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Fig. 3b

(57) Abstract: Methods and apparatus are disclosed for a catheter having a side-port, through which a device, for example, a wire,
may be advanced, and a vestibule in the outer surface of the catheter at the distal edge of the side-port. The vestibule is operable for
providing a gap between the catheter body and a distal tip of the device positioned through the side-port whereby the vestibule facil -
itates advancement of the device 5 through the side-port and through tissue towards a desired trajectory. In examples wherein the
device is a wire having a distal tip electrode, energy may be delivered to a tissue adjacent the side-port, while avoiding damage to a
wall of the catheter body.
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Side-port Catheter
CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application claims the benefit of the filing date of U.S. Provisional Application
Ser. No. 61/932,891, filed Jan. 29, 2014, entitled “Side-port Catheter”, the entire disclosure which
is hereby incorporated by reference into the present disclosure. This application also incorporates
by reference the entire disclosure of PCT International Application Ser. No. PCT/IB2015/050396,
filed Jan. 19, 2015, entitled “Collapsible Tip Re-entry Catheter”.

TECHNICAL FIELD

[0002] The disclosure relates to the field of medical devices, and in particular relates to the

field of catheters.
SUMMARY

[0003] Enabling a medical device (e.g. a wire such as an angled wire) to be directed through a
catheter side-port in a desired direction, such that damage to the catheter is avoided, is achieved
by providing a side-port catheter having a geometry, including, for example, a vestibule at or
about the distal end of the side-port, which facilitates advancement of the tip of the wire through
the side-port in a desired trajectory while avoiding contact with the catheter body. Some
embodiments of the wire (or other device) include an electrode at the distal tip for delivering

energy to tissue adjacent the catheter without damaging the catheter.

[0004] In one broad aspect, embodiments of the present invention are for a catheter
comprising: a catheter body, the catheter body comprising a catheter body wall defining a lumen,
and a side-port defined by a side of the catheter body wall in fluid communication with the
lumen, a first region of the catheter body wall at or adjacent to a distal end of the side-port being
oriented in a first direction, and a second region of the catheter body wall adjacent to the first

region being oriented in a second direction.

[0005] As a feature of this broad aspect, some embodiments include the first and second
regions cooperating to provide a longitudinal gap between a distal wall of the side-port and an

outer surface of the catheter body.

[0006] In a further broad aspect, embodiments of the present invention include a method of

using a medical device for re-entry into a true lumen of a vessel, the method comprising the steps
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of: (a) advancing the medical device through a lumen of a catheter positioned within a wall of the
vessel; (b) locating a side-port of the catheter; and (c) positioning a distal tip of the medical
device through the side-port such that the distal tip contacts a tissue of the wall of the vessel

substantially without contacting a body of the catheter.

[0007] In another broad aspect, embodiments of the present invention include a method of
using a medical for re-entry into a true lumen of a vessel, the method comprising the steps of (a)
advancing a medical device through a lumen of a catheter positioned within a wall of the vessel;
(b) locating a side-port of the catheter; and (c) positioning the medical device through the side-
port such that a distal tip of the medical device is distanced from both a body of the catheter as

well as a tissue of the vessel.

[0008] In another broad aspect, embodiments of the present invention include a catheter for
use with an angled wire for re-entry into a true lumen of a vessel, the catheter comprising: a
catheter body, the catheter body comprising a catheter body wall defining an off-centre lumen
and a side-port in fluid communication with the lumen, a thickness of the catheter body wall
about the side-port and a length of the side-port configured such that, in use, a tip of the angled
wire positioned through the side-port in a relaxed state is in contact with a tissue of the vessel

substantially without contacting the catheter body wall.

[0009] In a further broad aspect, embodiments of the present invention include a kit
comprising a catheter for use with an angled wire for re-entry into a true lumen of a vessel and at

least one angled wire.

[0010] In a further broad aspect, embodiments of the present invention are for a system
comprising a catheter for use with an angled wire for re-entry into a true lumen of a vessel, at
least one angled wire, and an electrosurgical generator for delivering electrical energy to the at

least one angled wire.
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] In order that the invention may be readily understood, embodiments of the invention

are illustrated by way of examples in the accompanying drawings, in which:
[0012] Fig. 1 is a cut away side view of an embodiment of a catheter;

[0013] Fig. 2a to 2c are top views of portions of catheters illustrating different side-port

embodiments;
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[0014] Fig. 2b is a top view of a portion of a catheter which includes an alternative side-port

embodiment;

[0015] Fig. 2c is a top view of a portion of a catheter which includes another alternative

side-port embodiment;

[0016] Fig. 3a is a perspective view of another embodiment of a catheter including a side-

port;

[0017] Fig. 3b is a cut away side view of the catheter of Fig. 3a;

[0018] Fig. 4a is a top view of another embodiment of a catheter including a side-port;
[0019] Fig. 4b is a cut away side view of the catheter of Fig. 4a;

[0020] Figs. 5a to 5c are cut away views showing different embodiments of markers; and

[0021] Figs. 6a to 6g are cut away views showing the side-port region of different

embodiments of catheters.
DETAILED DESCRIPTION

[0022] Some surgical procedures include a wire being advanced through a vessel of a
patient’s body and taking a sub-intimal path, intentionally or unintentionally. A physician then
has the option of using a device such as a re-entry catheter with a side-port to regain access to the
true lumen (i.e. the lumen of the vessel). For example, a wire may be directed through a passive
side-port (i.e. the side-port of a non-deflecting catheter) of the re-entry catheter to create a
channel back to the true lumen. Once access to a true lumen of a vessel has been regained, a wire
advanced into the true lumen may be used as a rail to advance devices, such as balloons or stents,

into the true lumen.

[0023] To re-enter a true lumen, a guide-wire (or any other suitable device) typically
changes trajectory from sub-intimal advancement parallel with the longitudinal axis of the vessel
lumen, to a trajectory oblique or normal to the longitudinal axis of the vessel lumen, generally
directed towards the center of the vessel lumen. Typical side-port re-entry catheters have a side-
port wherein the distal surface of the side-port substantially comprises a single surface which may
be curved or planar (i.e. flat). When exiting the catheter through the side-port, the tip of a device
will slide along the distal surface of the side-port. When a typical re-entry catheter is positioned

sub-intimally, tissue of the vessel wall is typically pressed/biased against the side-port of the
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catheter obstructing advancement therethrough, thereby constraining a tip of a wire which has
been advanced long the single surface of the side-port distal side, whereby the tip of the wire will
simultaneously press against and contact the distal surface of the side-port and the tissue. Upon
delivery of energy (e.g. mechanical, electrical, optical, ultrasonic, and etc.) to the wire tip
positioned at the side-port, rather than advancing the wire through the tissue, the energy may on
occasion damage the catheter body and effective re-entry may be prevented due to proximity of
the wire tip to the catheter wall at the side-port. In other words, the tissue surrounding the wire at
the side-port constrains the tip of the wire such that applied energy may not cut the vessel intima

in the direction required for re-entry advancement of the wire.

[0024] The present inventors have discovered and reduced to practice a re-entry catheter
having a geometry about the side-port which allows the tip of a medical device, for example, a
wire such as an angled wire, to be positioned to exit the side-port in a desired direction and to
avoid damaging a wall of the catheter when energy is delivered to the device. The side-port re-
entry catheters have a configuration for the side-port wherein the catheter body wall has a first
region at or adjacent to a distal end of the side-port being oriented in a first direction and second
region adjacent to the first region being oriented in a second direction, wherein, typically, the
second region defines at least part of the vestibule. Details of the unique geometry of the
inventive embodiments, including configurations of a wall of the catheter body at or adjacent to a

distal portion of the side-port, are described hereinbelow.

[0025] These embodiments provide several benefits and advantages, including but not
limited to: 1) facilitating initial contact with tissue in the direction of desired advancement and
establishing an initial trajectory such that the tip emerges from the side-port in the direction
designed for re-entry such that, upon advancement, the wire will continue in that direction; 2)
providing improved tissue contact for improving efficacy of energy delivery (particularly when
using electrical energy; and 3) minimizing contact between a tip of the wire and the side-port wall

(i.e. the surface of the catheter body which defines the side-port).

[0026] With specific reference now to the drawings in detail, it is stressed that the particulars
shown are by way of example and for purposes of illustrative discussion of certain embodiments
of the present invention only. Before explaining at least one embodiment of the invention in
detail, it is to be understood that the invention is not limited in its application to the details of

construction and the arrangement of the components set forth in the following description or
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illustrated in the drawings. The invention is capable of other embodiments or of being practiced
or carried out in various ways. Also, it is to be understood that the phraseology and terminology

employed herein is for the purpose of description and should not be regarded as limiting.

[0027] The disclosed catheter is not limited to being used for re-entry procedures and may
be used for other procedures. For example, the disclosed catheter may be used in a procedure
involving bifurcated vessels. In one such example, a guide-wire could be advanced to a branch of
a bifurcation. In the case of a bifurcation which is occluded, the disclosed catheter may be used to

advance a cutting wire, sharp tipped or electrode tipped, into a branch of the occluded bifurcation.

[0028] As to be explained with respect to the drawings, components of typical embodiments of

the invention are:

[0029] 1) a side-port 13 defined by the wall of a catheter 8 (i.e. a side-port defined by a catheter
body 9);

[0030] 2) for embodiments for use with an angled wire, the sidewall of the catheter 8 in the
vicinity of the side-port 13 is sufficiently thick to define a side-port of a depth adequate for an
angled wire 19 to relax, at least in part, to its pre-set angled shaped, which positions the wire tip
in contact with tissue adjacent the catheter in the direction required for re-entry, and ensures the
tip is not in contact with the side-port edges (or other parts of the catheter body); in some (but not
all) embodiments this is achieved by the catheter 8 having an off-center through-lumen 23 within
catheter body 9 which provides greater wall thickness on the side-port side of the catheter relative
to the side of the catheter opposite to the side-port, thereby reducing the total outer diameter of

the catheter necessary to achieve the minimal necessary wall thickness (e.g. Fig. 3b); and

[0031] 3) the side-port 13 having a geometry which, when the wire 19 is positioned/directed to
the side-port, positions the wire tip in contact with tissue in the direction required for re-entry,

thereby limiting or preventing contact of the side-port wall 17 with the wire’s tip (e.g. Fig. 4b).

[0032] Embodiments of catheter 8 may also be used with other devices, for example, a steerable
wire. Embodiments of the catheter including a wire deflecting means may be used with a straight,
deflectable wire. Catheter 8 may also be used with, for example, wires having a distal tip
electrode configured for cutting tissue, or with suitably configured sharp tipped wires or devices,
or with other suitable devices. For explanatory purposes, this disclosure typically describes the

use of catheter with a wire.



10

15

20

25

30

WO 2015/114560 PCT/IB2015/050682

[0033] Fig. 1 illustrates an embodiment of catheter 8 including a catheter body 9 defining a
lumen 23, a side-port 13 in fluid communication with lumen 23, a proximal sleeve 31, a distal
portion 22 of catheter body 9, a vestibule 11, a distal tip 25, an end opening 21 in fluid
communication with lumen 23, and a marker 16. In this embodiment, lumen 23 is co-axial with
catheter body 9 (i.e. lumen 23 is not off-center with respect to the catheter body). Details of
vestibule 11 are described with respect to Figs. 2, 3 and 4. Distal portion 22 is the portion of
catheter body 9 distal of side-port 13. The marker 16 of Fig. 1 includes a marker band 16a and a
marker backbone 16b. Marker band 16a is proximal of side-port 13, and marker backbone 16b is
substantially parallel and opposite to side-port 13. Side-port 13 is typically elongate. In the
embodiment of Fig. 1, the distal end of marker backbone 16b is slightly distal of side-port 13, and
is substantially aligned with a distal end of vestibule 11. A wire braid layer 14, seen in the left
side of the drawing, terminates proximally of side-port 13. The embodiment of Fig. 1 includes
side-port 13 located in a recessed portion 10, unlike the embodiment of Fig. 4 (described below),
which does not include the recessed portion. Recessed portion 10 comprises a portion of the

catheter which is recessed from a surrounding portion of the catheter.

[0034] In the embodiment of Fig. 1, the inner diameter of catheter body 9 is about 0.040 £
0.004 inches (about 1.02 + 0.102 mm) at the distal end of wire braid layer 14 and is about 0.035 £
0.004 inches (0.89 £ 0.102 mm) at the distal tip of the catheter (i.e. at end opening 21). The
distance from the proximal end of marker band 16a to the distal tip of the catheter is about 0.587
+ 0.294 inches (14.91 = 7.46 mm). The distance from the distal end of side-port 13 to the distal
tip of the catheter is about 0.332 £ 0.166 inches (8.43 £ 4.21 mm).

[0035] Some embodiments of the catheter may be used with a 0.035 inch (0.89 mm) outer
diameter (OD) guide-wire in a 6F introducer sheath. When the embodiment of catheter 8 of Fig. 1
is used with a 0.035 inch (0.89 mm) guide-wire, the inner diameter of 0.035 + 0.004 inches (0.89
+ 0.102 mm) at end opening 21 will provide a close fit to the guide-wire and the relatively larger
inner diameter of 0.040 £ 0.004 inches (about 1.02 = 0.102 mm at the distal end of wire braid

layer 14 will provide for trackability over the guide-wire.

[0036] Fig. 2a illustrates a portion of an embodiment of a catheter, including the side-port.
Vestibule 11 is not shown in the illustration of Fig. 2a and is described with reference to Figs. 3a
and 3b hereinbelow. The embodiment of side-port 13 shown in Fig. 2a is elongate to allow an

angled wire to have enough space to assume its relaxed position without hitting the surface
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defining the distal end of the side-port (side-port wall 17). The embodiment of side-port 13 of
Fig. 2a has a straight side length of about 0.142 + 0.014 inches (3.61 + 0.36 mm) and end semi-
circular portions each with a radius of about 0.020 + 0.002 inches (0.508 = 0.051 mm).

[0037] Figs. 2b and 2c illustrate alternative embodiments of side-port 13. In Fig. 2b, side-port 13
is substantially keyhole-shaped. In Fig. 2c, side-port 13 has a substantially tapered oblong-shaped
configuration having two elongate longitudinal sides that are substantially equal in length, and

two rounded ends wherein one end is wider.

[0038] The embodiment of Fig. 2a also includes, in broken line, marker 16 which includes
marker band 16a and marker backbone 16b. Marker 16 may be used in conjunction with medical
imaging to visualize the location of side-port 13 and to help direct wire 19 towards a true lumen
(or some other target). Typical embodiments of wire 19 also include imaging markers which may,
in some embodiments, be alignable with marker 16. In some embodiments, marker 16 is
radiopaque. Marker band 16a is proximal of side-port 13 and marker backbone 16b is
substantially opposite to side-port 13 i.e. aligned at about 180° relative to the side-port. Unlike
the embodiment of Fig. 1, the Fig. 2a embodiment includes the distal end of marker backbone
16b substantially aligning with the distal end of side-port 13 (in the embodiment of Fig. 1, the
distal end of marker backbone 16b is slightly distal of side-port 13).

[0039] The length of marker 16 is about 0.256 + 0.026 inches (6.50 £ 0.66 mm), the length
of marker backbone 16b is about 0.216 = 0.022 inches (5.48 + 0.559 mm), the thickness of
marker backbone 16b is about 0.010 £ 0.01 inches (0.25 £ 0.03 mm), the length of marker band
16a is about 0.040 + 0.004 inches (about 1.02 + 0.102 mm), the outer diameter of marker band
16a is about 0.050 £ 0.005 inches (1.27 = 0.13 mm) and the inner diameter is about 0.044 + 0.004
inches (1.12 + 0.11 mm). The size and configuration of marker 16 may differ depending on the

configuration of side-port 13, for example.

[0040] Figs. 5a to 5c are cut away views showing different examples of markers. In the
embodiment of Fig. 5a, a distal end 16¢ of marker 16 is located at a position approximately
equivalent to a longitudinal mid-point of the side-port 13 for facilitating positioning of a device
relative to the side-port. In the embodiment of Fig. 5b, a midpoint marker 26 is at a position
approximately equivalent to a longitudinal midpoint of the side-port 13 for facilitating positioning
of a device relative to the side-port. The example of Fig. 5c includes a flexible marker 27 which

comprises a flexible radiopaque polymer and is distal of the side-port for facilitating positioning
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of a device relative to the side-port. In the example of Fig. 5Sc, flexible marker 27 is substantially
about the same distance from side-port 13 as is marker band 16a to aid in visualizing the position

of the side-port.

[0041] Fig. 3a is a perspective view of an embodiment of a catheter and Fig. 3b is a cut away
view of the catheter of Fig. 3a. The embodiment of Fig. 3 includes a recessed portion 10 whereby
side-port 13 is set back from the outer surface of catheter 8 defined by the outer diameter of
catheter body 9, and a vestibule sidewall 12 which defines a vestibule 11. Vestibule 11 is adjacent
to a distal region of the side-port 13. The vestibule 11 is operable for providing a gap (or
clearance) between the catheter body 9 and a distal tip of a device (wire 19) positioned through
the side-port. The thickness of the catheter body is greater at distal end 11a of the vestibule than
at proximal end 11b of the vestibule. In other words, the vestibule is a gap in the outer portion of
catheter body 9 that provides clearance for distal tip 32 of the wire to exit the catheter without
contacting and possibly damaging catheter body 9. In the embodiment of Figs. 3a and 3b,
recessed portion 10 of catheter body 9 comprises a sloped surface distal of side-port 13; with Fig.

3b illustrating the sloped surface comprises a curved depression.

[0042] In Figs. 3a and 3b, the first region 34 is comprised of the distal wall of side-port 13

and the second region 35 comprises a sloped surface defining a distal wall of the recessed portion.

[0043] The embodiment of Figs. 3a and 3b further includes an off-center lumen 23 whereby
catheter body 9 can provide sufficient sidewall thickness on the side-port side for the recessed
portion 10. The catheter sidewall opposite the side-port is relatively thinner to reduce the total
diameter of catheter 8. The sidewall of the catheter 8 in the vicinity of the side-port 13 is
sufficiently for the side-port to have adequate depth for an angled wire 19 to relax, at least in part,
to its pre-set angled shaped. The necessary side-port depth needed for this is dependent on the
distance the tip of the angled wire is spaced apart from the central axis of the wire i.e. the lateral
distance of the tip from the main shaft of the wire. The needed side-port depth determines the
distance the lumen must be off center to accommodate an angled wire. For example, a wire
having a tip with a relatively greater sideways displacement would require a relatively deeper

side-port and a more off centered lumen.

[0044] The embodiment of side-port 13 of Fig. 3a has a substantially hourglass-shaped
configuration. The wide proximal end of side-port 13 is easier to locate with the distal tip of wire

19 than a relatively narrower side-port; the narrow middle portion is operable to center the tip of
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an advancing wire 19 to aid in pointing the tip; and the wide distal portion of side-port 13
facilitates the distal tip of wire 19 exiting catheter 8. Alternative embodiments of catheter 8§
comprise a side-port 13 that is substantially keyhole-shaped (e.g. Fig. 2b) or is a substantially
tapered oblong-shaped configuration (e.g. Fig. 2¢), with the proximal end of side-port 13 of such
embodiments being relatively wider to facilitate locating the side-port with the tip of wire 19, and

the distal end of side-port 13 being relatively narrower to assist in directing wire 19.

[0045] Fig. 4a is a top view of an alternative embodiment of a catheter including a side-port,
and Fig. 4b is a cut away side view of the catheter of Fig. 4a. The side-port 13 of the embodiment
of Fig. 4 is substantially not recessed, unlike the side-port of the embodiment of Fig. 3. The side-
port wall 17 of Fig. 4b is substantially straight and at a 90° angle (perpendicular) to the
longitudinal axis of the catheter, at both the proximal and distal ends of the side-port (as well as
therebetween). Side-port 13 of Fig. 4 is similar in shape to the elongate capsule-shaped side-port
of Fig. 2. Vestibule 11 of Fig. 4 may be described as a C-shaped or a semi-circular shaped cut in
the catheter body 9 at the distal end of side-port 13.

[0046] As illustrated in Fig. 4b, the semi-circular shaped cut in the catheter body 9 removes
a top portion of the distal end of side-port wall 17 while leaving a bottom portion of the wall
intact. Vestibule 11 is at a distal region of the side-port 13. In the example of Fig. 4b, both the
proximal wall and the distal wall of the side-port 13 are each defined by a wall of the catheter

body 9.

[0047] In the embodiment of Fig. 4b, the first region 34 of the catheter body wall includes
the distal wall of the side-port 13 and the second region 35 of the catheter body wall comprises a
cut-away portion at an outer surface of the catheter body 9 (the vestibule) adjacent the distal wall
of the side-port. The vestibule 11 is operable for providing a gap (or clearance) between the
catheter body 9 and a distal tip of a device (wire 19) positioned through the side-port. The
thickness of the catheter body is greater at a distal end 11a of the vestibule than at a proximal end

11b of the vestibule.

[0048] In some of the disclosed embodiments, vestibule 11 is a feature of catheter body 9
which is in communication with side-port 13 (e.g. Figs. 3a and 3b), and in some other

embodiments vestibule 11 is a feature of side-port 13 (e.g. Fig. 4b).
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[0049] Figs. 6a to 6g are cut away views showing the regions of the wall of catheter body 9
of different embodiments of side-port re-entry catheters. Each of the embodiments has a
configuration wherein the wall of a catheter body 9 has a first region 34 at or adjacent to a distal
end of the side-port 13 being oriented in a first direction and second region 35 adjacent to the first
region 34 being oriented in a second direction, wherein the first and second regions cooperate to
provide a longitudinal gap between a distal wall of the side-port and an outer surface of the
catheter body. The division between the first and second regions is indicated in the drawings by a
transition 33. Furthermore, in most of the embodiments, the second region 35 defines at least part

of the vestibule 11.

[0050] In the embodiment of Fig. 6a, first region 34 is perpendicular to a longitudinal axis of
the catheter body 9, second region 35 is angled in a planar orientation relative to the first region

and the second region 35 defines vestibule 11.

[0051] The example of Fig. 6b illustrates a first region 34 which is perpendicular to a
longitudinal axis of the catheter body 9, a second region which 35 is angled in a planar orientation
relative to the first region and is parallel to longitudinal axis of the catheter body 9. Fig. 6b further
illustrates a third region 36 which is angled in a planar orientation relative to the second region

and which defines the vestibule.

[0052] In the embodiment of Fig. 6c¢, first region 34 is perpendicular to a longitudinal axis of
the catheter body 9, second region 35 is curved, and vestibule 11 is defined by second region 35.
When the examples of Figs. 6a, 6b, and 6¢ are in use, the first region 34 is operable to guide a
device being advanced through the side-port in a direction different from the second direction of

the second region 35.

[0053] In the embodiment of Fig. 6d, the first region 34 is angled relative to a longitudinal
axis of the catheter body 9 and the second region 35 defines a notch at the outer surface of the

catheter body 9.

[0054] In the embodiment of Fig. 6e, the first region 34 is parallel to a longitudinal axis of

the catheter body 9, the second region 35 is curved, and the second region defines vestibule 11.

[0055] In the embodiment of Fig. 6f, the first region 34 is parallel to a longitudinal axis of
the catheter body 9, the second region 35 is angled in a planar orientation relative to the first

region, and the second region defines vestibule 11.
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[0056] In the embodiment of Fig. 6g, the first region 34 is parallel to a longitudinal axis of
the catheter body 9 and the second region 35 is curved, and the third region 36 defines a notch at
the outer surface of the catheter body 9. In the example of Fig. 6g, the vestibule is defined by
third region 36 at the end of second region 35. In the embodiments of Figs. 6e, 6f, and 6g, the end

of first region 34 closest to side-port 13 forms a point and is not considered to be a surface.

[0057] When an embodiments of 19 Figs. 6e, 6f, and 6g is in use, the catheter is operable to
have an angled wire 19 advanced along lumen 23 of with the distal tip 32 of the wire positioned
within side-port 13, until until a side of the angled wire 19 abuts and is supported by a proximal
end of the first region 34, whereby the proximal end of the first region is operable to function as a
brace to direct the wire away from contacting the second region. In other words, when in use, the
proximal end of the first region 34 is operable to function as a brace to direct a suitable device

being advanced through side-port 13 away from contacting the second region 35.

[0058] With reference to the figures, an embodiment of a method of the present invention of
using a medical device (e.g. a radiofrequency-based guide-wire) for re-entry into the true lumen
of the vessel is described hereinbelow. The embodiment typically includes the steps of: (a)
advancing a medical device, for example, an angled wire 19, through lumen 23 of catheter body 9
positioned within a wall of the vessel under imaging, and (b) locating side-port 13 (which is in
fluid communication with the lumen) with the distal tip 32 of wire 19 wherein side-port 13 is
elongate and a vestibule 11 is at or adjacent to a distal region of the side-port, and (c) positioning
the wire 19 in the side-port 13 such that the distal tip 32 of wire 19 contacts a tissue (tissue not
shown in Fig. 3) which abuts an outer surface of the catheter without distal tip 32 contacting a
body of the catheter, such as is shown in the example of Fig. 3b. In Fig. 3b, wire 19 is bent which
facilitates electrode 20 of wire 19 contacting tissue (not shown in drawings) that is pressing
against the outer surface of catheter body 9 adjacent recessed portion 10 (and substantially
covering or obstructing recessed portion 10) such that electrode 20 does not contact catheter body
9. Typically, both catheter body 9 and wire 19 include imaging markers to facilitate the step (b)
of locating side-port 13 using the distal tip of wire 19 and step (c) of positioning the distal tip of
wire 19. In typical embodiments of the method, wire 19 comprises an electrode 20, and the
method further comprises a step (d) of delivering energy to the tissue through the electrode 20 to
cut into the tissue. Typical embodiments of the method further comprise a step (e) of advancing

the wire 19 into the tissue and into the true lumen of the vessel. In some embodiments of the
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method, wire 19 is advanced from the configuration of Fig. 3b, while simultaneously delivering
energy, whereby electrode 20 cuts into tissue and wire 19 advances into the tissue. The energy

may be, for example, radiofrequency or microwave electrical energy.

[0059] Some embodiments of the method comprise an alternative step (d) of advancing the
angled wire (starting from the configuration of Fig. 3b) without delivering electrical energy, i.e.
in the absence of energy delivery, such that electrode 20 slides along the constraining tissue
substantially without puncturing the tissue until the side of wire 19 protrudes into the side-port
13, abuts an vestibule sidewall 12 associated with the side-port and vestibule sidewall 12
functions as a support or a brace for wire 19, at which time advancement of wire 19 is terminated,
resulting in wire 19 being in a supported configuration. That the vestibule sidewall is associated
with the side-port 13 should be understood to mean that a vestibule 11 may be a part of side-port,
adjacent to the side-port or in communication with the side-port. In such embodiments of the
method, wire 19 typically has an atraumatic tip whereby distal tip may slide along the tissue
without damaging tissue before energy delivery. The supported configuration of wire 19 includes
electrode 20 being in contact with the tissue but not in contact with vestibule sidewall 12 (or any
part of catheter body 9). Such embodiments typically further include a step (e) of delivering
energy to the tissue through electrode 20 (located at a distal tip of the angled wire 19) to cut into
the tissue while avoiding/limiting damage to vestibule sidewall 12, and a step (f) of advancing the

wire into the tissue.

[0060] A second embodiment of the method of the present invention of using a medical
device (typically a wire such as an angled wire) for re-entry into a true lumen of a vessel
comprises the steps of (a) advancing the medical device through a lumen of a catheter positioned
within a wall of the vessel, (b) locating a side-port 13 in communication with the lumen 23 of the
catheter with the medical device, (c) positioning the medical device in the side-port 13 such that a
distal tip of the medical device is distanced from both catheter body 9 as well as a tissue of the
vessel. The positioning of step (¢) may occur, for example, when the medical device is a wire
with distal bent portion which is long enough for a distal tip of the wire to fit into the side-port
(and into recessed portion 10 for those embodiments of the catheter having the recessed portion)
but the distal bent potion is not long enough for distal tip of the medical device to contact the
tissue. This embodiment of the method includes the further steps (d) of further advancing the

medical device along lumen 23 until a side of the medical device abuts and is supported by a
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vestibule sidewall 12 of a vestibule associated with the side-port 13 and the distal tip of the
medical device is not in contact with the tissueto thereby define a first supported position, and (e)
further advancing the medical device until the distal tip of the medical device contacts tissue
while avoiding contact with the body of the catheter, to thereby define a second supported
configuration. Typically, the second supported configuration includes an electrode 20 of the
medical device being in contact with the tissue but not in contact vestibule sidewall 12 (or any
part of catheter body 9). Typical embodiments include the electrode 20 being located at a distal
tip of the angled medical device and the method further comprising a step (f) of delivering energy
to the tissue whereby through the electrode to cut into the tissue. Typical embodiments further

include a step (g) of advancing the medical device into the tissue.

[0061] Through the application of the above method, the distal tip electrode 20 of the
medical device may be used to deliver energy to tissue without damaging side-port wall 17 or

vestibule sidewall 12, thereby maintaining the integrity of catheter 8.

[0032] Despite the structural differences between the embodiments of Figures 3 and 4, the
embodiment of Fig. 4 functions in a manner similar to that of Fig. 3 when used by one skilled in
the art, and the above described method may be practiced using the embodiments of both Figs. 3

and 4, and other embodiments disclosed herein.

[0033] Some alternative embodiments of the method include the use of a sharp-tipped

mechanical wire rather than a wire with a distal tip electrode.

[0034] The embodiments of the invention described above are intended to be exemplary
only. The scope of the invention is therefore intended to be limited solely by the scope of the

appended claims.

[0035] It is appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also be provided in combination in a
single embodiment. Conversely, various features of the invention, which are, for brevity,
described in the context of a single embodiment, may also be provided separately or in any

suitable subcombination.

[0036] Although the invention has been described in conjunction with specific embodiments
thereof, it is evident that many alternatives, modifications and variations will be apparent to those

skilled in the art. Accordingly, it is intended to embrace all such alternatives, modifications and
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variations that fall within the broad scope of the appended claims. All publications, patents and
patent applications mentioned in this specification are herein incorporated in their entirety by
reference into the specification, to the same extent as if each individual publication, patent or
patent application was specifically and individually indicated to be incorporated herein by
5  reference. In addition, citation or identification of any reference in this application shall not be

construed as an admission that such reference is available as prior art to the present invention.
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We claim:

1. A catheter comprising: a catheter body, the catheter body comprising a catheter body wall defining a
lumen, and a side-port defined by a side of the catheter body wall in fluid communication with the lumen,
a first region of the catheter body wall at or adjacent to a distal end of the side-port being oriented in a
first direction, and a second region of the catheter body wall adjacent to the first region being oriented in

a second direction.

2. The catheter of claim 1, wherein the first and second regions cooperate to provide a longitudinal gap

between a distal wall of the side-port and an outer surface of the catheter body.

3. The catheter of claim 1, wherein the first region is perpendicular to a longitudinal axis of the catheter

body.

4. The catheter of claim 3, wherein the second region is angled in a planar orientation relative to the first

region.
5. The catheter of claim 3, wherein the second region is curved.
6. The catheter of claim 1, wherein the first region is parallel to a longitudinal axis of the catheter body.

7. The catheter of claim 6, wherein the second region is angled in a planar orientation relative to the first

region.
8. The catheter of claim 6, wherein the second region is curved.

9. The catheter of claim 1, wherein the first region is angled relative to a longitudinal axis of the catheter

body.
10. The catheter of claim 1, wherein the first region is curved.

11. The catheter of claim any one of claims 1, 2, 3, 6,9 and 10 wherein the second region defines a notch

at the outer surface of the catheter body.
12. The catheter of any one of claims 1-10, wherein the side-port is elongate.
13. The catheter of any one of claims 1-10, wherein the second region defines at least part of a vestibule.

14. The catheter of claim 13, wherein, in use, a distal tip of a device positioned through the side-port and
located within the vestibule is distanced from the catheter body wall to avoid damaging the catheter body

wall.

15. The catheter of any one of claims 3-5, wherein, in use, the first region is operable to guide a device
being advanced through the side-port in a direction different from the second direction of the second

region.
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16. The catheter of any one of claims 6-8, wherein, in use, a proximal end of the first region is
operable to function as a brace to direct a device being advanced through the side-port away from

contacting the second region.

17. The catheter of claim 1, wherein the lumen is off-center within the catheter body, a wall thickness of
the catheter body wall being greater on the side of the catheter body wall defining the side-port relative to

an opposing side of the catheter body.
18. The catheter of claim 1, wherein the lumen is co-axial with the catheter body.

19. The catheter of claim 13 wherein a thickness of the catheter body wall is greater at a distal end of the

vestibule than at a proximal end of the vestibule.
20. The catheter of claim 1, wherein the side-port is substantially elongate.

21. The catheter of claim 1, the catheter body defining a recessed portion, the side-port being located

within the recessed portion.

22. The catheter of claim 21, wherein the second region comprises a sloped surface defining a distal wall

of the recessed portion.

23. The catheter of claim 1, further comprising a marker, the marker including a marker band and a

marker backbone.

24. The catheter of claim 23, wherein the marker band is proximal of the side-port for facilitating

longitudinal positioning of the catheter.

25. The catheter of any one of claims 23 or 24, wherein the marker backbone is substantially parallel to

the side-port.

26. The catheter of claim 23, wherein a distal end of the marker is located at a position approximately
equivalent to a longitudinal mid-point of the side-port for facilitating positioning of a device relative to

the side-port.

27. The catheter of claim 23, further comprising a midpoint marker at a position approximately
equivalent to a longitudinal midpoint of the side-port for facilitating positioning of a device relative to the

side-port.

28. The catheter of claim 23, further comprising a flexible marker distal of the side-port comprising a

flexible radiopaque polymer for facilitating positioning of a device relative to the side-port.

29. The catheter of claim 20, wherein the side-port has a straight side length of about 3.2 to about 4.0 mm

and two end semi-circular portions each with a radius of about 0.45 to about 0.55 mm.
30. The catheter of claim 23, wherein the marker has a length of about 5.8 to about 7.2 mm.

31. The catheter of claim 23, wherein the marker backbone has a length of about 4.9 to about 6.1 mm and

a thickness of about 0.22 to about 0.28 mm.
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32. The catheter of claim 23, wherein the marker band has a length of about 0.9 to about 1.1 mm.

33. The catheter of claim 1, wherein both a proximal wall and a distal wall of the side-port, each defined
by the catheter body wall, are substantially perpendicular relative to a longitudinal axis of the catheter

body and wherein the first region of the catheter body wall includes the distal wall of the side-port.

34. The catheter of claim 33, wherein the second region of the catheter body wall comprises a cut-away

portion at an outer surface of the catheter body adjacent the distal wall of the side-port.

35. The catheter of claim 20, wherein the side-port has a substantially hourglass-shaped configuration.
36. The catheter of claim 20, wherein the side-port is substantially capsule-shaped.

37. The catheter of claim 20, wherein the side-port is substantially keyhole-shaped.

38. The catheter of claim 20, wherein the side-port has a substantially tapered oblong-shaped

configuration.

39. A method of using a medical device for re-entry into a true lumen of a vessel, the method comprising

the steps of:
(a) advancing the medical device through a lumen of a catheter positioned within a wall of the vessel;
(b) locating a side-port of the catheter; and

(c) positioning a distal tip of the medical device through the side-port such that the distal tip contacts a

tissue of the wall of the vessel substantially without contacting a body of the catheter.

40. The method of claim 39, wherein the catheter and the medical device each comprise at least one

imaging marker to facilitate the step of locating the side-port.

41. The method of claim 39, wherein the medical device comprises an electrode at the distal tip thereof
and wherein the method further comprises a step (d) of delivering energy to the tissue through the

electrode to cut the tissue.

42. The method of claim 41, further comprising a step (e) of advancing the medical device into the true

lumen of the vessel.
43. The method of claim 41, wherein the energy comprises radiofrequency electrical energy.
44. The method of claim 41, wherein the energy comprises microwave electrical energy.

45. The method of claim 39, further comprising a step (d) of advancing the medical device through the
side-port such that the distal tip of the medical device slides along the tissue substantially without
puncturing the tissue until a side of the medical device protrudes into the side-port and is supported by a

wall of a vestibule associated with the side-port.
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46. The method of claim 45, wherein the medical device comprises an electrode at the distal tip
thereof and wherein the method further comprises a step (e) of delivering energy to the tissue through the

electrode to cut the tissue.

47. The method of claim 46, further comprising a step (f) of advancing the medical device into the tissue.
48. The method of claim 46, wherein the energy comprises radiofrequency electrical energy.

49. The method of claim 46, wherein the energy comprises microwave electrical energy.

50. A method of using a medical device for re-entry into a true lumen of a vessel, the method comprising

the steps of:
(a) advancing a medical device through a lumen of a catheter positioned within a wall of the vessel;
(b) locating a side-port of the catheter; and

(c) positioning the medical device through the side-port such that a distal tip of the medical device is

distanced from both a body of the catheter as well as a tissue of the vessel.

51. The method of claim 50, further comprising a step (d) of further advancing the medical device until a
side of the medical device abuts and is supported by a side-wall of a vestibule associated with the side-

port, while avoiding contact with the tissue.

52. The method of claim 51, further comprising a step (e) of further advancing the medical device until
the distal tip of the medical device contacts the tissue while avoiding contact with the body of the

catheter.

53. The method of claim 52, wherein the medical device comprises an electrode located at the distal tip
thereof and wherein the method further comprises a step (f) of delivering energy to the tissue through the

electrode to cut the tissue.

54. The method of claim 53, further comprising a step (g) of advancing the medical device into the tissue.
55. The method of claim 53, wherein the energy comprises radiofrequency electrical energy.

56. The method of claim 53, wherein the energy comprises microwave electrical energy.

57. The method of any one of claims 39 to 56, wherein the medical device comprises a wire.

58. The method of claim 57, wherein the wire comprises an angled wire.

59. The catheter of claim 22, wherein the sloped surface comprises a curved depression.

60. A catheter for use with an angled wire for re-entry into a true lumen of a vessel, the catheter
comprising: a catheter body, the catheter body comprising a catheter body wall defining an off-centre
Iumen and a side-port in fluid communication with the lumen, a thickness of the catheter body wall about

the side-port and a length of the side-port configured such that, in use, a tip of the angled wire positioned
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through the side-port in a relaxed state is in contact ~ with a tissue of the vessel substantially without

contacting the catheter body wall.

61. The catheter of any one of claims 1 to 10, wherein the catheter body wall has a thickness and the side-
port has a length whereby an angled wire may, in a relaxed state, be positioned such that a tip of the

angled wire is in contact with a tissue of a vessel without contacting the catheter body wall.
62. A kit comprising the catheter of claim 60, further comprising at least one angled wire.

63. A system comprising the kit of claim 62, further comprising an electrosurgical generator for

delivering electrical energy to the at least one angled wire.
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