visualization under an x-ray imaging process. Radiopaque materials that can
be used to make the markers are known, mere examples of which include platinum, platinum-
iridium, and gold. For example, in some embodiments the radiopaque markers are about 10%
platinum and about .5% iridium. In some embodiments the radiopaque markers can comprise a
polymeric material such as Pebax, and can have radiopaque particles, such as platinum or
iridium, embedded therein.

[0035] In some embodiments the elongate shaft comprises an elastomeric material such as,
without limitation, PEBAX®. The elongate shaft can also include one or more radiopaque
materials embedded, or loaded, therein. For example, the elongate shaft can be made from an
elastomeric material loaded with, for example without limitation, barium sultate.

[0036] In some embodiments the outer member comprises an elastomeric material, and in
some embodiments in which the inner member includes an elastomeric member, the elastomeric
materials can be the same, or they may be ditfterent. For example, in some embodiments the
outer member and the inner member include PEBAX®, and may in fact be the same type of
PEBAX®. In some embodiments the elongate shaft includes an elastomeric material with
radiopaque materials loaded therein, and the outer member includes the same elastomeric
material without radiopaque materials loaded therein. In some embodiments the inner and outer
members include elastomeric materials embedded with radiopaque materials.

[0037] In some embodiments the elongate shaft has a thickness that is greater than a
thickness of the outer member, an example of which is shown in sizing catheter 10, The

thickness of the outer member may in some embodiments be relatively thin, compared to the
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thickness of the elongate shaft, so that the outer member does not significantly increase the outer
diameter of the sizing catheter. There may thus be advantages to the outer member having a
thickness that is as small as possible, while still being able to prevent the plurality ot radiopaque
markers from being dislodged from the inner member. In some embodiments the elongate shatt
is at least three times as thick as the outer member, and in some embodiments the elongate shatt
is at least five times as thick, and in some embodiments is at least eight times as thick. For
example, in some embodiments the elongate shaft has a thickness that 1s about .008 inches to
about .012 inches, and the outer member has a thickness that 1s about .0008 to about .0012
inches. In some exemplary embodiments the thickness of the outer member is less than .01
inches.

[0038] In some exemplary embodiments the inner diameter of the elongate shaft 1s .035
inches to about .055 inches, and the outer diameter of the elongate shaft is about .058 inches to
about .07 inches. In some exemplary embodiments the radiopaque markers each have a
thickness that is .001 inches to .003 inches.

[0039] In some embodiments the distance between adjacent radiopaque markers is
substantially uniform, such as, for example, between 0.25 and 1.0 inches. In some embodiments
the distance between adjacent radiopaque markers is not substantially uniform. In the
embodiment in Figures 1-5, the distal most radiopaque marker has a distal end that is less than
0.2 inches from the distal end of the elongate shaft, and may be less than 0.1 inch from the distal
end of the elongate shaft.

[0040] In the exemplary embodiment in Figures 1-5, the distal end of the inner member, and
specifically the elongate shaft, extends further distally than the distal end of the outer member
(see Figure 2). In other embodiments the outer member can extend as far distally as the inner
member. In the embodiment in Figures 1-5, the distal end of the elongate shaft defines the distal
end of the sizing catheter, although in other embodiments the sizing catheter may include a
separate distal tip that is attached to the distal end of the inner member and which defines the
distal end of the sizing catheter. An exemplary advantage of not having a separate distal tip
attached to the distal end of the sizing catheter is that there is no risk of a separate distal tip
separating from the sizing catheter and being left behind in the patient.

[0041] In the embodiment in Figures 1-5, second portion 28 (see Figure 2) of the elongate
shaft, which extends further distally than the distal end of the outer membér, has a region 25 with
a decreasing wall thickness in the distal direction. Region 25 has a generally rounded outer
surface, and can have a single radius of curvature or not. At least a portion of region 25 can have
a radius of curvature of about .005 to about .045 inches. In this embodiment the sizing catheter

does not have a separate atraumatic tip on its distal end, and the generally rounded distal region
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25 provides the sizing catheter with a generally atraumatic tip without having to have a separate
distal tip attached thereto. In alternative embodiments, however, region 25 can be beveled, or it
can be a combination of straight and curved lines.

[10042] Sizing catheter also includes lumen 40 defined by the inner surface of elongate shaft
22, as shown in Figure 2. The lumen can receive and deliver a contract agent from the proximal
end of the sizing catheter and out of the distal end of the sizing catheter.

[0043] In the embodiment in Figures 1-3, sizing catheter 10 includes proximal hub 60 and
strain relief member 50, which protects the elongate shaft in the proximal region. As can be seen
in Figure 5, elongate shaft 22 extends through strain relief member 50 and proximal hub 60, with
proximal end 14 of sizing catheter 10 being dispoSed within proximal hub 60, Hub 60 has a
channel therein that can receive a contrast agent delivery device, the channel being in fluid

communication with lumen 40 defined by the inner surface of elongate shaft 22.
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CLAIMS

WHAT IS CLAIMED IS:

1. A sizing catheter, comprising:
an inner member comprising a resilient elongate shaft and a plurality of
radiopaque markers spaced axially from each other and secured to an outer surface of the

elongate shaft, the span of radiopaque markers defining a first portion of the inner

member; and

an outer member that is disposed snugly around and in substantial contact with
the inner member along at least the first portion of the inner member.

2. The catheter of Claim 1, wherein a thickness of the outer member is less than 0.01 inches.

3. The catheter of Claim 2, wherein, the elongate shaft comprises a wall thickness of at least

three times the thickness of the outer member.

4, The catheter of Claim 1, wherein the elongate shaft and the outer member comprise

polymeric material,

5. The catheter of Claim 1, wherein the elongate shaft comprises a radiopaque material.

6. The catheter of Claim 1, wherein the distance between adjacent radiopaque markers is

substantially uniform and is between 0.25 and 1.0 inches.

7. The catheter of Claim 1, wherein a distal end of the elongate shaft comprises a second

portion that extends further distally than a distal end of the outer member.

8. The catheter of Claim 7, wherein the second portion comprises a decreasing wall
thickness.
9. The catheter of Claim 7, wherein a distal end of the second portion of the elongate shaft

defines the distal end of the sizing catheter.
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10.  The catheter of Claim 1, wherein the elongate shaft comprises a lumen extending

therethrough.

11.  The catheter of Claim 1, wherein the most distal radiopaque marker has a distal end that

is less than 0.2 inches from a distal end of the elongate shaft.

12.  The catheter of Claim 1, wherein the outer member is disposed within a strain relief

member at a proximal region of the catheter.
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