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(57) Abregée/Abstract:

A catheter Is provided that allows a user to operate the catheter in either long rail or monorail mode. The catheter comprises a distal
region with two distal tips and a proximal region which defines a common lumen configured to receive a working element. The
distal region comprises a long rail aperture that is configured to receive a guidewire and that is communication with a long rail distal
tip. The distal region of the catheter further comprises a short raill aperture that is configured to receive a guidewire and that Is In
communication with a short rail distal tip. In operation, a proximal end of the guidewire may be selectively inserted into either the
long rail distal tip or the short rail distal tip.
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(57) Abstract: A catheter is provided that allows a user to operate the catheter in either long rail or monorail mode. The catheter
comprises a distal region with two distal tips and a proximal region which defines a common lumen configured to receive a working
N clement. The distal region comprises a long rail aperture that is configured to receive a guidewire and that is communication with a
long rail distal tip. The distal region of the catheter further comprises a short rail aperture that is configured to receive a guidewire
and that is in communication with a short rail distal tip. In operation, a proximal end of the guidewire may be selectively inserted

into either the long rail distal tip or the short rail distal tip.
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COMBINED LONG RAIL/SHORT RAIL IVUS CATHETER

FIELD OF THE INVENTION

[0001] The field of the invention relates generally to catheter systems and, more particularly,

to intravascular catheter assemblies comprising both long rail and short rail design features n

one catheter.

BACKGROUND OF THE INVENTION

[0002] Catheter imaging technology has long been recognized for its potential use in medical

applications that involve visualizing the structure and conditions of a bo dy. Catheters are
commonly employed to help diagnose and treat medical conditions by allowing access to
remote and otherwise unreachable locations within a body. For example, catheter imaging

technology may be used to locate anatomy, position diagnostic and therapeutic medical

devices, and monitor surgery and surgical results.

[0003] These procedures are typically performed using imaging and treatment catheters that
are inserted percutaneously into the body and into an accessible vessel of the vascular system
at a site remote from the vessel or organ to be diagnosed and/or treated, such as the femoral
artery. The catheter is then advanced through the vessels of the vascular system to the region
of the body to be treated. The catheter may include an imaging device such as an ultrasound
imaging device that is used to locate and diagnose a diseased portion of the body, such as a
stenosed region of an artery. The catheter may also be provided with a therapeutic device, such
as those used for performing interventional techniques including balloon angioplasty, laser
ablation, atherectomy, and the like. Catheters also commonly are used for the placement of

orafts, stents, stent-grafts, etc., for opening up and/or preventing closure of diseased or

damaged vessels.

[0004] Catheters having ultrasound imaging and/or therapeutic capabilities are generally
known. For example, U.S. Patent No. 5,313,949, issued to Yock, the disclosure of which 1s
incorporated herein by reference, describes an intravascular ultrasound imaging catheter having
an atherectomy cutting device. In general, there are two predominant techniques used to
position the therapeutic catheter at the region of interest within the body. The first technique
simply involves directly inserting the catheter into a vessel and advancing the catheter through
the branches of the vascular system by pushing and steering the catheter to enter a desired

branch as the catheter is moved forward. The use of this technique typically requires that the
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catheter be equipped with an extremely flexible guidewire at its distal tip that can be aimed 1n

different directions by rotating the catheter or by actuating a steering mechanism.

[0005] The second technique utilizes a separate guidewire that is first positioned within the
vascular system such that a distal end of the guidewire extends beyond the region of interest.
The guidewire is routed into position by inserting it into a vessel and advancing it through the
vascular system by pushing and steering the guidewire similar to the method previously
described for a catheter. Once the guidewire is in place, the therapeutic and/or imaging
catheter is routed over the guidewire to the region of interest while holding the guidewire fixed

in place. The catheter being inserted includes a guidewire lumen that 1s sized to receive the

guidewire.

[0006] The use of a guidewire provides several advantages. Routing a catheter or guidewire
through a circuitous path of the complex network of blood vessels to a region of interest can be
a tedious and time consuming task. Placement of the guidewire is made even more difficult
with increasing vessel occlusion that may occur in the later stages of vascular disease. In
addition, many catheter procedures require the use of several different catheters. For instance,
an imaging catheter may be initially inserted to precisely locate and diagnose a diseased region.
Then, the imaging catheter may be removed and a therapeutic catheter, such as a balloon
angioplasty catheter, may be inserted. Additional therapeutic or imaging catheters may be
employed as necessary. Accordingly the successive insertion and removal of each of these
catheters, called catheter “exchanges,” is required because there is only enough space within
the vessels to rout a single catheter at a time. Hence, with the use of a guidewire, the tedious
and time-consuming task of routing a device to the region of interest need only be done once.
Then, the much easier procedure of routing catheters over the guidewire to the region of

interest may be performed as many times as the desired therapy dictates.

[0007] Traditional catheter systems utilized a guidewire lumen that spanned the entire length
of the catheter. These systems, referred to as “over-the-wire” systems, require the whole
length of the catheter to be inserted over the guidewire during an exchange. Exchange of a
catheter in such a system generally requires a very long guidewire or a guidewire extension.

The process may be time consuming and tedious.

[0008] In order to overcome the disadvantages of the over-the-wire method, rapid exchange
systems have been developed. Rapid exchange systems are generally preferred over
conventional over-the-wire systems because they do not require an extended guidewire. In

contrast to over-the-wire systems, a rapid exchange catheter interacts with the guidewire for a
-
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releltively short distance which allows for easier exchange of the catheter. There are two main
forms of rapid exchange systems: (1) long rail (or long lumen) rapid exchange or (2) short rail
(or monorail) rapid exchange. Current systems that embody a rapid exchange system generally

include either a long rail or a short rail system.

[0009] A catheter that is configured to operate in long rail rapid exchange mode generally has
an aperture located within about 15 to 40 cm from the distal tip that is configured to receive a
guidewire. The guidewire is threaded through the distal tip of the catheter along a long rail
lumen and exits out of the long rail guidewire aperture. The relatively long interaction of the
catheter and guidewire as compared to short rail operation increases the trackability or
pushability of the catheter. In general, the catheter will also comprise a common lumen that
extends from the proximal region that is configured to house a working element. The common
lumen and the guidewire lumen intersect within the distal region to form a distal common
lumen. In long rail mode, the guidewire may be retracted into the guidewire lumen during
operation of the working element to eliminate possible interference. After operation of the

working element, the working element may be retracted proximally and the guidewire

readvanced distally.

[0010] Other catheters are designed to have a short rail or monorail. Typically, a monorail
catheter includes an axial opening that is located within 10 cm from the distal tip. A short rail
lumen then extends distally from the opening towards the distal tip. The guidewire can be
inserted into the distal tip and exit the catheter via the short rail opening. Although the short

interaction of the guidewire and the monorail catheter reduces the trackability of the catheter,
the working element of the catheter may be operated with the guidewire 1n place because the

common lumen is separate from the short rail lumen.

[0011] U.S. Patent No. 5,531,700, issued to Moore et al. (the “Moore™ patent) discloses a
catheter comprising two guidewire ports in a distal region allowing for long rail rapid exchange
and short rail rapid exchange. However, the Moore patent does not include separaie distal tips
for the short rail and long rail lumens. Therefore, the proximal end of the guidewire cannot be

selectively advanced in the long rail lumen or short rail lumen without entering a common

lumen.

[0012] Tt would thus be desirable to provide the improved catheter described below that allows

for both long lumen and short lumen rapid exchange.



CA 02520356 2005-09-27
WO 2004/093963 PCT/US2003/041616

SUMMARY OF THE INVENTION

[0013] The improved catheter body can be introduced over a movable guidewire which has

been previously positioned at a desired location with the vascular system. Depending on the

clinical need, the physician can choose whether to use the long rail or short rail mode.

[0014] In one example embodiment, the improved catheter has a proximal region comprising a
common lumen configured to house a working element such as a transducer. The common
lumen may extend into a proximal portion of the distal region. The distal region preferably
comprises long rail and short rail axial openings or apertures that are each configured to
receive a guidewire. For example, the long rail guidewire aperture is preferably located within
about 15 to 40 cm from the distal end of the catheter and is in communication with a long rail
suidewire lumen. Within the proximal portion of the distal region, the common lumen and the
long rail guidewire lumen are separated by a first membrane in this embodiment. In this
embodiment, the distal portion also comprises a short rail lumen that is in communication with
the short rail guidewire aperture. The short rail guidewire aperture is preferably within about 1
to 10 cm from the distal end of the catheter. The short rail lumen is configured to receive a

guidewire and terminates at a short rail distal tip.

[0015] In one example embodiment of a method of using the example improved catheter n
long rail rapid exchange mode, the user would direct a proximal end of a guidewire into a long
rail distal tip. The guidewire would then be advanced through the distal long rail lumen, distal
common lumen and long rail guidewire lumen. The guidewire can then be further advanced
proximally in relation to the catheter such that the proximal end of the guidewire exits out of
the catheter via the long rail guidewire aperture. During operation of a working element, the
guidewire may be retracted into the long rail lumen and the working element advanced 1nto the
distal common lumen. Following operation of the working element, the working element may

be retracted and the guidewire readvanced.

[0016] To operate the improved catheter in an example method of a short rail mode, the user
would insert the proximal end of the guidewire into the short rail distal tip. The guidewire can
then be advanced through the short rail guidewire lumen and exit the catheter via the short rail
suidewire aperture. During operation of the working element in short rail mode, the guidewire
can remain in place because the short rail lumen does not intersect with the distal common

lumen.

[0017] Other systems, methods, features and advantages of the invention will be or will

become apparent to one with skill in the art upon examination of the following figures and
4-
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detailed description. It is intended that all such additional systems, methods, features and
advantages be included within this description, be within the scope of the invention, and be

protected by the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The details of the invention, both as to its structure and operation, may be gleaned 1n

part by study of the accompanying figures, in which like reference numerals refer to like parts.
The components in the figures are not necessarily to scale, emphasis instead being placed upon
illustrating the principles of the invention. Moreover, all illustrations are intended to convey
concepts, where relative sizes, shapes and other detailed attributes may be 1llustrated

schematically rather than literally or precisely.

[0019] FIG. 1 shows an example embodiment of an improved combined long/rail/short rail

catheter.

10020] FIG. 2 shows the distal region of an example embodiment of an improved combined

long/rail/short rail catheter.

[0021] FIG. 3A illustrates a cross-section of the catheter of FIG. 2 along the A-A axis.
[0022] FIG. 3B illustrates a cross-section of the catheter of F1G. 2 along the B-B axis.
[0023] FIG. 3C illustrates a cross-section of the catheter of FIG. 2 along the C-C axis.
[0024] FIG. 3D illustrates a cross-section of the catheter of FIG. 2 along the D-D axis.

[0025] FIG. 4 shows the distal region of an example embodiment of an improved combined

long rail/short rail catheter during the start of operation in long rail mode.

10026] FIG. 5 shows the distal region of an example embodiment of an improved combined

long rail/short rail catheter during operation in long rail mode.

[0027] FIG. 6 illustrates the distal region of an example embodiment of an improved combined

long rail/short rail catheter during operation of a working element in long rail mode.

[0028] FIG. 7 illustrates the distal region of an example embodiment of an improved combined

long rail/short rail catheter during the start of operation in short rail mode.

[0029] FIG. 8 shows the distal region of an example embodiment of an improved combined

long rail/short rail catheter during the operation of a working element in short rail mode.
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| DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0030] FIG. 1 illustrates an example embodiment of an improved combined long rail/short rail

catheter 10 which comprises an elongate catheter body 5 having a proximal end 7 and a distal
end 9. The catheter body 5 will include at least two regions, with a distal region 20 extending
from the distal end 9 of the catheter body 5 to a location spaced proximally from the distal end
9 and a proximal region 12 extending proximally from the proximal end 22 of the distal region

20.

10031] The catheter body 5 may be made any suitable material or combination of materials
including Pebax 70A, Tecoflex, polyethylene, nylon, hypo-tube, natural rubber, silicone
rubber, polyvinylchloride, polyurethanes, polyesters, polytetrafluorothylene (PTFE), and
thermoplastic polymers. The catheter body 5 may be formed as a composite having a
reinforcement material incorporated within the catheter body 5 in order to enhance strength,

flexibility, and toughness. Suitable enforcement layers include wire mesh layers and the like.

[0032] The catheter body 5 génerally will have a circular cross-sectional configuration.
Alternatively, the cross-section of the catheter body 5 may vary depending on the method of
manufacturing and desired use of the catheter 10. For example, the cross-section of the

catheter body 5 may have an oval cross-section.

[0033] The length of the catheter body 5 may range depending on the application of the
catheter 10. In general, the length of the catheter body 5 will be in the range ot 40 to 400 cm.
Preferably, the length of the catheter body 5 is in the range of 110-250 cm and most preferably
in the range of 110-175 cm. The distal region 20 of the catheter body 5 will typically have a

length of about 1 cm to 40 cm, more typically being in the range of about 2 cm to 30 cm.

[0034] The distal region 20 of the catheter body 5 preferably has a smaller diameter than the
proximal region. The catheter body 5 may comprise a tapered region 15 disposed between the
proximal region 12 and the distal region 20 that tapers downward from the proximal region 12
to the distal region 20. The diameter of the proximal region 12 of the catheter body 5 may vary
depending on the method of manufacturing and the intended use of the catheter 10. The
proximal region 12 of the catheter body 5 may have a diameter of, e.g. 0.020-0.120 inches and
the distal region 20 may have a diameter of, e.g., 0.01 to 0.12 inches (4 to 6 French). The
diameter of each region need not be constant and may be subject to some variation across the

length of the region.
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[0035] The improved combined long rail/short rail catheter is adapted to be operated with a
guidewire 70 (FIG. 4). The guidewire 70 may comprise a guidewire body 72 m the form of a
flexible, elongate tubular member. The guidewire body 72 may be formed of any material
known in the art including nitinol hypotube, metal alloys, composite materials, plastics, braided

polyimide, polyethylene, peek braids, stainless steel, or other superelastic materials.

[0036] The length of the guidewire 70 may vary depending on the application. Ina preferred
embodiment, the length of the guidewire 70 is between 30 cm and 300 cm. The catheter 10
may be configured to use several different diameters of guidewires 70. For example, the
ouidewire 70 may have a diameter of .010, .014, .018, or .035 inches. In a preferred
embodiment, the diameter of the guidewire 70 is substantially .014 inches. Typically, the

diameter of the guidewire 70 1s uniform.

[0037] Referring to FIG. 1, the proximal region 12 of the catheter body 5 preferably has a
common lumen 30 extending therethrough. The common lumen 30 is configured to receive a
working element 90 attached to the distal end 82 of a drive shaft 80. The working element 90
may comprise a diagnostic or therapeutic element. The working element 90 preferably
comprises an ultrasonic transducer. Alternatively, other working elements 90 may be provided
depending on the needs of the patient such as light-based imaging devices, other imaging
devices, cutting elements, abrasive elements, and other diagnostic and/or therapeutic elements
as known in the art. In a preferred embodiment, the common lumen 30 comprises substantially

smooth cylindrical walls that facilitate movement of the working element 90 along the

common lumen 30 (see, e.g., FIG. 3A).

[0038] Referring to FIG. 2, the distal region may comprise at least three region. The primary
region 40 of the distal region 20 is located adjacent to the proximal region 12. Therefore, the
primary region 40 is the most proximate region of the three distal re gions. The primary region
40 may comprise two lumens and a long rail guidewire aperture 42. The two lumens in the
primary region 40 include the common lumen 30 which extends from the proximal region 12
and a long rail guidewire lumen 44, as further illustrated in FIG. 3B. An intermediate region,
or secondary region 50, extends distally from the primary region 40 and comprises a single
lumen. The common lumen 30 and the long rail guidewire lumen 44 connect in the secondary
region 50 to form a distal common lumen 52, as illustrated in FIG. 3C. Finally, a tertiary
region 60 is located in the most distal portion of the distal region 20. The tertiary region 60

comprises two lumens and a short rail guidewire aperture 62. The two lumens that comprise

_7-
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the ‘Eertiary region include a short rail guidewire lumen 64 and a distal long rail lumen 66, as

further 1llustrated in FIG. 3D.

[0039] Returning to FIG. 2, the primary region 40 of the distal region 20 comprises a long rail
guidewire aperture 42, a long rail guidewire lumen 44 and a distal portion of the common
lumen 30. The primary region 40 preferably defines the long rail guidewire aperture 42. The
long rail guidewire aperture 42 is preferably located within about 15 to 40 cm of the distal end
9. In a most preferred embodiment, the long rail guidewire aperture 42 is located within 15 to
25 cm of the distal end 9. The long rail guidewire aperture 42 may be a recessed portion of the
catheter wall 6 which defines an axial opening that is configured to allow a guidewire 70 to
pass through the long rail guidewire aperture 42. Preferably, the diameter of the long rail
guidewire aperture 42 is approximately 0.001 to about 0.005 inches greater than the diameter
of the guidewire 70. The long rail guidewire aperture 42 allows the catheter 10 to be used mn a

long lumen rapid exchange mode as is described further below.

[0040] The long rail guidewire lumen 44 extends distally from the long rail guidewire aperture
42. The length of the long rail guidewire lumen 44 preferably is between about 1 to 15 cm.
The diameter of the long rail guidewire lumen 44 is sufficient to allow the guidewire 70 to
slidably move within the lumen. The long rail guidewire lumen 44 and the common lumen 30

are separated by a first membrane 48.

[0041] The long rail guidewire lumen 44 and common lumen 30 extend distally to form a
distal common lumen 52 in the secondary region 50 of the distal region 20. The distal common
lumen 52 is preferably configured to receive either a working element 90 or a guidewire 70.
Alternatively, the distal common lumen 52 may be configured to receive both a working
element 90 and a guidewire 70. In order to extend the working element 90 distally past the
primary region 40 and into the secondary region 50, the guidewire 70 generally will be
retracted into the long rail guidewire lumen 44. Once the guidewire 70 has been displaced imnto
the long rail guidewire lumen 44, the working element 90 can be moved distally into the distal
common lumen 52. If the user wishes to reposition the guidewire 70 in long lumen rapid
exchange mode after operation of the working element 90, the user may proximally retract the

working element 90 into the common lumen 30. Then the user may extend the guidewire 70

from the long rail guidewire lumen 44 distally.

[0042] In a preferred embodiment, the secondary region 50 further comprises an imaging
window 55. For a catheter having an acoustic transducer, The imaging window 3535 1s

configured to facilitate use of the transducer and should be sonolucent. The intersection
_8-
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beﬁveen the primary region 40 and the secondary region 50 of the distal region 20 may include
a first radioopaque marker band 34. The first radioopaque marker band 34 may be comprised
of any suitable material, including, but not limited to gold, tungsten, or platinum. Preferably,
the first radioopaque marker band 34 is located approximately 12 to 40 cm from the distal end
9 of the catheter 10. As discussed further below, the first radioopaque marker band 34 may be
used to assist a user in biasing a proximal end 74 of the guidewire 70 into the long rail

ouidewire lumen 44 during catheter exchange when operated in the long lumen rapid exchange

mode.

[0043] In this example embodiment, the tertiary re gion 60 of the distal region 20 comprises the
short rail guidewire lumen 64, a short rail guidewire aperture 62, the distal long rail lumen 66,
and two distal tips 65, 67. In a further embodiment, the tertiary region 60 further comprises a

second radioopaque marker band 36.

[0044] The tertiary region 60 of the distal region 20 defines a short rail guidewire aperture 62.
The short rail guidewire aperture 62 1s preferably located within about 1 to 10 cm of the distal
end 9. More preferably, the short rail guidewire aperture 62 is located approximately 5 cm
from the distal end 9. The short rail guidewire aperture 62 may be a recessed portion of the
catheter wall 6 which defines an opening that is configured to allow a guidewire 70 to pass
through the short rail guidewire aperture 62 and into the short rail guidewire lumen 64.
Preferably, the diameter of the short rail guidewire aperture 62 1s approximately 0.001 to about
0.005 inches greater than the diameter of the guidewire 70. The short rail guidewire aperture

62 allows the catheter 10 to be used in a short lumen rapid exchange, or monorail, mode.

[0045] The short rail guidewire lumen 64 extends distally from the short rail guidewire
aperture 62 to a short rail distal tip 65. The short rail guidewire lumen 64 is configured to
receive a guidewire 70. The diameter of the short rail guidewire Iumen 64 should be sufficient

to accommodate the guidewire 70 and to allow the guidewire 70 to slidably move within the

lumen.

[0046] The short rail distal tip 65 is configured to receive the proximal end 74 of a guidewire
70. In a preferred embodiment, the short rail distal tip 65 comprises a soft tip and may be

made from any suitable material such as Pebax.

[0047] The distal common lumen 52 extends from the secondary region 50 into the tertiary
region 60 to form a distal long rail lumen 66. The short rail guidewire lumen 64 and the distal

long rail lumen 66 may be separated by a second membrane 68. The distal long rail lumen 66

0.
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can be used as a flush lumen. In contrast to systems with an axial flush aperture, the distal
region 20 can be configured to allow for flushing out of the distal tip 67 via the distal long rail
lumen 66. Therefore, when a flushing fluid is utilized, the fluid travels along the vessel. This
eliminates trauma to the wall of the vessel that can be caused during flushing via an axial
opening. The improved catheter provides two lumens at the distal tip of the catheter to allow
the use of a working element while a guidewire is in place and to allow a guidewire to remailn
secured during flushing. Unlike the Moore system, the improved catheter permits flushing of

the catheter and vessel while the guidewire is extended.

[0048] The distal long rail lumen 66 extends distally to a long rail distal tip 67. The long rail
distal tip 67 is configured to receive the proximal end 74 of a guidewire 70. In a preferred
embodiment, the long rail distal tip 67 comprises a material similar to the short rail distal tip 65
such as Pebax. The long rail distal tip 67 and short rail distal tip 65 are preferably soft tips n
order to facilitate movement of the distal end 9 of the catheter 10 within the vasculature. The
diameter of the long rail distal tip 67 may be substantially equal to the diameter of the short rail
distal tip 65. Alternatively, the diameter of the long rail distal tip 67 may be greater than the
diameter of the short rail distal tip 65.

[0049] In a preferred embodiment, the tertiary region 60 of the distal region tapers slightly
downward ﬁear the distal end 9 of the catheter 10. Therefore the diameter of the distal end 9 1s
preferably smaller than the diameter of the primary region 40 and the secondary region 50 of
the distal region 20.

10050] A second radioopaque marker band 36 may be provided within the tertiary region 60 of
the distal region 20. The second radioopaque marker band 36 may be comprised of any
suitable material, including but not limited to gold, tungsten, or platinum. Preferably, the
second radioopaque marker band 36 is located within about 1 to 10 cm from the short rail distal
tip 65 and most preferably is in the range of about 1 to 4 cm from the short rail distal tip 65.
The second radioopaque marker band 36 is configured to assist the user in directing the

guidewire 70 through either the short rail guidewire lumen 64 or the distal long rail lumen 66.

[0051] In order to operate the catheter 10 in long rail or long lumen rapid exchange mode, the
user would guide a proximal end 74 of the guidewire 70 into the long rail distal tip 67 as shown
in FIG. 4. The catheter 10 may then be moved distally in relation to the guidewire 70. The
guidewire 70 would then move proximally through the distal long rail lumen 66 and into the
distal common lumen 52. The guidewire 70 can then be positioned such that the proximal end

74 of the guidewire 70 is directed into the long rail guidewire lumen 44 instead of the common
-10-
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Iumén 30. The guidewire may be biased to enter the long rail guidewire lumen 44 by the user.
The user can detect when the proximal end 74 of the guidewire 70 has entered the primary
region 40 because of the first radioopaque marker band 34 located at the intersection of the
primary region 40 and the secondary region 50 as is known in the art. As the catheter 10 1s

moved further distally in relation to the guidewire 70, the cuidewire 70 will exit the catheter 10

via the long rail guidewire aperture 42.

[0052] As shown in FIGs. 5 and 6, in order to operate a working element 90, the guidewire 70
may be moved distally from its engagement with a preselected region of a vessel such that the
distal end 76 of the guidewire 70 is within the long rail guidewire lumen 44. The working
element 90, which had been housed in the common lumen 30, may then be extended distally
into the distal common lumen 52, as shown in FIG. 6. After operation of the working element
90, the working element 90 can be retracted into the common lumen 30 and the guidewire 70

moved distally to the preselected region or another region of interest.

[0053] If the user wishes to provide a flushing fluid during the procedure, the working element
90 may be fully retracted. The flushing fluid may then be deposited within the common lumen
30. The flushing fluid will then advance distally and exit the catheter 10 via the long rail distal
tip 67. As stated above, the long rail distal tip 67 allows the flushing fluid to travel down the

vessel in contrast to conventional flushing systems which axially release the flushing fluid.

[0054] Use of the catheter 10 in long rail mode increases the trackability of the process as
compared to operation in short lumen rapid exchange mode. The increased interaction of the
guidewire 70 and the catheter 10 as compared to short rail operation reduces the likelihood of
bucking of the distal region 20. This increases the pushabulity of the catheter 10 and allows the

user to more easily position the distal region 20 within a preselected re g101.

[0055] Additionally, if the guidewire 70 is inserted through the long rail guidewire lumen 44,
the guidewire 70 may be retracted during operation of the working element 90. This allows a
diagnostic working element such as a transducer to operate without potential interference or

impairment from the guidewire 70.

[0056] However, sometimes operation of the catheter 10 in long rail mode may make
interchanging of the catheter 10 more difficult as compared to short rail mode. As shown 1n
FIG. 7, in order to operate the catheter 10 in short rail mode, a user would guide the proximal
end 74 of the guidewire 70 into the short rail distal tip 65. The catheter may then be moved

distally in relation to the guidewire 70 and the guidewire 70 would be moved proximally

-11-
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i

thrdugh the short rail guidewire lumen 64. The proximal end 74 of the guidewire 70 will then
exit the catheter 10 via the short rail guidewire aperture 62. Thus, as discussed above, the
proximal end 74 of the guidewire 70 may be alternately inserted into the long rail distal tip 67

and enter the long rail gnidewire lumen 44 when a long rail or long lumen rapid exchange

mode 1s desired.

[0057] As shown in FIG. 8, use of the short rail guidewire lumen 64 allows a guidewire 70 to
remain in place during operation of the working element 90. As discussed above, 1f the system
is used with the guidewire 70 inserted into the long rail guidewire lumen 44, the guidewire 70
cannot extend past the distal end 9 of the catheter 10 when a working element 90 1s 1n use.
Instead, the guidewire 70 must be retracted into the long rail guidewire lumen 44, Therefore,

use of the system in the short rail format allows the system to remain secured to a pre-selected

position during use of a working element 90.

[0058] In addition, the relatively short distance of interaction between the short rail guidewire

lumen 64 and the guidewire 70 allows a catheter 10 to be exchanged more easily than during

long rail usage.

[0059] Because using the catheter 10 in a short lumen or monorail format may reduce the

trackability of the catheter along the guidewire 70 as compared to the long rail mode, the

improved combined long rail/short rail catheter permits the user to use either mode as desired.

[0060] In the foregoing specification, the invention has been described with reference to
specific embodiments thereof. It will, however, be evident that various modifications and
changes may be made thereto without departing from the bro ader spirit and scope of the
invention. For example, the reader is to understand that the specific ordering and combination
of process actions shown in the process flow diagrams described herein is merely illustrative,
unless otherwise stated, and the invention can be performed using different or additional
process actions, or a different combination or ordering of process actions. As another example,
each feature of one embodiment can be mixed and matched with other features shown in other
embodiments. As yet another example, any kind of imaging technique may be employed, such
as ultrasound, light-based (e.g., OCT or OCDR), MRI, etc. Features and processes known to
those of ordinary skill may similarly be incorporated as desired. Additionally and obviously,
features may be added or subtracted as desired. Accordingly, the invention is not to be

restricted except in light of the attached claims and their equivalents.

-12-
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Claims

1. A catheter having a proximal region and a distal region, comprising:

a long rail distal tip being configured to receive a guidewire;

a long rail guidewire aperture disposed through an outer surface of the distal
region, the long rail guidewire aperture being configured to receive a guidewire;

a long rail guidewire lumen disposed within the distal re gion, the long rail
ounidewire lumen being in communication with the long rail guidewire aperture and the
long rail distal tip;

a short rail distal tip being configured to receive a guidewire;

a short rail guidewire aperture disposed through an outer surface of the distal
region, the short rail guidewire aperture being configured to receive a guidewire; and

a short rail guidewire lumen disposed within the distal region, the short rail
guidewire lumen being in communication with the short rail guidewire aperture and the

short rail distal tip.

2. The catheter of claim 1, further comprising a common lumen disposed within the -
proximal region, wherein the common lumen is configured to receive a working

element.

3. The catheter of claim 2, wherein the common lumen extends into a proximal portion of

the distal region.

4, The catheter of claim 2, wherein the common Iumen extends into an intermediate
portion of the distal region as a distal common lumen, the distal common lumen being

connected to and in communication with the common lumen and the long rail

guidewire lumen.

5. The catheter of claim 4, wherein the distal common lumen is configured to receive a

working element.

6. The catheter of claim 4, wherein the distal common lumen is configured to receive a
guidewire.
7. The catheter of claim 1, wherein the long rail guidewire aperture is located within 15 to

40 cm of the long rail distal tip.

_13-
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The catheter of claim 1, wherein the short rail guidewire aperture is located within 1 to

10 cm of the short rail distal tip.

The catheter of claim 1, further comprising a first radioopaque marker band, the first
radioopaque marker band being located at or near an overlap of the long rail guidewire

Jumen and the common lumen.

The catheter of claim 1, further comprising a second radioopaque marker band, the
second radioopaque marker band being located at or near an overlap of the short rail

guidewire lumen and the common lumen.

The catheter of claim 1, further comprising an imaging window being disposed within

an intermediate portion of the distal region.

The catheter of claim 1, wherein the short rail guidewire aperture is located distally of

the long rail guidewire aperture.

The catheter of claim 1, further comprising a first membrane between the long rail

guidewire lumen and the common lumen.

The catheter of claim 13, further comprising a second membrane between the short rail

guidewire lumen and the common Iumen.

The catheter of claim 1, further comprising a second membrane between the short rail

guidewire lumen and the common lumen.

The catheter of claim 1, wherein the distal tips are soft.

The catheter of claim 1, further comprising a working element.

The catheter of claim 17, wherein the working element includes an imaging device.
The catheter of claim 18, wherein the imaging device includes an ultrasound transducer.
The catheter of claim 18, wherein the imaging device includes a light-based 1mager.
The catheter of claim 17, wherein the working element includes a stent.

The catheter of claim 17, wherein the working element includes an atherectomy device.

_14-
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23.  The catheter of claim 17, wherein the working element includes a balloon.
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