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"A catheter"

Cross-Reference to Related Applications

The present application claims priority from United States of America

Provisional Patent Application No 61/077,037 filed on 30 June 2008, the contents of

which are incorporated herein by reference.

Field

This invention relates generally to the field of catheters and, more particularly,

to a catheter sheath for a catheter assembly and to a catheter assembly including the

catheter sheath.

Background

In the field of heat treatment of tissue, it is desirable if the device heating the

tissue is in contact only with the tissue being treated and not surrounding tissue or

bodily fluids. This minimises the power required to heat the tissue and also minimises

unnecessary damage to other tissue, structures or fluid.

In addition, it is often necessary to overcome tissue irregularities at a site in a

patient's body being heat treated. An example where a site in a patient's body is

subjected to heat treatment is in the treatment of heart arrhythmias where tissue is

ablated in an effort to cure the arrhythmia. The tissue is ablated to create a lesion to

block the electrical impulses causing the arrhythmia. To ensure that a lesion of

adequate depth is formed, it is desirable that the ablating electrode make good contact

with the tissue. Other examples of the use of heat treatment at a site in a patient's body

include treatment of Parkinson's disease, tumour ablation, endometriosis and pain

management.

Still further, in the treatment of a heart arrhythmia, it may be necessary to ablate

over a reasonably wide area in an attempt to cure the arrhythmia. It is therefore

desirable to be able to obtain such larger ablated areas with minimum manipulation of

the catheter when in position at the site to be treated.

Summary

In a first aspect, there is provided a catheter sheath which includes

a tubular member, a distal region of the tubular member defining a plurality of

discrete elements, the discrete elements being displaceable between a first, inoperative

position in which the discrete elements extend substantially parallel to a longitudinal

axis of the tubular member and a second, operative position in which at least a portion



of each of the discrete elements projects outwardly transverse to the longitudinal axis of

the tubular member;

at least one electrode carried at least by the portion of the at least one of the

discrete elements, the at least one electrode being exposed when the discrete elements

are in their second position;

a sleeve mounted about the tubular member, and

a bracing structure interposed between a distal part of the sleeve and the portions

of the discrete elements to brace the portions of the discrete elements in their operative

position.

The bracing structure may be a collapsible structure and may be erected into its

operative, bracing configuration when the portions of the discrete elements are in their

operative position.

Preferably, the bracing structure is defined partially by distal parts, or leaves, of

the sleeve and partially by additional portions of the discrete elements.

In a second aspect, there is provided a catheter sheath which includes

a tubular member, a distal region of the tubular member defining a plurality of

discrete elements, the discrete elements being displaceable between a first, inoperative

position in which the discrete elements extend substantially parallel to a longitudinal

axis of the tubular member and a second, operative position in which a first portion of

each of the discrete elements projects outwardly transverse to the longitudinal axis of

the tubular member;

a sleeve mounted about the tubular member, a distal part of the sleeve defining a

plurality of leaves and each discrete element of the tubular member being attached to

one of the leaves of the sleeve, the sleeve and the tubular member being displaceable

axially with respect to each other for effecting displacement of the discrete elements

between their first and second positions and, when the discrete elements of the tubular

member are in their second position, a second portion of each discrete element,

outwardly of the first portion, extends towards a proximal end of the tubular member;

and

at least one electrode carried by at least the first portion of at least one of the

discrete elements with the at least one electrode being exposed when the discrete

elements are in their second position.

When the discrete elements of the tubular member are in their operative

position, the discrete elements and the leaves of the sleeve may define a substantially

box-frame shaped structure at a distal end of the tubular member.



Preferably, the first portion of each discrete element carries at least one

electrode. The at least one electrode may be arranged on an operatively inner surface

of its associated discrete element so that, when the discrete elements are in their first

position, the electrodes are contained within the interior of the tubular member.

Each discrete element may be attached to its associated leaf by a pad portion

which is secured to the leaf. The pad portions splay outwardly when the discrete

elements are in their second position and define bracing points to enhance tissue-

electrode contact, in use. Further, the second portion of each discrete element may

extend between the pad portion and the first portion and may act as a strut for

enhancing contact of the at least one electrode with tissue at a site in a patient's body.

Bending zones may be defined at a junction between each discrete element and

the tubular member and at a junction between the first portion and the second portion of

each discrete element so that each discrete element has at least two articulations, or

joints. It will be appreciated that the joints may be integrally formed with the portions

of the discrete element to provide the bending zones. Instead the joints may be discrete

elements such as hinges, zones of weakness, score lines, or the like.

According to a third aspect of the invention, there is provided a catheter

assembly which includes

a catheter sheath as described above; and

a support member arranged within a lumen of the tubular member.

The catheter assembly may include an operating member for displacing the

discrete elements of the catheter sheath from the second position to the first position.

The operating member may be a tube displaceably arranged about the sleeve. The tube

may be displaced distally to effect "closing" or collapsing of the catheter sheath.

The catheter assembly may include an end electrode carried on a distal end of

the support member. In an embodiment, the support member may be displaceably

arranged relative to the tubular member so that, when the discrete elements are in their

second position, the end electrode is brought into a position in which it lies

approximately in a plane in which the first portions of the discrete elements lie.

Brief Description of Drawings

Fig. 1 shows a three dimensional view of a distal part of an embodiment of a

catheter assembly in an open, operative configuration;

Fig. 2 shows a sectional side view of the distal part of the catheter assembly in

its operative configuration; and



Fig. 3 shows a sectional side view of the distal part of the catheter assembly in a

closed, inoperative configuration.

Detailed Description of Exemplary Embodiment

In the drawings, reference numeral 10 generally designates an embodiment of a

catheter assembly. The catheter assembly 10 comprises an embodiment of a catheter

sheath 12. The catheter sheath 12 includes an inner, tubular member 14 defining a

lumen 16. A plurality of discrete elements, or limbs, 18 are defined at a distal end of

the tubular member 14. Each limb 18 is an articulated limb having a first portion 20

connected to a second, outer portion 22 via a bending zone 24. A proximal end of each

limb 18 is connected to a distal end of the tubular member via a further bending zone

26.

The catheter sheath 12 further includes a sleeve 28 mounted about the tubular

member 14. The sleeve 28 is axially, displaceably arranged relative to the tubular

member 14. A distal end of the sleeve 28 defines a plurality of discrete leaves 30.

There are the same number of leaves 30 as there are limbs 18 of the tubular member 14.

Each limb 18 of the tubular member 14 is connected to an operatively inner surface 32

of its associated leaf 30 of the sleeve 28.

For this purpose, each limb 18 terminates in a pad or foot portion 34 which is

secured to the surface 32 of its associated leaf 30. A further bending zone 27 is defined

between a distal end of the portion 22 and the pad portion 34 of each limb 18. The

arrangement is such that the pad portions 34 provide bracing for a substantially box-

frame shaped structure 36 formed at the end of the tubular member 14, as will be

described in greater detail below, in use.

The catheter assembly 10 includes an operating member in the form of a tube

38. The tube 38 is axially displaceable relative to the sleeve 28 and is used for

collapsing the structure 36 after use.

In the illustrated embodiment, an operatively inner surface 40 of each portion 20

of each limb 18 carries an elongate electrode 42. It will, however, be appreciated that,

in other embodiments, each portion 20 could carry a different shaped electrode, a series

of spaced electrodes or be free of electrodes, as the case may be.

The catheter assembly 10 further includes a support member 44 arranged within

the lumen 16 of the tubular member 14. A distal end of the support member 44 carries

an end electrode 46 which, when the structure 36 is in its operative position, as

illustrated in Figs. 1 and 2 of the drawings, lies approximately in the same plane as the

electrodes 42 on the limbs 18 of the tubular member 14.



In an embodiment, the support member 44 is fixed within the tubular member

14 and, when the structure 36 is in its collapsed, inoperative position, the structure 36

surrounds the electrode 46 of the support member 44 as shown in Fig. 3 of the

drawings. In another embodiment (not illustrated), the support member 44 is

displaceably arranged relative to the tubular member 14 so that, when the structure 36

is in its collapsed configuration, the end electrode 46 is arranged distally of the

structure 36. When the structure 36 is erected into its operative configuration, as

illustrated in Figs. 1 and 2 of the drawings, the support member 44 is displaced

proximally with respect to the structure 36 to bring the end electrode 36 into a position

in which it lies approximately in the same plane as a plane in which the electrodes 42 of

the tubular member 14 lie. A suitable device for effecting relative displacement

between the catheter sheath 12 and the support structure 44 is described in the

Applicant's European Patent No. 1902746 filed 18 September 2008 and entitled

"Catheter Actuator".

It is also to be noted that, in the illustrated embodiment, the end electrode 46 is a

button-shaped electrode. It will, however, be appreciated that, instead, the end

electrode 46 could be a needle electrode to facilitate percutaneous therapy at a site in a

patient's body.

To facilitate deflection of a distal end of the catheter sheath 12, at least one of

the tubular member 14 and the sleeve 28 defines a deflection zone 50. In this

embodiment, the tubular member 14 is illustrated as defining the deflection zone 50.

The deflection zone 50 comprises a plurality of longitudinal spaced slots formed in the

tubular member 14, for example, by laser cutting. The slots 52 extend approximately

two thirds to three quarters of the way about the periphery of the tubular member 14 to

leave a longitudinally extending spine zone 54 about which the tubular member 14 can

be deflected for effecting steering of the distal end of the catheter sheath 12.

Further, it will be appreciated that each electrode 42, 46 has conductors (not

shown) associated with it. The conductors for the electrodes 42 may be arranged

within the lumen 16 of the tubular member 14 or, instead, may be embedded within a

sidewall of the tubular member 14 as taught in the applicant's International Patent

Application No. PCT/AU0 1/0 1339 dated 19 October 2001 entitled "An electrical lead".

The conductors for the end electrode 46 may be contained within a lumen (not shown)

of the support member 44. It will be appreciated that each electrode 42, 46 has four

conductors associated with it being a pair of conductors for the delivery of RF energy

and a Constantin/copper wire pair for sensing temperature of the electrode 42, 46 and

tissue in the region of the electrode 42, 46.



The tubular member 14, the sleeve 28 and the tube 38 are all of a suitable

synthetic plastics material which is biocompatible. For example, the tubular member

14 is of a polyetheretherketone (PEEK) material as is the sleeve 28. The tube 38 is also

of a suitable synthetic plastics material such as a polyether block amide material such

as Pebax®.

In use, the catheter assembly 10 is intended particularly for use in the treatment

of heart arrhythmias and, more particularly, atrial fibrillation in a patient's heart. Atrial

fibrillation is treated by ablation therapy and the electrodes 42 and 46 are used for the

delivery of RF energy to tissue with which the electrodes 42, 46 are in contact to effect

ablation of the tissue and to interrupt electrical pathways giving rise to the atrial

fibrillation. Thus, in use, with the end structure 36 in a collapsed configuration, as

shown in Fig. 3 of the drawings, the catheter assembly 10 is inserted through the

patient's vasculature to enable the catheter assembly 10 to be steered to the desired site

in the patient's heart.

When the catheter 10 is inserted into the patient's heart, the catheter 10 is

inserted through the right atrium and punctures the septum of the heart through the

fossa ovalis in the septum. The tube 38 is urged proximally relative to the rest of the

tubular members, thus exposing the structure 36. The structure 36 then expands into its

erected, operative configuration to enable ablation therapy to be effected. For this

purpose, the leaves 30 may include biasing members (not shown), such as leaf springs

of a suitable resiliently flexible material arranged within each leaf 30 or on an outer

surface of each leaf 30, which urge the leaves 30 into their operative configuration and

result in the structure 36 being formed.

At the desired site, the sleeve 28 is pulled proximally with respect to the tubular

member 14. This causes the structure 36 to be expanded into its operative

configuration. More particularly, each first portion 20 of the limbs 18 bends radially

outwardly, with respect to a longitudinal axis of the catheter assembly 10, to extend

substantially transversely relative to the longitudinal axis, the first portion bending

about the bending zone 26.

The portions 22 of the limbs 18 face towards the proximal end of the catheter

assembly 10 and serve as struts for supporting the portions 20 of the limbs 18 in their

operative outwardly extending configuration.

The bending zones 24, 26 and 27 of each limb 18 are integrally formed with the

limb 18 and need not be in the form of hinges, any discrete structure, any other zone of

weakness, or the like. The bending zones 24, 26 and 27 provide articulations for

articulation of the portion 20 of each limb 18 relative to the portion 22, articulation of



the portion 20 relative to the distal end of the tubular member 14 and articulation

between the portion 22 and the pad portion 34, respectively. It will be appreciated that,

although not essential, by having some form of zone of weakness in the region of the

bending zones 24, 26 and 27, bending of the limbs 18 into their operative configuration

is facilitated.

If the end electrode 46 had been arranged distally of the structure 36 when the

structure 36 was in its collapsed configuration, the support member 44 is drawn

proximally with respect to the structure 36 to bring the electrode 46 into register with

the electrodes 42 of the structure 36.

Selected electrodes 42, 46 are then used for effecting ablation therapy at the site

in the patient's body. The electrodes 42, being elongate, allow long, shallow lesions to

be formed.

In addition, due to the strut-like arrangement of the end structure 36, improved

electrode-tissue contact occurs between the electrodes 42 and the tissue at the site in the

patient's heart because a greater, distally directed force can be exerted on the structure

36 than would be the case if distal ends of the portions 20 were unsupported. It will be

appreciated that, by having improved tissue-electrode contact, improved lesion

formation is facilitated.

Once the ablation therapy has been completed, the sleeve 28 is urged distally

with respect to the tubular member 14. This causes the structure 36 to collapse to the

position shown in Fig. 3 of the drawings. When the structure 36 is in its collapsed

configuration, the leaves 30 of the sleeve 28 extend distally, parallel to the longitudinal

axis of the catheter assembly 10. Similarly, the limbs 18 of the tubular member 14 also

extend distally, parallel to the longitudinal axis. After collapsing of the structure 36,

the tube 38 is urged distally to cover the collapsed structure 36 which facilitates

withdrawal of the catheter assembly 10 from the patient's heart.

It is a particular advantage of the described embodiments that a compact

catheter assembly 10 is provided which, when in its operative configuration, facilitates

the formation of long lesions at a site in a patient's body. The arrangement of the

structure 36 further facilitates tissue-electrode contact thereby improving lesion

formation. It will also be appreciated that, while the lesions formed using the

electrodes 42 are longer, they are also shallower. Shallower lesions result in less

trauma but more effective treatment of heart arrhythmias. It is also a particular

advantage that, by having longer electrodes 42, fewer ablating procedures need to be

carried out in the treatment of arrhythmogenic foci. This simplifies the clinician's task.



It also allows more rapid treatment to be effected thereby reducing trauma to the patient

and reduced convalescing time.

It will be appreciated by persons skilled in the art that numerous variations

and/or modifications may be made to the embodiments as described without departing

from the broadly described scope. The present embodiments are, therefore, to be

considered in all respects as illustrative and not restrictive.



CLAIMS:

1. A catheter sheath which includes

a tubular member, a distal region of the tubular member defining a plurality of

discrete elements, the discrete elements being displaceable between a first, inoperative

position in which the discrete elements extend substantially parallel to a longitudinal

axis of the tubular member and a second, operative position in which at least a portion

of each of the discrete elements projects outwardly transverse to the longitudinal axis of

the tubular member;

at least one electrode carried at least by the portion of the at least one of the

discrete elements, the at least one electrode being exposed when the discrete elements

are in their second position;

a sleeve mounted about the tubular member, and

a bracing structure interposed between a distal part of the sleeve and the portions

of the discrete elements to brace the portions of the discrete elements in their operative

position.

2. The catheter sheath of claim 1 in which the bracing structure is a collapsible

structure and is erected into its operative, bracing configuration when the portions of

the discrete elements are in their operative position.

3 . The catheter sheath of claim 1 or claim 2 in which the bracing structure is

defined partially by distal parts of the sleeve and partially by additional portions of the

discrete elements.

4. A catheter sheath which includes

a tubular member, a distal region of the tubular member defining a plurality of

discrete elements, the discrete elements being displaceable between a first, inoperative

position in which the discrete elements extend substantially parallel to a longitudinal

axis of the tubular member and a second, operative position in which a first portion of

each of the discrete elements projects outwardly transverse to the longitudinal axis of

the tubular member;

a sleeve mounted about the tubular member, a distal part of the sleeve defining a

plurality of leaves and each discrete element of the tubular member being attached to

one of the leaves of the sleeve, the sleeve and the tubular member being displaceable

axially with respect to each other for effecting displacement of the discrete elements

between their first and second positions and, when the discrete elements of the tubular



member are in their second position, a second portion of each discrete element,

outwardly of the first portion, extends towards a proximal end of the tubular member;

and

at least one electrode carried by at least the first portion of at least one of the

discrete elements with the at least one electrode being exposed when the discrete

elements are in their second position.

5. The catheter sheath of claim 4 in which, when the discrete elements of the

tubular member are in their operative position, the discrete elements and the leaves of

the sleeve define a substantially box-frame shaped structure at a distal end of the

tubular member.

6 . The catheter sheath of claim 4 or claim 5 in which the first portion of each

discrete element carries at least one electrode.

7 . The catheter sheath of claim 6 in which the at least one electrode is arranged on

an operatively inner surface of its associated discrete element so that, when the discrete

elements are in their first position, the electrodes are contained within the interior of the

tubular member.

8. The catheter sheath of any one of claims 4 to 7 in which each discrete element is

attached to its associated leaf by a pad portion which is secured to the leaf.

9 . The catheter sheath of claim 8 in which the second portion of each discrete

element extends between the pad portion and the first portion and acts as a strut for

enhancing contact of the at least one electrode with tissue at a site in a patient's body.

10. The catheter sheath of any one of claims 4 to 9 in which bending zones are

defined at a junction between each discrete element and the tubular member and at a

junction between the first portion and the second portion of each discrete element so

that each discrete element has at least two articulations.

11. A catheter assembly which includes

a catheter sheath as claimed in any one of the preceding claims; and

a support member arranged within a lumen of the tubular member.



12. The catheter assembly of claim 11 which includes an operating member for

displacing the discrete elements of the catheter sheath from their second position to

their first position.

13. The catheter assembly of claim 12 in which the operating member is a tube

displaceably arranged about the sleeve of the catheter sheath.

14. The catheter assembly of any one of claims 11 to 13 which includes an end

electrode carried on a distal end of the support member.

15. The catheter assembly of claim 14 in which the support member is displaceably

arranged relative to the tubular member so that, when the discrete elements are in their

second position, the end electrode is brought into a position in which it lies

approximately in a plane in which the first portions of the discrete elements lie.
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