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(57) Abstract: A catheter assembly (10) comprises a first elongate tubular member (12) having a proximal end portion (14) defin
ing a proximal end (15), a distal end portion (18) having an opening therein (20) and defining a distal end (22), and at least one 
lumen (24) defined between the proximal end (15) and the distal end (22). A second elongate tubular member (26) has a proximal 
end portion (28) defining a proximal end (30), a distal end portion (32) defining a distal end (34), and at least one lumen (36) de
fined between the proximal end (30) and the distal end (34). The second elongate tubular member (26) is received within the at 
least one lumen (24) of the first elongate tubular member (12), such that the distal end portion (32) of the second elongate tubular 
member (26) projects from the opening (20) in the distal end portion (18) of the first elongate tubular member (12). An elongate, 
shape- imparting clement (38) is receivable in the at least one lumen (24, 36) of at least one of the first elongate tubular member 
(12) and the second elongate tubular member (26). The shape-imparting element (38) imparts a non-rectilinear shape to the distal 
end portion (18, 32) of at least one of the first elongate tubular member (12) and the second elongate tubular member (26).
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"A catheter assembly”
Cross-reference to Related Applications

This application claims priority from US provisional patent application No. 
61/110,522 dated 31 October 2008, the contents of which are incorporated herein in by

5 reference in their entirety.

Field
The present disclosure relates, generally, to a catheter assembly and, more 

particularly, to a catheter assembly having a first catheter tube and a second catheter
10 tube that are both able to be introduced into an anatomical site through a single 

introduction path.
The catheter assembly has been developed primarily for use in diagnosing 

and/or treating heart conditions, particularly heart arrhythmias. However, it will be 
appreciated that the catheter assembly is not limited to this particular use and may also

15 be used to diagnose or treat other conditions.

Background
Catheter systems are becoming an increasingly common way of diagnosing and 

treating abnormal heart conditions, in particular, heart arrhythmias. Such arrhythmias
20 can be treated with drugs or by use of electronic devices such as pacemakers. 

However, these treatments alleviate, rather than cure, the condition.
In contrast, the use of ablative techniques has been shown to cure arrhythmias. 

Thus, catheters having mapping electrodes and/or ablative electrodes are inserted 
through the vascular system of a patient's body so that a distal end of the catheter can

25 be placed accurately in the relevant chamber of the heart. For the treatment of atrial 
fibrillation, the distal end is placed at or around the ostium of one or more of the 
pulmonary veins, in turn, to effect ablation.

In still other applications of ablative catheters, the catheter may be placed 
against a wall of a blood vessel or organ, for example, for heating tumours to treat of

30 such tumours. It is therefore desirable that a distal end of the catheter be substantially 
planar so that the distal end of the catheter assembly can be placed in contact with the 
wall of the vessel or organ.

A catheter assembly is disclosed in US Patent No. 6,771,996. This catheter 
assembly includes an outer catheter having a lumen and an inner catheter sized to fit

35 within and slide through the lumen of the outer catheter. Both catheters may be 
introduced into an anatomical site through a single introduction path. At the distal-end
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region of each catheter is an electrode system. One electrode system is for mapping the 
site; the other is for ablating the site. The distal-end regions of the catheters are able to 
assume a predetermined coiled or radially expanded configuration in the absence of an 
external force. During introduction of the inner and outer catheters into the anatomical

5 site, a guide wire extends through the catheters to deform the catheters from their 
naturally coiled or expanded configuration into a constrained linear configuration. 
Alternatively, a cylindrical introducer is placed over the catheters to constrain the 
catheters. Once the distal ends of the catheters have been placed at the desired 
anatomical location, the guide wire or introducer is removed to allow the catheters to

10 assume their predetermined coiled or radially expanded configurations.
A disadvantage of each of the catheter system embodiments disclosed in the

'996 patent is that the inner and outer catheters assume a specific, predetermined 
configuration after insertion. Accordingly, the shape of the catheters cannot be 
adjusted after insertion to account for differences in anatomical geometries. Therefore,

15 a large variety of differently configured catheters must be provided to cater for these 
differing geometries. Moreover, the time taken to complete a procedure on a patient 
can be significantly increased if the initially inserted catheter system needs to be 
swapped with a differently configured catheter system during the procedure. This 
additional time means that the patient, and in some cases the physician, has longer

20 exposure to radiation or drugs required during the procedure.
A further disadvantage of the catheter system embodiments disclosed in the '996

patent is that the inner catheter extends through an opening in the sidewall of the outer 
catheter. It can be difficult to align the distal end of the inner catheter with the sidewall 
opening in the outer catheter. The sidewall opening also complicates manufacture of

25 the outer catheter and represents a location of potential weakness in the outer catheter.

Summary
In a first aspect there is provided a catheter assembly which comprises: 
a first elongate tubular member having a proximal end portion defining a

30 proximal end, a distal end portion having an opening therein and defining a distal end, 
and at least one lumen defined between the proximal end and the distal end;

a second elongate tubular member having a proximal end portion defining a 
proximal end, a distal end portion defining a distal end, and at least one lumen defined 
between the proximal end and the distal end, the second elongate tubular member being

35 received within the at least one lumen of the first elongate tubular member, such that
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the distal end portion of the second elongate tubular member projects from the opening 
in the distal end portion of the first elongate tubular member; and

an elongate, shape-imparting element receivable in the at least one lumen of at 
least one of the first elongate tubular member and the second elongate tubular member,

5 the shape-imparting element imparting a non-rectilinear shape to the distal end portion 
of at least one of the first elongate tubular member and the second elongate tubular 
member.

The shape-imparting element may impart a shape to the distal end portions of 
both of the first and second tubular members. The shape imparted by the shape-

10 imparting element may be a substantially coiled shape. The coiled shape may comprise 
two coils. A first of the two coils may impart a coiled shape to the distal end portion of 
the first tubular member to form a first coiled part and a second of the two coils may 
impart a coiled shape to the distal end portion of the second tubular member to form a 
second coiled part, the second coiled part being distally spaced from the first coiled

15 part. The first coiled part and the second coiled part may each lie in a plane transverse 
to a longitudinal axis of the first tubular member and the second tubular member.

In an embodiment, the coiled part of the second tubular member may have a 
greater circumference than the coiled part of the first tubular member and the shape- 
imparting element may be of sufficient flexibility so that, in use, the coiled part of the

20 second tubular member is able to be displaced into a position proximally of the coiled 
part of the first tubular member.

In an embodiment, the catheter assembly of any one of the preceding claims, in 
which the shape-imparting element may be fast with the second elongate tubular 
member. The shape-imparting element and the second tubular member may therefore

25 be able to be removed from the first tubular member to be replaced by a shape- 
imparting element and/or a second tubular member of a different configuration.

The catheter assembly may further comprise a second elongate, shape-imparting 
element to impart a shape to the other of the first and second tubular members.

In an embodiment, the first tubular member and the second tubular member may 
30 be axially slidable relative to one another. In another embodiment, the first tubular

member and the second tubular member may be fixed with respect to each other.
The catheter assembly may include an introducer extending along at least a part 

of the length of the tubular members to retain that part of the tubular members in a 
substantially linear configuration during insertion into an anatomical site or during

35 insertion of the shape-imparting element into the at least one lumen.
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The catheter assembly may include a plurality of electrodes, for sensing and/or 
ablating, on the distal end portion of the first tubular member. Further, the catheter 
assembly may include a plurality of electrodes, for sensing and/or ablating, on the distal 
end portion of the second tubular member.

5 The electrodes of the second tubular member may stand proud of a surface of
the second tubular member for improved tissue contact.

The opening in the distal end portion of the first tubular member may be located 
at the distal end of the first tubular member.

The shape-imparting element may be in the form of a shape memory alloy wire. 
10 The catheter assembly may include a reinforcing element arranged about an

outer surface of the first tubular member. The reinforcing element may, for example, 
be a braided sleeve to provide additional torquability.

Each tubular member may comprise an inner member defining the at least one 
lumen, a plurality of conductors helically wound about the inner member and a

15 covering of an insulating material overlying the conductors so that the conductors are at 
least partially embedded in a wall of the tubular member, the conductors of the first 
tubular member being oppositely wound with respect to the conductors of the second 
tubular member.

The catheter assembly may include a position assisting component attached to
20 the distal end of the second tubular member. Further, the catheter assembly may 

include a tip element via which the position assisting component is attached to the 
distal end of the second tubular member. The tip element may be of a malleable 
material to inhibit trauma to a patient's vascular system. The tip element may be 
electrically conductive to be able to be used with an impedance-based navigation

25 system.
The position assisting component may carry a further tubular member which 

carries at least one electrode. At least a part of the further tubular member may be 
received over a part of the shape-imparting element with the part of the further tubular 
member and the distal end part of the second tubular member having a desired, distal,

30 non-linear shape imparted to them by the shape-imparting element.
In a second aspect, there is provided a catheter assembly which comprises: 
a first elongate, tubular member having a proximal end portion defining a

proximal end, a distal end portion having an opening therein and defining a distal end, 
and at least one lumen defined between the proximal end and the distal end, the

35 opening in the distal end portion of the first elongate tubular member being located at 
the distal end of the first elongate tubular member; and
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a second elongate tubular member having a proximal end portion defining a 
proximal end, a distal end portion defining a distal end, and at least one lumen defined 
between the proximal end and the distal end, the second elongate tubular member being 
received within the first elongate tubular member, such that the distal end portion of the

5 second elongate tubular member projects from the opening in the distal end portion of 
the first elongate tubular member.

The catheter assembly may include an elongate, shape-imparting element 
receivable in the at least one lumen of at least one of the first elongate tubular member 
and the second elongate tubular member, the shape-imparting element imparting a non-

10 linear shape to the distal end portion of at least one of the first elongate tubular member 
and the second elongate tubular member.

In a third aspect there is provided a catheter assembly comprising: 
a first elongate tubular member having a proximal end portion defining a

proximal end, a distal end portion having an opening therein and defining a distal end, 
15 and at least one lumen defined between the proximal end and the distal end;

a second elongate tubular member having a proximal end portion defining a 
proximal end, a distal end portion defining a distal end, and at least one lumen defined 
between the proximal end and the distal end, the second elongate tubular member being 
received within the at least one lumen of the first elongate tubular member, such that

20 the distal end portion of the second elongate tubular member projects from the opening 
in the distal end portion of the first elongate tubular member; and

an elongate, shape-imparting element receivable in the at least one lumen of the 
second elongate tubular member, the shape-imparting element imparting a non
rectilinear shape to the distal end portions of each of the first elongate tubular member

25 and the second elongate tubular member, the non-rectilinear shapes being axially 
spaced from each other.

The non-rectilinear shape may be a substantially coiled shape. The coiled shape 
may comprise two axially spaced coils, each coil lying in a plane substantially 
transverse to a longitudinal axis of the tubular members.

30 In a fourth aspect, there is provided a catheter system which comprises
a catheter assembly, as described above;
a handle having a proximal end and a distal end, the catheter assembly 

extending from the distal end; and
an operating mechanism carried by the handle for effecting relative 

35 displacement between the first tubular member and the second tubular member of the
catheter assembly.
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The operating mechanism may comprise a first component for effecting coarse 
adjustment of position of the first tubular member and the second tubular member 
relative to each other and a second component for effecting finer adjustment of position 
of the first tubular member and the second tubular member relative to each other.

5
Brief Description of the Drawings

Fig. 1 is a schematic, perspective view of an embodiment of a catheter system 
including a catheter assembly with an introducer of the assembly in a first position;

Fig. 2 is an enlarged, cross-sectional view of the assembly, taken along line 2-2 
10 of Fig. 1 prior to insertion of a shape-imparting element of the assembly;

Fig. 3 is a schematic, perspective view of the catheter system of Fig. 1, with the 
introducer of the catheter assembly in a second position;

Fig. 4 is an enlarged, cross-sectional view of the assembly, taken along line 4-4 
of Fig. 3;

15 Figs. 5 to 7 show various embodiments of a distal end portion of the shape-
imparting element;

Fig. 8 is a schematic, perspective view of a further embodiment of a catheter 
system;

Fig. 9 is a schematic, perspective view of still a further embodiment of a 
20 catheter system;

Fig. 10 shows a schematic, perspective view of yet a further embodiment of a 
catheter system;

Fig. 11 shows an enlarged, cross-sectional view of the catheter system of Fig. 10 
taken along line 11-11 in Fig. 10;

25 Fig. 12 shows a schematic, perspective view of a distal portion of a variation of
the catheter system of Fig. 10;

Fig. 13 shows a perspective view of a distal portion of yet another catheter 
assembly;

Fig. 14 shows a perspective, stripped away view of the distal part of the catheter 
30 assembly of Fig. 13 with the shape-imparting element omitted; and

Fig. 15 shows a cross-sectional end view of the distal part of the catheter 
assembly of Fig. 13 with the shape-imparting element omitted.

Detailed Description of the Preferred Embodiments
35 In the drawings, reference numeral 10 generally designates an embodiment of a

catheter assembly. The catheter assembly 10 includes a first elongate tubular member
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12 having a proximal end portion 14 defining a proximal end 15 and a distal end 
portion 18 defining a distal end 22. An opening 20 is located at the distal end 22 of the 
first tubular member 12. The tubular member 12 defines a lumen 24 extending 
between the proximal end 15 and the distal end 22. A plurality of electrodes 25 are

5 provided at spaced intervals on the distal end portion 18 of the first elongate tubular 
member 12. In this embodiment, the electrodes 25 are used for ablation purposes

A second elongate tubular member 26 is received in the lumen 24 of the first 
tubular member 12. In this embodiment, the second tubular member 26 is slidable 
axially in the lumen 24 of the first tubular member 12. The second tubular member 26

10 also includes a proximal end portion 28 defining a proximal end 30 and a distal end 
portion 32 defining a distal end 34. The second tubular member 26 defines a lumen 36 
extending between the proximal end 30 and the distal end 34. The distal end 34 of the 
second elongate tubular member 26 projects from the opening 20 in the distal end 
portion 18 of the first elongate tubular member 12. A plurality of electrodes 37 are

15 provided at spaced intervals on the distal end portion 32 of the second tubular member 
26. In this embodiment, the electrodes 37 are used for sensing or diagnostic purposes.

As described in the Applicant's International patent publication number 
W02003/094764 dated 9 May 2003 and entitled "An ablation catheter", the electrodes 
37 on the distal end portion 32 of the second tubular member 26 can be used for

20 sensing of electrical activity in walls of pulmonary veins of a patient's vascular system, 
with the electrodes 25 at the distal end portion 18 of the first tubular member 12 being 
used for ablation purposes and being arranged, in use, at an ostium of the relevant 
pulmonary vein.

Each of the first tubular member 12 and the second tubular member 26 is
25 manufactured in accordance with the Applicant's manufacturing techniques, as 

disclosed in International Patent Publication No. WO 02/32497, entitled "An electrical 
lead". Briefly, the manufacturing technique comprises providing an inner, tubular 
member, winding conductors helically about the inner tube and covering the conductors 
with a jacket of a polymeric material so that the conductors are at least partially

30 embedded in a wall of the tubular lead so formed. Parts of the conductors are exposed 
by laser cutting the jacket at the desired locations to form access openings to the 
conductors, the laser cutting operation also removing insulation from the exposed parts 
of the conductors. The openings are filled with a conductive adhesive and the 
conductive adhesive, in turn, is coated with a conductive material to form electrodes of

35 the lead. Instead of coating the conductive adhesive, conductive rings of a
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biocompatible material may be applied over the conductive adhesive to form the 
electrodes.

The conductive adhesive may be prepared to receive the layers and/or rings, as 
the case may be, for improving purchase and conductive connection between the

5 conductive adhesive and the overlying layers and/or rings. The conductive adhesive is 
prepared by roughening the surface of the conductive adhesive, for example, by laser 
etching, micro-blasting, or the like.

A benefit of this manufacturing technique is that an unimpeded lumen is 
provided, with conductors for the electrodes 25, 37 being at least partially embedded in

10 a wall of the respective tubular member 12, 26. Hence, a catheter assembly 10 of 
relatively small diametrical dimensions can be formed, thereby facilitating navigation 
of the catheter assembly 10 through the vascular system of a patient's body.

An elongate shape-imparting element 38 is received in the lumen 36 of the 
second tubular member 26 to impart a non-linear, substantially coiled shape to the

15 distal end portions 18, 32 of both the first tubular member 12 and the second tubular 
member 26, respectively. The coiled shape comprises two coils, a first coil 40 being 
associated with the distal end portion 18 of the first tubular member 12 and a second 
coil 42 being associated with the distal end portion 32 of the second tubular member 
26. In this embodiment, the second coil 42 is distally arranged relative to the first coil

20 40.
Different configurations for the coiled shape of the shape-imparting element 38 

are shown in Figs. 5-7. The different configurations of the shape-imparting element 38 
allow the catheter assembly 10 to be tailored to a particular patient's anatomical 
geometry by selecting the appropriately configured shape-imparting element 38.

25 The shape-imparting element 38 is formed from a shape memory alloy wire,
such as a Nitinol wire, in a superelastic state. A relatively flexible Nitinol tube extends 
over the Nitinol wire. In the embodiments shown in Figs 5 and 7, a shaft 39 of the 
shape-imparting element 38 is disposed substantially at, or slightly inwardly of, the 
circumference of the first coil 40. However, in the embodiment shown in Fig. 6, the

30 shaft 39 is disposed substantially on a central axis of the first coil 40. Also, in Fig. 5, 
the coils 40 and 42 extend from their shafts in opposite directions while in Fig. 6 the 
coils 40 and 42 extend from their shafts in the same direction.

In other embodiments (not shown), separate shape imparting elements may be 
provided, one for each of the tubular members 12, 26. In such embodiments, a first

35 shape-imparting element, for imparting a shape to the distal end portion 18 of the first 
tubular member 12, is inserted into the lumen 24 of the first tubular member 12, and a
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second shape-imparting element, for imparting a shape to the distal end portion 32 of 
the second tubular member 26, is inserted into the lumen 36 of the second tubular 
member 26.

A tubular introducer 46 is received over and extends along the tubular members 
5 12, 26 during insertion of the catheter assembly 10 into an anatomical site to retain the

tubular members 12, 26 in a substantially axial or rectilinear configuration. After 
insertion of the catheter assembly 10 into the anatomical site, the introducer 46 is 
partially retracted relative to the tubular members 12, 26 to expose their distal end 
portions 18, 32 and to allow the shape-imparting element 38 to impart its shape to the

10 distal end portions 18, 32 of the tubular members 12, 26, respectively. If it is desired to 
swap the installed shape-imparting member 38 with another shape-imparting member, 
the catheter assembly 10 is moved away from the wall of the pulmonary vein, the 
introducer 46 is extended over the distal end portions of the first tubular member 12 
and the second tubular member 26 to straighten the distal end portions, and the shape-

15 imparting element 38 is withdrawn and exchanged with a different shape-imparting 
element 38. The introducer 46 retains the tubular members 12, 26 in a substantially 
rectilinear configuration during insertion of the new shape-imparting element 38 into 
the respective lumen 24, 36.

A catheter system 50 comprises the catheter assembly 10 and a control
20 mechanism, in the form of a handle 44 having a handle body 47, provided at a proximal 

end of the catheter assembly 10. The shape-imparting element 38, in use, is fast with 
the handle body 47. An operating mechanism is carried by the handle 44 for effecting 
relative displacement between the first tubular member 12 and the second tubular 
member 26. The operating mechanism comprises a first component, in the form of a

25 knob 60 that is axially slidable on the handle body 47. The proximal end of the first 
tubular member 12 is fast with the knob 60. The second tubular member 26 is fast with 
either the handle body 47 or the shape-imparting element 38. The shape-imparting 
element 38 is fast with a locking knob 45, which is removably connectable to a 
proximal end of the handle 44. Axial movement of the knob 60 effects finer

30 adjustment of position of the first tubular member 12 and the second tubular member 
26 relative to each other.

In the embodiments of Figs. 8 and 9, the operating mechanism carried by the 
handle 44 also includes a second component, in the form of a slider mechanism 62. 
The slider mechanism 62 can be provided in the handle body 47, as shown in Fig. 8, or

35 in the locking knob 45, as shown in Fig. 9. In the embodiment shown in Fig. 8, the 
second tubular member 26 is connected to the slider mechanism 62. In the embodiment
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shown in Fig. 9, the shape-imparting element 38 (not visible in Fig. 9) is connected to 
the slider mechanism 62, not to the locking knob 45, and the second tubular member 26 
is fast with the shape-imparting element 38.

In the embodiments of both Figs. 8 and 9, axial movement of the slider 
5 mechanism 62 results in corresponding axial movement of the second tubular member 

26 relative to the first tubular member 12 for effecting coarse adjustment of position of 
the first tubular member 12 and the second tubular member 26 relative to each other. 
The adjustability of the position of the tubular members 12 and 26 relative to each other 
effects adjustment of the ablating electrodes 25 relative to the sensing electrodes 37. It

10 will also be appreciated that with the coarse and fine adjustment provided by the 
catheter system 50, a complete circular lesion may be able to be formed about the 
ostium without the need to rotate the catheter assembly 10.

A steering tube 70 (Fig. 4) is provided for steering the catheter assembly 10 
through the patient's vascular system. The steering tube 70 is located between the

15 introducer 46 and the first tubular member 12. The steering tube 70 has a distal end 
region in which a plurality of slots is provided to enhance bending. A pull wire 72 is 
carried by the steering tube 70. A distal end of the pull wire 72 is anchored to a distal 
end of the steering tube 70. A proximal end of the pull wire 72 is attached to a second 
knob 66 which is axially slidable on the handle 44. Axial movement of the knob 66

20 towards the proximal end of the catheter assembly 10 effects bending of the distal end 
of the steering tube 70 to facilitate steering of the catheter assembly 10 through the 
patient's vascular system.

Referring to Figs. 10-12, yet a further embodiment of a catheter system 50 is 
shown. With reference to the previous embodiments, like reference numerals refer to

25 like parts unless otherwise specified.
In this embodiment, a position assisting component in the form of a push wire

74 is attached to the distal end of the second tubular member 26. The push wire 74 
assists in retaining the shape of the coils 40, 42 and also in positioning the distal coil 42 
in the pulmonary vein of the patient.

30 The push wire 74 is received in a tip element 76 as is a distal part 78 of the
shape-imparting element 38. The distal part 78 of the shape-imparting element 38 
projects through an opening 80 in the distal end of the second tubular member 26 and 
extends substantially axially. A proximal end of the push wire 74 is attached to a 
displacement device, such as a slider 79 on the handle body 47 of the handle 44.

35 The tip element 76 is a moulded device of a suitable, malleable plastics material
to inhibit causing trauma to the patient's vascular system.
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The push wire 74 and the assembly 10 are received in the steering tube 70. As 
illustrated in Fig. 11, the steering tube 70 includes two pull wires 72 circumferentially 
spaced 180° from each other.

In a variation (as illustrated in Fig. 12), the push wire 74 carries a further tubular 
5 member 82 of a similar construction to the first tubular member 12 and the second 

tubular member 26. In other words, the further tubular member 82 is also 
manufactured in accordance with the manufacturing techniques as described above
with reference to International Patent Publication No. WO 02/32497.

The further tubular member 82 is received in the tip element 76and has a hairpin 
10 bend 84 formed within the tip element 74. A portion 86 of the tubular member 82 

distally of where the hairpin bend 84 is formed is received over the distal part 78 of the 
shape-imparting element 38 and on to a part of the coil 42 defined by the shape- 
imparting element 38. The distal end of the second tubular member 26 abuts the distal 
end of the further tubular member 82 part way along the coil 42 as illustrated at 83.

15 The portion 86 of the tubular member 82 carries an array of electrodes 90, the 
electrodes 90 being used in conjunction with the electrodes 37 of the second tubular 
member 26 for sensing, or diagnostic, purposes. It is therefore an advantage of this 
embodiment, that an increased number of sensing electrodes 37, 90 is provided on the 
coil 42 improving its ease of use for the clinician. With this configuration, the

20 increased number of electrodes 37, 90 is provided without significantly increasing the 
diameter of the catheter assembly 10.

If desired, the tip element 76 can be rendered conductive, for example, by being 
of a conductive polymer, carrying conductive elements or being impregnated with 
conductive material. The tip element 76 can then be used in conjunction with an

25 impedance-based navigation system to monitor the position of the distal part of the 
system 50. The need for fluoroscopy, with its attendant radiation risks, may therefore 
be obviated.

In Fig. 13-15 of the drawings, still a further embodiment of a catheter assembly 
10 is illustrated. Once again, with reference to the previously described embodiments,

30 like reference numerals refer to like parts, unless otherwise specified.
As shown most clearly in Fig. 14 of the drawings, conductors 92 of the first

tubular member 12 are oppositely wound with respect to conductors 94 of the second 
tubular member 26. This improves the hoop strength of the catheter assembly 10. It 
will be appreciated that the opposite winding of the conductors 92 and 94 applies to all

35 the previously described embodiments as welL



WO 2010/048676 PCT/AU2009/001421

12

The catheter assembly 10 includes a reinforcing element, in the form of a 
braided sleeve 96 arranged about an outer surface of the first tubular member 12 to 
provide additional torquability to the assembly 10.

Prior to placing the catheter assembly 10 in its operative position at the relevant 
5 pulmonary vein, the coils 40 and 42 lie substantially in the same plane. The second 

coil 42 is larger than first coil 40. When the catheter assembly 10 is urged distally, the 
second coil 42 is maintained in position at the ostium and the first coil 40 is received in 
the pulmonary vein. Thus, the electrodes 37 of the second coil 42 are used for ablation 
while the electrodes 25 of the first coil 40 are, in use, arranged distally of the electrodes

10 37 of the second coil 42 and the electrodes 25 are used for sensing.
The two tubular elements 12 and 26 are arranged in a fixed orientation relative 

to each other and the shaft 39 of the shape imparting element 38 is kinked to provide a 
kinked part, as illustrated at 98 in Fig. 13 of the drawings, to the catheter assembly 10 
so that the axially extending part of the catheter assembly 10 is arranged inwardly of an

15 imaginary circle circumscribed by the first coil 40. This facilitates insertion of the first 
loop 40 into the pulmonary vein of the patient's body.

The electrodes 37 stand proud of an outer surface of the second tubular member 
26 for improved tissue-electrode contact. For example, the electrodes 37 may be rings 
of suitable biocompatible material, such as, for example, platinum, which are fixed in

20 position on the tubular member 26.
It will be appreciated that the modular nature of the illustrated catheter assembly 

10 facilitates adaptation of the shape configuration of the tubular members 12, 26 while 
inserted in a patient, as an installed shape-imparting element 38 can be removed and 
exchanged with a differently configured shape-imparting element 38 without requiring

25 removal of the tubular members 12, 26 from the patient. Also, as the sensing 
electrodes and ablating electrodes are provided on separate tubular members, 
adjustment of the relative positions of the sensing and ablating electrodes can be 
facilitated by relative movement of the tubular members 12, 26. In some embodiments, 
the second tubular member 26, when fast with the shape-imparting element 38 can be

30 removed from the tubular member 12 and replaced with another tubular member 26 of 
a different configuration.

It will be appreciated by persons skilled in the art that numerous variations 
and/or modifications may be made to the described embodiments without departing 
from the broadly described scope. The present embodiments are, therefore, to be

35 considered in all respects as illustrative and not restrictive. For example, other 
embodiments (not shown) can include the following variations or modifications:
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• the opening in the distal end portion of the first tubular member 12 may be set 
back from the distal end 22, such that the second tubular member 26 extends 
through a sidewall of the first tubular member 12;

• a distal end of the shape-imparting element 38 may be fast with the distal end 34
5 of the second elongate tubular member 26, such that insertion of the second

tubular member 26 into the first tubular member 12 imparts the non-linear 
shape to the exposed distal end portion 18 of the first tubular member 12. In 
this embodiment, a sub-assembly comprising the shape-imparting element 38 
and the tubular member 26 can be removed from the lumen 24 of the first

10 tubular member 12 and replaced by a different sub-assembly having a different
sensing electrode configuration and/or a different arrangement of coils 40, 42;

• the introducer 46 can take the form of an elongate guide rod for insertion in the 
second tubular member 26;

• two different shape-imparting elements may be used to form the coils 40 and 42.
15 The shape-imparting elements may both be received in the lumen 36 of the

second tubular member 26 or, instead, one may be received in the lumen 24 of 
the first tubular member 12 and the other may be received in the lumen 36 of 
the second tubular member 26.
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CLAIMS:

1. A catheter assembly comprising:
a first elongate tubular member having a proximal end portion defining a proximal end, a 

distal end portion having an opening therein and defining a distal end, and at least one lumen 
defined between the proximal end and the distal end;

a second elongate tubular member having a proximal end portion defining a proximal end, a 
distal end portion carrying at least one electrode and defining a distal end, and at least one lumen 
defined between the proximal end and the distal end, the second elongate tubular member being 
received within the at least one lumen of the first elongate tubular member, such that the distal end 
portion of the second elongate tubular member projects from the opening in the distal end portion 
of the first elongate tubular member; and

an elongate, shape-imparting element receivable in the second elongate tubular member, 
the shape-imparting element imparts a non-rectilinear shape to the distal end portions of both the 
first elongate tubular member and the second elongate tubular member.

2. The catheter assembly of claim 1, in which the shape imparted by the shape-imparting 
element is a substantially coiled shape.

3. The catheter assembly of claim 2, in which the coiled shape comprises two coils.

4. The catheter assembly of claim 3, in which a first of the two coils imparts a coiled shape to 
the distal end portion of the first tubular member to form a first coiled part and a second of the two 
coils imparts a coiled shape to the distal end portion of the second tubular member to form a second 
coiled part, the second coiled part being distally spaced from the first coiled part.

5. The catheter assembly of claim 4, in which the first coiled part and the second coiled part 
each lie in a plane transverse to a longitudinal axis of the first tubular member and the second 
tubular member.

6. The catheter assembly of claim 4 or claim 5, in which the coiled part of the second tubular 
member has a greater circumference than the coiled part of the first tubular member and the shape- 
imparting element is of sufficient flexibility so that, in use, the coiled part of the second tubular 
member is able to be displaced into a position proximally of the coiled part of the first tubular 
member.

7. The catheter assembly of any one of the preceding claims, in which the shape imparting 
element is fast with the second elongate tubular member.

8. The catheter assembly of any one of the preceding claims, in which the first tubular member 
and the second tubular member are axially slidable relative to one another.

9. The catheter assembly of any one of claims 1 to 7, in which the first tubular member and the 
second tubular member are fixed with respect to each other.
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10. The catheter assembly of any one of the preceding claims, further comprising an introducer 
extending along at least a part of the length of the tubular members to retain that part of the 
tubular members in a substantially linear configuration during insertion into an anatomical site or 
during insertion of the shape-imparting element into the at feast one lumen.

11. The catheter assembly of any one of the preceding claims, further comprising at least one 
electrode on the distal end portion of the first tubular member.

12. The catheter assembly of claim 11, in which the at least one electrode of the second tubular 
member stands proud of a surface of the second tubular member.

13. The catheter assembly of any one of the preceding claims, in which the opening in the distal 
end portion of the first tubular member is located at the distal end of the first tubular member.

14. The catheter assembly of any one of the preceding claims, in which the shape imparting 
element is in the form of a shape memory alloy wire.

15. The catheter assembly of any one of the preceding claims, further comprising a reinforcing 
element arranged about an outer surface of the first tubular member.

16. The catheter assembly of any one of the preceding claims, in which each tubular member 
comprises an inner member defining the at least one lumen, a plurality of conductors helically 
wound about the inner member and a covering of an insulating material overlying the conductors so 
that the conductors are at ieast partially embedded in a wall of the tubular member, the conductors 
of the first tubular member being oppositely wound with respect to the conductors of the second 
tubular member.

17. The catheter assembly of any one of the preceding claims, further comprising a position 
assisting component attached to the distal end of the second tubular member.

18. The catheter assembly of claim 17, further comprising a tip element via which the position 
assisting component is attached to the distal end of the second tubular member.

19. The catheter assembly of claim 18, in which the tip element is of a malleable material to 
inhibit trauma to a patient’s vascular system.

20. The catheter assembly of claim 18 or claim 19, in which the tip element is electrically 
conductive to be able to be used with an impedance-based navigation system.

21. The catheter assembly of any one of claims 17 to 20, in which the position assisting 
component carries a further tubular member which carries at least one electrode.

22. The catheter assembly of claim 21, in which at ieast a part of the further tubular member is 
received over a part of the shape-imparting element with the part of the further tubular member
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imparted to them by the shape-imparting element.

23. A catheter assembly comprising:
a first elongate tubular member having a proximal end portion defining a proximal end, a 

distal end portion having an opening therein and defining a distal end, and at least one iumen 
defined between the proximal end and the distal end;

a second elongate tubular member having a proximal end portion defining a proximal end, a 
distal end portion carrying at least one electrode and defining a distal end, and at least one lumen 
defined between the proximal end and the distal end, the second elongate tubular member being 
received within the at least one lumen of the first elongate tubular member, such that the distal end 
portion of the second elongate tubular member projects from the opening in the distal end portion 
of the first elongate tubular member; and

an elongate, shape-imparting element receivable in the at least one lumen of the second 
elongate tubular member, the shape-imparting element imparts a non-rectilinear shape to the distal 
end portion of the first elongate tubular member and a second non-rectilinear shape to the distal 
end portion of the second elongate tubular member, the second elongate tubular member 
comprising an intermediate, rectilinear shape, the first non-rectilinear shape being axially spaced 
from the second non-rectilinear shape by the intermediate, rectilinear shape.

24. The catheter assembly of claim 23, in which the non-rectilinear shape is a substantially 
coiied shape.

25. The catheter assembly of claim 24, in which the coiled shape comprises two axially spaced 
coils, each coil lying in a plane substantially transverse to a longitudinal axis of the tubular members.

26. A catheter system which comprises;
a catheter assembly, as claimed in any one of the preceding claims; 
a handle having a proximal end and a distal end, the catheter assembly extending from the

distal end; and
an operating mechanism carried by the handle for effecting relative displacement between 

the first tubular member and the second tubular member of the catheter assembly.

27. The catheter system of claim 26, in which the operating mechanism comprises a first 
component for effecting coarse adjustment of position of the first tubular member and the second 
tubular member relative to each other and a second component for effecting finer adjustment of 
position of the first tubular member and the second tubular member relative to each other.
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