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(54) Title: ABLATION CATHETER AND ABLATION APPARATUS

(57) Abstract: The present invention relates to an ablation catheter (1) for the ablation of tissues comprising:- a telescopic tubular
body (4) in turn comprising an external tubular body (4a) and an internal tubular body (4b) concentric with each other, and a rod-
like guiding element (5) at least partly housed in the internal tubular body (4b) with at least one free end (5a) protruding from the in -
ternal tubular body (4b) in correspondence with a distal end of the telescopic body (4); - a positioning head (2, 2", 2 ™, 2°, 2%, 2%)
and an ablation head (3) in correspondence with the distal end of the telescopic body (4), the positioning head (2,2",2",2",2* 2") be-
ing situated in the proximity of the free end (5a) of the rod-like guide, and the ablation head (3) in the proximity of the positioning
head (2, 2", 2™, 2°, 2%, 27), in a remote position with respect to the free end (5a); - a control handpiece at a proximal end of the tele -
scopic body (4) coupled with the guiding element (5), the ablation head (3), the positioning head (2, 2", 2", 2°, 2*, 2*) and the tele -
scopic tubular body (4); wherein the ablation head (3) comprises at least two ablation elements or petals (3a) that can be moved from
a rest position in which they are housed in the external tubular body (4a) and an operating position in which they protrude from the
external tubular body (4a) like a petal; wherein each of the ablation elements or petals (3a) comprises: - a continuous ablation elec -
trode (3b) which extends without interruption over a circumferential peripheral portion of each petal (3a), substantially

[Continued on next page]
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along an arc of circumference having a longitudinal axis of the rod-like guiding element (5) as its centre; - two side portions (3¢)
of the petal (3a), each connected to an end of the ablation electrode (3b), in correspondence with a curved section, the side por-
tions (3c) and the ablation electrode (3b) being integral with each other, formed by means of the same folded metallic conductor, -
each ablation petal (3a) being separate and distinct from another ablation petal (3a) of the ablation head, - all the ablation petals
(3a) of the ablation head being separately connected to a distinct electric energy generator to cause a radiofrequency ablation in a
powered ablation electrode condition (3b).
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ABLATION CATHETER AND ABLATION APPARATUS

TECHNICAL FIELD

The present invention relates to the general field
of catheters and ablation apparatuses for human tissue
ablation or, more generally, for animals.

STATE OF THE ART

Various type of ablation catheters are known in the
state of the art.

In general, the term “ablation” refers, in the medi-
cal field, to the treatment of a tissue suitable for re-
moving a surface part of the same tissue or necrotizing
it and/or causing a cicatrization of the same.

The ablation referred to in this invention is spe-
cifically destined for interrupting the electric continu-
ity of the tissue in correspondence with the zone treated
by ablation.

In this sense, ablation can take place with a series
of treatments, for example by means of an electric cur-
rent, by heat, cryogenics, radiofrequencies or other
forms of treatment.

A first example of a radiofrequency ablation cathe-
ter 1s that capable of effecting focal ablations: in
fact, 1t has an actual ablation tip in correspondence
with its free end.

In the treatment, the catheter is inserted by means
of percutaneous access and 1is brought to the area to be

ablated.
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The surgeon then activates the ablation tip and ef-
fects the ablation of the tissues by means of a continu-
ous approach/distancing movement of the ablation tip from
the tissue, necessary for not maintaining an excessively
lengthy contact of the tip with the tissue, with conse-
quent damage that can be critical.

The ablated area is therefore defined by the combi-
nation of ablated punctiform zones.

This operation is particularly delicate as an exces-—
sively prolonged contact of the tip with the tissue can
lead to serious injury to the latter.

Let us consider, for example, the ablation of the
antrum of the pulmonary veins in the case of atrial fi-
brillation: the antrum of the veins to be ablated is sit-
uated in correspondence with the conjunction of the veins
with the heart; an excessively prolonged contact of the
ablation tip with the tissue could lead to a pilercing of
the wall of the heart and, if not immediately treated
surgically, could have fatal consequences for the pa-
tient.

The ablation manoeuvring itself, on the other hand,
must also be sufficiently prolonged for ensuring that the
ablation is effective and does not have to be repeated.

This situation, already complex, 1is made even more
so due to the fact that this type of ablation generates
substantially punctiform ablated areas, and consequently
the treatment must be repeated numerous times, in order

to join these punctiform areas until they form a substan-
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tially continuous ablation line to interrupt the electric
continuity of the tissue and isolate the atrium from the
venous electric disturbances. The intervention therefore
has relatively lengthy times which require a prolonged
sedation of the patient.

Furthermore, 1in order to improve the precision of
the treatment, the radiofrequency ablation catheter de-
scribed above requires a second, separate, catheter, i.e.
a mapping catheter, which obtains information on the po-
sition and effectiveness of the treatment of the single
areas to be treated.

This implies having to introduce and manoeuvre two
separate catheters, with relatively high encumbrance,
costs and overall procedural difficulties.

Another type of known catheter, specifically suita-
ble for the ablation of the antrum of the pulmonary veins
(for the treatment of atrial fibrillation) i1is described
in international patent application PCT/EP2012/056626.

This catheter was created for at least partly solv-
ing the problems indicated above.

It comprises a positioning head and an ablation head
and a telescopic tubular body provided with an external
tubular body, an internal tubular body, concentric with
each other, and a rod-like guiding element at least part-
ly housed in the internal tubular body with a free end
protruding from the internal tubular body.

The positioning head is situated in the proximity of

the free end of the rod-like guiding element, whereas the
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ablation head 1s positioned <close to the positioning
head, 1in a position far from the free end, i.e. on the
opposite side of the latter with respect to the position-
ing head.

In short, the positioning head and the ablation head
can be inflated by suitable fluids so as to pass from a
rest position in which they are deflated and not expand-
ed, to an operating condition in which they are inflated
and expanded.

Although this catheter represents a considerable
step forward with respect to those having an “ablation
tip” described above, it still has wvarious drawbacks.

A first drawback is linked to the fact that it has a
certain encumbrance even when 1in a rest condition: it
should in fact be remembered that catheters are inserted
in the patient’s veins and are brought through these to
the treatment =zones, which can often be distant from the
inlet point (for example in the treatment of atrial fi-
brillation, the catheter is inserted in the femoral vein
and brought up to the heart).

In this sense, it 1is evident that it 1is extremely
important to limit the encumbrance of the catheter in or-
der to facilitate its passage in the veins of the patient
undergoing treatment.

Another drawback 1is linked to the fact that the ab-
lation head of the catheter described therein is a torus,

which, once expanded, has well-defined dimensions: 1in a
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functioning condition, its dimensions cannot therefore be
varied.

This implies knowing the exact dimensions of the ar-
ea to be treated, in order to be able to select the cor-
rect catheter, i.e. having a torus which, in expanded
conditions, has dimensions coherent with those of the ar-
ea to be treated.

A further drawback, again linked to the dimensions
of the torus described above, lies in the fact that the
same catheter cannot be used for different applications,
for example, applications in which the dimensions re-
quired by the ablation head differ significantly (for ex-—
ample for veins having a different ostium in the same pa-
tient).

Yet another drawback relates to the fact that some
ablated areas sometimes require a second ablation treat-
ment in order to be effective.

An example 1is the case of the ablation of the antrum
of a vein: the ablation line in which the tissue 1is al-
tered by the treatment is substantially a circumference;
if an arc of the same is not treated sufficiently, the
surgeon must proceed with a new treatment.

The 1intrinsic characteristics of the catheter de-
scribed above, however, imply that a new treatment pre-
sumably also involves areas of the circumference that
have already been sufficiently treated, therefore expos-—

ing the tissue to potential injury.
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Another known ablation catheter is that described in
UsS2013/0103027. In this case, there are two separate
heads in the distal portion, an ablation head and a posi-
tioning head.

The ablation head has angled thread-like supports on
which discrete ablation electrodes (punctiforms) are as-—
sembled.

Yet another ablation catheter is that described in
US2005171536: also in this case, the ablation head has
electrodes assembled on a supporting structure.

The same can be said, in short, for the catheter de-
scribed in US 6,893,438.

Although these types of embodiments are capable of
overcoming some of the drawbacks described above with re-
spect to the more traditional catheters (with a tip and
inflatable), they are, however, relatively complex to
construct, they require specific conductors for feeding
the electrodes and occupy considerable space.

Furthermore, it should be pointed out that during
the ablation operation in catheters with discrete elec-
trodes, the risk of the formation of blood clots is rela-
tively high, due to the fact that, on the whole, it 1is
difficult to make the electrodes of each wire of the sup-
porting structure adhere perfectly to the surface of tis-
sue to be ablated.

Another problem encountered with the “multi-
electrode” catheters described above 1s due to the dis-

crete arrangement of the electrodes: said electrodes,
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which can be activated with a monopolar or bipolar ra-
diofrequency supply, ablate the tissue surrounding the
pulmonary veins, leaving however gaps between one abla-
tion point and another. In order to fill these gaps, re-
peated applications of the same catheter or even the in-
troduction of a focal catheter and a mapping catheter are
very frequently required for identifying and completing
the ablation in areas not completely treated, with a con-
sequent increase in the procedural risk for the patient
and an increase in the times and intervention costs.

On the whole, radiofrequency ablation is more diffi-
cult to control, due to eddy currents that can be gener-
ated in the conductors along the catheter, from the gen-
erator (external) to the ablation head, which can make it
difficult to accurately control the quantity of energy
supplied.

OBJECTIVES OF THE INVENTION

A first objective of the present invention is to
overcome the drawbacks of the known art.

A second objective of the invention is to provide a
catheter for the ablation of tissues which has the mini-
mum possible dimensions and at the same time has an abla-
tion profile which is as ample and uniform as possible.

A further objective is to also enable ablations to
be effected of only part of the tissue surrounding the
ablation head, without requiring that other parts already

treated correctly be subjected to new treatment.
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Yet another objective of the invention is to provide
a catheter for the ablation of tissues which 1is capable
of shortening the time of the procedure, thus reducing
the time in which the patient is sedated.

An additional objective is to provide an ablation
catheter which is safer to use, also in the case of mov-
ing tissue walls, and which avoids injury to or piercing
of the walls.

A further objective of the invention is to provide
an ablation catheter which, when 1in use, has a reduced
formation of clots.

Yet another objective of the invention is to provide
an ablation catheter which, when in use, has a relatively
simple regulation of the energy supplied.

Another objective of the invention is to provide an
ablation catheter which is capable of providing the sur-
geon with information relating to the state of treatment
of the tissue.

A first object of the invention therefore relates to
an ablation catheter and a second object of the invention
relates to an ablation apparatus comprising said catheter
according to the enclosed independent claims.

The idea at the basis of the invention is to produce
a catheter for the ablation of tissues comprising:

- a telescopic tubular body in turn comprising an exter-—
nal tubular body and an internal tubular body, concentric
with each other, and a rod-like guiding element at least

partly housed in the internal tubular body with at least
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one free end protruding from the internal tubular body in
correspondence with a distal end of the telescopic body;

- a positioning head and an ablation head in correspond-
ence with the distal end of the telescopic body, the po-
sitioning head being situated in the proximity of the
free end of the rod-like guide, and the ablation head in
the proximity of the positioning head, in a remote posi-
tion with respect to the free end;

- a control handpiece at a proximal end of the telescopic
body coupled with the guiding element, the ablation head,
the positioning head and the telescopic tubular body;

the ablation head comprises at least two ablation ele-
ments or petals that can be moved from a rest position in
which they are housed in the external tubular body and an
operating position in which they protrude from the exter-
nal tubular body like a petal;

characteristically, according to the invention, each of
the ablation elements or petals comprises:

— a continuous ablation electrode which extends without
interruption over a circumferential peripheral portion of
each petal, substantially along an arc of circumference
having a longitudinal axis of the rod-like guiding ele-
ment as its centre

- two side portions of the petal, each connected to an
end of the ablation electrode, in correspondence with a

curved section



10

15

20

25

WO 2015/140741 PCT/IB2015/051998

the side portions and the ablation electrode being inte-
gral with each other, formed by means of the same folded
metallic conductor

each ablation petal being separate and distinct from an-
other ablation petal of the ablation head,

all the ablation petals of the ablation head being sepa-
rately connected to a distinct electric energy generator
to cause a radiofrequency ablation in a powered ablation
electrode condition.

In this way, the drawbacks indicated above are bril-
liantly overcome.

The ablation petals can in fact remain in rest posi-
tion during the insertion and positioning of the cathe-
ter, until it has reached the position 1in which the
treatment is to be effected: in this position, they are
contained inside the external tubular element of the
catheter and do not have any encumbrances or protrusions
which could complicate the positioning manoeuvre and pas-
sage in the wveins.

The reduced dimensions of the catheter, obtained
through the advantageous expedients of the invention,
therefore allow the catheter to be easily inserted and
positioned.

In this respect, it should be pointed out that the
fact that the side portions and the ablation electrode
are integral with each other, formed by the same folded
metallic conductor, allows a considerable reduction in

the encumbrance and, at the same time, an optimum posi-

10
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tioning which allows possible clots to be reduced: the
intrinsic elasticity of the wire (or thin lamina) of
which it is formed - and all the same for the whole petal
- allows 1t to be positioned in optimum contact with the
tissue to be subjected to ablation treatment, with the
result that it is treated uniformly.

The Applicant has discovered that these advantages
can be obtained when the petals are of Nitinol, produced
with a single wire having a circular section with a diam-
eter D and with the following ratio between the diameter
D and the length L of the active part (circumferential
part of the petal, i.e. electrode)

D/L ranging from 0.015 to 0.025, preferably equal to
about 0. 02.

This particular ratio 1linked to the material with
which the petal is produced (Nitinol) ensures that opti-
mal electric characteristics are obtained together with
an optimum adhesion of the petal on the surface to be
treated, so that 1t is possible to obtain perfectly
straight lesions, without necrotized areas.

With a length 1L ranging from 10 to 25 mm, the rela-
tive optimum diameter preferably ranges from 0.20 mm to
0.50 mm, preferably 0.30 mm.

At the same time, the presence of continuous, non-
discretized ablation electrodes, allows ablation sections
having a much larger extension than those relating to

catheters with an ablation tip, to be produced, thus re-

11
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ducing the treatment time during which the patient must
be sedated.

Furthermore, with respect to structures in which the
electrode 1is discrete and applied to a supporting struc-
ture, it can be noted that in this case, it is the same
structure, conductor, that acts as electrode: the latter
is therefore uniformly “distributed” so as to extend over
the whole circumferential portion of the petal without
interruptions.

According to a particularly advantageous character-
istic, the ablation elements, or at least the relative
segments, can be selectively activated, as each 1is con-
nected to its own specific generator, part of the abla-
tion apparatus which also comprises the same catheter of
the invention: in this way, the surgeon can advantageous-
ly choose which and how many of these to activate for re-
peating the treatment, which can therefore correspond
solely to the areas that have not been sufficiently
treated, avoiding re-treating areas of tissue that have
already been treated correctly or areas at risk for the
patient.

In order to allow an optimum control of the energy
supplied, according to an independent aspect of the in-
vention, additional conductors are envisaged, which are
useful for eliminating eddy currents that may be generat-

ed.

12
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This feature can be advantageously combined with
those of the catheter described herein, thus providing an
extremely precise ablation catheter in the treatment.

In particular, but not exclusively, the ablation
catheter of the invention is advantageously suitable for
the ablation of the antrum of pulmonary veins for limit-
ing or eliminating the atrial fibrillation phenomenon,
thanks to the interruption in the electric currents in-
duced by the veins themselves.

Details on this type of treatment for atrial fibril-
lation, its effectiveness and approach, can be found in
scientific literature and consequently no further mention
will be made thereof in the present description.

Other unlimited uses of the catheter of the inven-
tion can, for example, be for the ablation of renal ar-
teries, as a cure for high blood pressure.

Also in this case, no medical details are provided
on the treatment as these can be found in scientific 1lit-
erature.

Other optional advantageous features of the inven-
tion are contained in the enclosed c¢laims, which should
be considered as being an integral part of the present
description.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention 1s described hereunder with reference
to non-limiting examples, provided for 1illustrative and
non-limiting purposes 1in the enclosed drawings. These

drawings illustrate different aspects and embodiments of

13
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the present invention and, when appropriate, reference
numbers illustrating structures, components, materials
and/or similar elements in different figures are indicat-
ed with similar reference numbers.

Figure 1 1illustrates a side view of the distal end
of the catheter of the invention in a positioning condi-
tion;

Figure 2 illustrates a side view o0of the end of the
catheter of figure 1 in a functioning condition;

Figure 3 illustrates a front view of the catheter of
the invention in an insertion condition;

Figure 4 illustrates a front view of the catheter of
the invention in a positioning condition corresponding to
that of figure 1;

Figure 5 illustrates a front view of the catheter of
the invention in a functioning condition corresponding to
that of figure 2;

Figures 6-10 illustrate side views of wvariants of a
detail of the catheter of the invention;

Figures 11 and 12 illustrate a preferred embodiment
of the catheter of the invention, in a side and perspec-
tive view;

Figures 13 and 14 illustrate the ablation petals of
the catheter of figures 11, 12, in a side and perspective
view;

Figures 15 and 16 illustrate the positioning head of
the catheter of figures 11, 12, in a side and perspective

view;

14
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Figure 17 illustrates a section along the plane AA
of figure 11;

Figures 18 and 19 1illustrate sections along the
planes AA and BB of figure 13;

Figures 20 and 21 1illustrate sections along the
planes AA, BB and CC of figure 15.

DETATILED DESCRIPTION OF THE INVENTION

Whereas the invention can undergo various modifica-
tions and alternative constructions, some relative illus-—
trative embodiments are shown in the drawings and are de-
scribed hereunder in detail.

It should be understood, however, that there is no
intention of limiting the invention to the specific em-
bodiment illustrated but, on the contrary, the invention
intends to cover all the modifications, alternative con-
structions, and equivalents that fall within the scope of

the invention as defined in the claims.

w 144 w

etc.”, or

144

The use of Y“for example”, indicates
non—-exclusive alternatives, without limitation, unless
otherwise specified. The use of “comprises” means “com-—
prises, but not limited to” unless otherwise specified.

With reference to the enclosed figures, these show
an illustrative but non-limiting embodiment of the cathe-
ter of the invention, indicated as a whole with reference
1.

The catheter 1 comprises a positioning head 2 and an

ablation head 3, which will be described in further de-

tail hereunder.

15
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The catheter 1 also comprises a handpiece in a prox-
imal position, 1i.e. the control portion that 1is located
outside and can be used for the operator for controlling
the action of the catheter itself.

The control handpiece 1is positioned at a proximal
end of the telescopic body 4 and is operatively connected
to the guiding element 5, the ablation head 3, the posi-
tioning head 2,2'7,27'',2°,2*,2% and the telescopic tubu-
lar body 4; said “operative connection” can be actuated
in numerous ways, all known to skilled persons 1in the
field, for example by means of control levers directly or
indirectly connected to the above-mentioned parts; conse-
quently no further mention will be made in this respect.

The form of the handpiece is of no particular inter-
est for the present invention, as it is produced analo-
gously to those known in the art; consequently no further
detail is provided herein with respect to the handpiece.

The catheter 1 comprises a telescopic tubular body 4
in turn comprising: an outer tubular body 4a, an inner
tubular body 4b, concentric with respect to each other.

A sheath 4c, also eccentric with respect to the tub-
ular bodies 4a, 4b, 1is also envisaged for covering the
outer tubular body.

The tubular bodies 4a and 4b are preferably cylin-
drical, even if, 1n general, they can be oval or polygo-
nal (with rounded corners).

The catheter 1 also comprises a rod-like guiding el-

ement 5 partly housed in the inner tubular body 4b with a

16
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free end 5a which protrudes from the inner tubular body
4b.

The rod-like guiding element 5 is used by the sur-
geon for guiding the movement of the catheter 1 when in-
serting it into the patient’s veins; this guiding element
is per sé of the known type and no further mention will
be made thereof.

As can be seen 1in the figures, the positioning head
2 1s situated in the proximity of the free end 5a of the
rod-like guide 5, whereas the ablation head 3 is situated
in the proximity of the positioning head 2, but in a re-
mote position with respect to the free end 5a; in other
words, the ablation head 3, when 1in use, 1is positioned
between the outer tubular body 4a and the positioning
head 2 (see figures 2 or 11, 12, for example).

In general, the ablation head 3 comprises a plurali-
ty of ablation elements or petals 3a.

In the embodiment illustrated, there are four abla-
tion petals 3a, but there could also be two, three or
more.

A specific feature of the ablation elements 3a 1is
that they can be moved, or rather extracted, from a rest
position in which they are housed in the outer tubular
body 4a (as in figures 1, 3 and 4) to an operating posi-
tion in which they protrude from the outer tubular body
4da extending and broadening out both radially and axially

towards the positioning head (as in figures 2, 5, 11-14).

17
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The movement between the two positions, rest and op-
erating, 1s effected thanks to a mechanical control posi-
tioned in the handpiece of the device and which allows
the controlled and adjustable extraction of the ablation
petals 3a.

In short, between the inner tubular body 4b and the
outer tubular body 4a, there 1is at 1least one housing
chamber 6, in which the petals 3a are positioned in a
rest condition and from which they are extracted to be
brought into an operating condition.

In some embodiments, a single housing chamber is en-
visaged for each petal 3a, whereas in other embodiments,
such as that 1illustrated, there is only one chamber 6,
which in a sectional and front view, 1s substantially in
the form of a circular crown, as it is formed between the
outer 4a and inner 4b tubular bodies.

This allows the elements 3a, when in a rest condi-
tion, to be kept withdrawn inside the chamber 6 during
the positioning phase of the catheter (see figures 1, 3
and 4), without creating an obstacle during the passage
of the catheter inside the patient’s veins, and to be ex-
tracted from the chamber 6 only when the catheter 1 is
positioned.

At least one, preferably all, of the ablation ele-
ments 3a comprise a continuous (clearly visible in figure
5) - or distributed - ablation electrode 3b which extends
without interruption over a circumferential portion,

preferably peripheral, of each petal 3a, substantially

18
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along an arc of circumference having a longitudinal axis
of the rod-like guiding element 5, as center.

In other words, the electrode 3b occupies the whole
of the external body of the petal 3a, as far as the fold-
ed portions with a larger curvature radius which connect
it with two side portions 3¢ of the petal 3a, each con-
nected to an end of the ablation electrode (3b).

Characteristically, the side portions 3c and the ab-
lation electrode 3b are integral with each other, pro-
duced with the same folded metallic conductor, to which
further reference will be made hereunder.

In short, the petal is composed of a single, folded,
solid electric conductor (wire or lamina), of which the
circumferential part 3b forms the actual electrode and
the side parts 3¢ form side portions of the petal which
preferably do not contribute to the ablation process,
even 1if traversed by an electric current.

This effect is obtained, for example, by coating the
side portions 3¢ with a layer of electrically insulating
material, preferably a paint (not illustrated in the fig-
ures) .

Each ablation petal 3a is separate and distinct from
another ablation petal of the ablation head and all the
ablation petals 3a of the head are connected separately
to a separate electric energy generator to cause a ra-
diofrequency ablation under a powered condition of the

ablation electrode 3b.
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In this way, the gquantity of energy to be supplied
in relation to the desired result, can be regulated with
extreme precision.

The electrically conductive material forming the ab-
lation petal 3a is preferably composed of a shape-memory
metallic conductor, even more preferably a Nitinol wire,
a material which is known per sé for biomedical use; it
should be noted that, in general, other metals/metal al-
loys suitable for the purpose, can also be selected.

As it is fundamental for the safety and success of
the procedure to obtain a clear, continuous, ablation
line, without causing surface necrosis and damage to the
tissue, 1ideal conditions for enabling this can be ob-
tained when the petals are of Nitinol, each produced with
a single wire having a circular section with a diameter D
and with the following ratio between the diameter D and
the length L of the active part (circumferential part of
the petal, or electrode)

D/L ranging from 0.015 to 0.025, preferably equal to
about 0. 02.

The electrical and mechanical characteristics are
therefore optimized in relation to the advantages dis-
cussed above.

It should also be noted that by Jjoining (ideally)
the ablation electrodes 3b, they substantially develop
along the same circumference, having the axis of the
guiding element 5 as centre; only small arcs of this ide-

al circumference can remain unjoined (and therefore inac-
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tive in the ablation treatment); in this way, during a
treatment, an important portion of a blood vessel can be
ablated, leaving only small areas of tissue that do not
receive direct treatment.

This can be obtained even more so thanks to the fact
that, as the petals 3a are all produced with the same
conductor and with the same dimensions, the elasticity is
such that an optimal adherence of the petal to the sur-
face has been observed (the petal under the action of the
force against the tissue, becomes elastically deformed
until it adheres perfected to the tissue itself, regard-
less of rhythmic movements of the same) obtaining optimum
results 1in terms of ablation and also in preventing the
formation of clots.

In this sense, thanks to the optimal adherence, a
reduced overall quantity of energy can in fact be sup-
plied with respect to cases of the known art, with a con-
sequent lesser heating of the blood possibly in contact
with the electrode; at the same time, there is also a
lesser heating of the tissue, avoiding necrosis phenome-
na.

These small non-treated areas can be subsequently
ablated by the surgeon, 1f necessary, for example by ro-
tating the whole catheter 1 on itself or, more advanta-
geously, only the petals 3a, keeping the positioning head
2 fixed.

It should be pointed out that the small angular ex-—

tension of the arcs in which the ablation electrode 3b is
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not active, ensures that the surface treated by each ac-
tivation of the ablation petals 3a, is high, much higher
than the known radiofrequency catheters with an ablation
tip described above.

This allows a more rapid treatment of the patient,
with the advantages indicated above.

Referring again to the side portions 3¢, with refer-
ence to figure 2, 1t can be noted that, in the preferred
embodiment illustrated, these do not develop exactly ac-—
cording to a perpendicular axis to that of the guiding
element 5 (more specifically, they do not 1lie on the
plane on which the axis of the guiding element 5 is nor-
mal): the side portions 3¢ are in fact slightly tilted
(in a side view) towards the free end 5a of the guiding
element 5, specifically forming a petal.

The side portions 3¢ therefore preferably develop,
at least partly, along the generatrices of a cone (or
truncated cone, depending on the cases) having as axis
the longitudinal axis of the guiding element 5.

In this way, also due to the intrinsic elasticity of
the elements 3a (whether they be metal laminates or
wires), when the ablation segment 3b 1s resting on the
tissue to be ablated, they are able to dampen, by bend-
ing, small oscillations or physiological movements (of
both the tissue and surgeon’s hand), always keeping the
ablation electrode 3b in contact with the tissue itself,
guaranteeing a reliable contact and a consequent effec-—

tive treatment, with the advantages discussed above.
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For each petal 3a, one of the side portions 3c is
preferably fixed to the outer tubular body, whereas the
other side portion extends (or 1is connected) as far as
the handpiece, where it 1s connected to the mechanical
activation elements or to the specific generator for
this.

Each petal, in addition to being individually acti-
vated, can also be individually extracted from the tubu-
lar body 4a in which it is housed in a non-operating con-
dition.

For this purpose, as can be seen in figures 17, 18,
19, the side portion 3¢ of each petal is both mechanical-
ly and electrically connected to a specific conductor 39.

In the preferred embodiment of figures 17, 18, the
conductor 39 is integral with the petal 3a, as it is pro-
duced with the same Nitinol wire, with the same diameter.

In this preferred embodiment, only one side portion
3c 0of each petal extends as far as the handpiece, the
other portion being fixed in correspondence with the ter-
minal end of the body 4a, for example a terminal bush;
the bush 37 therefore preferably slidingly houses a side
portion of each petal 3¢, whereas the other terminal por-
tion of the same petal is fixed to the bush 37 itself.

In the preferred example of figures 11-21, there are
four petals 3a, therefore eight side portions 3¢ and con-
sequently there will be four conductors 39 which extend

as far as the handpiece.
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It should be noted that in this preferred embodi-
ment, the conductors 39 of each petal substantially ex-
tend as far as the handpiece housed inside the body 4a,
in the space between this and the body 4b.

In this route that passes from the petals to the
handpiece, the conductors 39 are spirally wound 1in said
space between the bodies 4a and 4b.

Each conductor 39 is electrically isolated from the
other so that the powering of one of these does not cause
the powering of those nearby.

Again, with Dbrief reference to the ablation elec-
trodes 3b, 1in a particularly advantageous embodiment,
they can be selectively activated: in short, each segment
3b and/or each element 3a 1is connected to a power source
separately from the others and can be activated individu-
ally; for this purpose, the ablation apparatus of the in-
vention comprises a number of radiofrequency electric en-
ergy dgenerators equal to that of the petals, which are
connected separated and individually to each generator by
means of the conductors 39.

Fach electrode 3b and/or each petal 3a 1is therefore
connected individually to and can be powered individually
by an electric energy source (preferably a radiofrequency
generator) .

The surgeon can therefore choose which electrodes 3b
and/or petals 3a to activate depending on the treatment

conditions, and can also repeat it only in correspondence

24



10

15

20

25

WO 2015/140741 PCT/IB2015/051998

with areas that have not been sufficiently treated and/or
avoid activating areas of risk for the patient.

In a particularly advanced embodiment, each petal 3a
can be advantageously moved individually (with respect to
the others) between the rest condition and the, extract-
ed, operating condition.

This allows the surgeon to extract only the ablation
petals 3a that are necessary, for example when the dimen-
sions/forms of the tissue to be ablated have physiologi-
cal features that make it advisable.

The ablation petals 3a are optionally rotatingly as-
sociated with the telescopic body 4 so that they can be
rotated without causing the body 4 and/or the positioning
head 2 to also rotate; this is obtained, for example in
the case o0of the embodiment of figures 11-21, making the
terminal bush 37 (provided with seats in which the con-
ductors 39 pass axially before being connected to the
portions 3c) rotate freely with respect to the body 4a.

The petals 3a are preferably controlled by the hand-
piece of the device, by means of a mechanical, or elec-
tric or pneumatic control.

This allows a high flexibility of use to be obtained
together with a considerable precision: when the surgeon
has positioned the catheter 1 in an operating position,
he keeps 1t in the correct position thanks to the posi-
tioning head 2 (to which further reference will be made
hereunder), and can proceed with treating the wvarious

parts of tissue, extracting, rotating and activating the
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petals 3a alone, without having to repeat the positioning
phase each time.

This contributes, inter alia, to making the treat-
ment even more rapid, with the advantages indicated
above.

According to an optional and advantageous character-
istic, also regardless of the other features of the in-
vention, at least one - preferably a plurality - of addi-
tional conductors 38 1is envisaged, partly housed in the
telescopic tubular body 4, shown in the preferred embodi-
ment of figures 11-21.

The additional conductors 38 are also housed in the
body 4a, in the space between this and the body 4b, adja-
cent to the conductors 39, in particular spirally ar-
ranged and interspersed with the latter.

Said additional conductors 38 are not in electric
contact with the petals 3a and serve to reduce the eddy
currents and allow a better control of the energy sup-
plied to each petal during the operating phase of the
catheter.

These advantages are more strongly felt when abla-
tion petals such as those described above are used, which
are connected independently to the generators; in this
way, eddy currents can be avoided, which could make the
treatment less precise.

This advantage 1is offered when the ablation appa-

ratus comprises discretized electrodes and also when the
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electrodes are continuous, as 1in the catheter described
above.

Eddy currents are generated on the electrodes that
are not fed due to those that are being fed at the
same time by the respective generator and also cause the
powering of the electrodes which, on the other hand,
should not be fed.

The additional conductors 39 are preferably com-
pletely contained in the telescopic tubular body 4 and
exit from this only on the side of the handpiece.

Each additional conductor is preferably “U”-folded
inside the body, with the two free ends exiting from the
proximal side and the folded part which extends into the
tubular body as far as its end; alternatively and prefer-
ably, all or only part of the additional conductors can
be electrically connected to each other.

The additional conductors 39 are preferably copper
wires.

When the supply conductors of the electrodes are
spirally wound in the body 4, the additional conductors
38 are interposed between them, so that each supply con-
ductor 39 of a petal 1is adjacent, on the two opposite
sides, to two branches of the same - or different - addi-
tional conductors 38.

This arrangement, shown in detail in figures 17, 18,
19 allows the phenomenon of eddy currents described above

to be completely or almost completely eliminated, so that
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the ablation treatment can be controlled with extreme ac-
curacy.

Finally, according to another optional and advanta-
geous feature, the ablation head 3 comprises at least one
contact sensor, capable of measuring the contact with the
surface to be treated, effecting the treatment with
greater precision.

In particular, 1in one embodiment, said contact sen-
sor is a capacitive sensor, which indirectly measures the
percentage of the electrode 3b which is in contact with
the tissue.

If the ablation is obtained by means of RadioFre-
quency (RF), for example, the same electrode 3b acts as
electrode of the capacitive sensor: by passing a control
current, it 1is 1in fact possible to reveal whether the
same 1is or is not in contact with the tissue.

With respect now to the positioning head 2, this
comprises a plurality of extractable positioning arms 2a.

Said arms 2a pass from a rest position, in which
they are housed in the inner tubular body 4b, to an ex-
tracted, operating, position, in which they protrude ra-
dially from this.

Also in this case, analogously to the ablation head
3, the extractable positioning arms 2a remain withdrawn
during the insertion phase of the catheter into the vein,
until this has reached the area to be treated, so as not

to represent an obstacle during this phase, and they are
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extracted to maintain the position reached, buffered
against the walls of the vein/artery to be treated.

In particular, the extractable arms 2a are prefera-
bly housed between the inner tubular body 4b and the rod-
like guiding element 5.

The extractable arms 2a form a kind of positioning
cage, destined for abutting inside the vein, so as to
keep the ablation head correctly 1in position 1in corre-
spondence with the ostium of the vein itself.

In the embodiment illustrated, there are advanta-
geously eight extractable positioning arms 2a, but, more
generically, there could be two, three, four or more.

Also 1in this case, the extractable positioning arms
2a are controlled, 1in the extraction/re—-insertion move-
ment (from the rest position to the operating position
and vice versa) by means of a mechanical system situated
in the handpiece of the device and which allows the con-
trolled and adjustable exiting of the extractable ele-
ments 2a.

In other embodiments, the positioning head is an in-
flatable body (not shown) which is expanded from the rest
position to the operating position, like a balloon.

Also in this case, the inflatable body is preferably
housed, under rest conditions, inside the tubular body 4.

The advantages of using a positioning head 2 provid-
ed with arms 2a, with respect to the inflatable body,
are, first of all linked to the fact that the former so-

lution does not block the passage of blood in the wvein,
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as would be the case, on the contrary, with a balloon in-
flated internally (possibly causing clots or pulmonary
hypertension phenomena) .

The inflatable body, moreover, has the advantage of
being able to be filled with radio-opaque fluid for a
better and more precise visualization.

According to a particularly advantageous character-
istic, regardless of 1its practical embodiment, the posi-
tioning head 2 comprises at least one sensor capable of
revealing electric potentials in the tissue, consequently
allowing the completeness of the ablation effected, to be
revealed.

This sensor, can be produced in various ways, ac-
cording to the case.

It can, for example, be an electrode applied to the
arms Z2a or to the inflatable body.

Alternatively, when the positioning head 2 comprises
metal arms 2a, these, in practice, form the electrode for
the detection, thanks to which the electric potentials of
the vein are revealed and the isolation of the vein is
verified during and at the end of the treatment.

As far as the positioning head 2 described above, 1is
concerned, it is interesting to note how this comprises,
in both the embodiment described above and also in its
variants 27', 2''', 2°, 2*, 2” which will be briefly de-
scribed hereunder, at least one extractable positioning
arm 2a (and 2a'',2a''',2a°,2a*,2a”™ 1in the variants de-

scribed hereunder) that can be moved between a rest posi-
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tion, in which it adheres to the rod-like guiding element
5 and is housed in the body 4 of the catheter, and an en-
larged operating position, in which it protrudes from the
rod-like guiding element 5, broadening out in a radial
direction.

The guiding rod-like element 5 slides in the inner
tubular body 4b; the positioning head 2, 277, 27'', 2°,
2*, 27, under rest conditions, has such dimensions that
it can be inserted in the inner tubular body 4b.

The catheter 1 can then be inserted into the wvein so
as to occupy a minimum space and there are no protrusions
which could obstruct its passage in the patient’s body,
subsequently, when the catheter 1 is in the area to be
treated, the rod-like element 5 is extracted from the in-
ner tubular body 4b and, when the catheter has reached a
correct position, in which it must be fixed, the posi-
tioning head 2, 2'*, 27'r, 2°, 2*, 2~, is enlarged or,
rather, its arms 2a, 2a'',2a''',2a®,2a*,2a” are enlarged,
which pass from a rest position to an enlarged position
and can be abutted against the surrounding tissues, so as
to keep the catheter 1 in position.

The synergy of advantages deriving from the combined
use of an ablation head 3 and a positioning head 2, ac-
cording to the invention, are therefore evident.

With respect to the description of the alternative
forms of the positioning head, reference should be made

to figures 6 to 10.
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In the figures, the catheter 1 is shown with the ab-
lation head in a rest condition and, for the sake of
clarity, only the positioning head is illustrated.

In this respect, it should be noted that, in order
to avoid encumbering the present description, no further
mention is made hereunder of the elements and character-
istics 1in common with the head 2 and arms 2a, already
presented above; it should also be noted that the same
parts illustrated in the previous figures are indicated
with the same reference numbers.

Fig. 6 shows a positioning head 2’’ in an enlarged
condition, which comprises only one arm 2a’’, in the form
of a spiral which develops around the rod-like element 5.

When in an extracted condition, the arm 2a’’ rests
with its coils on the tissue, helping to keep the cathe-
ter 1 in position.

Figures 7, 8, 9 and 10 show, in an enlarged condi-
tion, the positioning heads 27’7, 2°, 2* and 2"~ each com-
prising arms 2a’’’, 2a°, 2a* and 2a”® which extend accord-
ing to different geometries around the rod-like element
5:
the arms 2a’’’, in an extended condition, each form a
kind of rectangle (in a side view) with rounded edges,
the arms 2a°, 1n an extended condition, each form a kind
of semicircle (in a side view),
the arms 2a*, in an extended condition, each form a kind

of isosceles triangle (in a side view),
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the arms 2a”, in an extended condition, each form a kind
of semi-arrow (in a side view) with rounded edges.

It should be noted, moreover, that each extractable
arm 2a, 2a’'’,2a’'’’, 2a°, 2a* and 2a” 1is arched (even 1if
it does not develop according an actual arc of circumfer-
ence except for the arms 2a°) and extends substantially
between said inner tubular body (4b) and said free end
(5a) of said rod-like element (5).

Even if two arms are shown in the examples of these
variants, three, four or more arms can be envisaged, sim-
ilar to the arms Z2a described above.

With reference to figures 11-21, which show a pre-
ferred embodiment, it should be noted that, analogously
to the conductors 39 of the petals, each arm 2a of the
head 2 also extends into the body 4b as far as the hand-
piece by means of elongated spiral-shaped portions 29.

Each elongated portion is preferably integral with
the respective arm 2a and is produced in the same materi-
al, preferably conductive such as Nitinol or similar.

Inside the body 4b, more specifically in the space
between this and the guidewire 5, each elongated portion
29 is electrically isolated from the others, so that pos-
sible electric signals can be revealed (or transmitted)
by the arms 2a independently of each other.

In the enclosed preferred embodiment, moreover, ad-
ditional second conductors 28 are envisaged for the posi-

tioning head 2, with advantages similar to those de-
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scribed above for the first additional conductors 38 (re-
lating to the eddy currents).

These additional conductors 28 develop on a helix
having the same pitch and the same diameter with respect
to the elongated portions 29, and are interspersed with
the latter, so that each elongated portion 29 of an arm
2a 1s adjacent, at the two opposite sides, to two branch-
es of the same - or different - additional conductor(s)
28.

In short, the effects relating to the reduction in
the phenomena of eddy currents are thus reduced or even
cancelled.

The additional conductors 28 are preferably made of
copper, preferably shaped like U-folded wires inside the
body 4b (or, alternatively, preferably all or part of
them are electrically connected to each other), between
this and the guidewire, analogously to the additional
conductors 38 described above.

In the ablation apparatus, the above-mentioned addi-
tional dissipative conductors 28, 38 are preferably elec-
trically connected to ground.

The objectives indicated above have therefore been

achieved.
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CLAIMS
1. A catheter (1) for the ablation of tissues compris-
ing:
— a telescopic tubular body (4) in turn comprising an ex-
ternal tubular body (4a) and an internal tubular body
(4b) concentric with each other, and a rod-like guiding
element (5) at least partly housed in the internal tubu-
lar body (4b) with at least one free end (ba) protruding
from the internal tubular body (4b) 1in correspondence
with a distal end of the telescopic body (4);
- a positioning head (2,27',2''',2°,2%,2") and an abla-
tion head (3) in correspondence with the distal end of
the telescopic body (4), the positioning head
(2,2"',2"'",2°,2*%,2") being situated in the proximity of
the free end (5a) of the rod-like guide, and the ablation
head (3) in the proximity of the positioning head
(2,2, 2"'",2°,2*%,2"), in a remote position with respect
to the free end (b5a);
- a control handpiece at a proximal end of the telescopic
body (4) coupled with the guiding element (5), the abla-
tion head (3), the positioning head (2,27',2"''',2°,2*%,2")
and the telescopic tubular body (4);
wherein the ablation head (3) comprises at least two ab-
lation elements or petals (3a) that can be moved from a
rest position in which they are housed in the external
tubular body (4a) and an operating position in which they
protrude from the external tubular body (4a) like a pet-

al;
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characterized in that

each of the ablation elements or petals (3a) comprises:

- a continuous ablation electrode (3b) which extends
without dinterruption over a circumferential peripheral
portion of each petal (3a), substantially along an arc of
circumference having a longitudinal axis of the rod-like
guiding element (5) as 1its centre;

- two side portions (3c) of the petal (3a), each connect-
ed to an end of the ablation electrode (3b), in corre-
spondence with a curved section,

the side portions (3c) and the ablation electrode (3b)
being integral with each other, formed by means of the
same folded metallic conductor,

each ablation petal (3a) being separate and distinct from
another ablation petal (3a) of the ablation head,

all the ablation petals (3a) of the ablation head being
separately connected to a distinct electric energy gener-
ator to cause a radiofrequency ablation in a powered ab-
lation electrode condition (3b).

2. The catheter (1) according to the previous c¢laim,
wherein each ablation petal (3a) is produced with a sin-
gle Nitinol wire having a circular section with a diame-
ter D, and, as L 1is the linear length of the ablation
electrode, there is the following ratio

D/L ranging from 0.015 to 0.025, preferably equal to
about 0.02.

3. The catheter (1) according to one or more of the

previous claims, wherein the two side portions (3c¢c) of
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each petal (3a) are coated with an electrically insulat-
ing material, preferably an insulating paint.

4, The catheter (1) according to one or more of the
previous claims comprising, for each petal, at least one
conductor (39) which extends as far as the handpiece for
individually powering each petal, wherein said conductor
(39) extends inside the external body (4a), in the space
between this and the internal body (4b), preferably ar-
ranged spirally.

5. The catheter (1) according to one or more of the
previous claims comprising, for each petal, at least a
first additional conductor (38) at least partly housed in
the telescopic tubular body (4), and destined for prefer-
ably extending from the handpiece to the end of the ex-
ternal body (4b).

6. The catheter (1) according to the previous c¢laim,
wherein each first additional conductor (38) develops
spirally inside the external body (4a), and wherein said
conductors (39) alternate with at least one additional
conductor (38), inside said external body (4a).

7. The catheter (1) according to one or more of the
previous claims, wherein each petal (3a) can be moved in-
dividually with respect to the others between the rest
condition and the (extracted) operating condition.

8. The catheter (1) according to one or more of the
previous claims, wherein the ablation petals (3a) are ro-
tatingly associated with the telescopic body (4) so that

they can be rotated without causing the body (4) and/or
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the positioning head (2,27',2''',2°,2*%,2%) to also ro-
tate.

9. The catheter (1) according to one or more of the
previous claims, wherein the positioning head
(2,2"",2""'"v,2°,2%,2") comprises at least one extractable
positioning arm (2a,2a'',2a''',2a°,2a*,2a"), sald ex-
tractable positioning arm (2a,2a'',2a''',2a°,2a*,2a”) be-
ing movable between a rest position, in which it is
housed in the internal tubular body (4b), and an extract-
ed, operating position, in which it protrudes radially

from the internal tubular body (4b).

10. The catheter (1) according to one or more of the
previous claims, wherein the positioning head
(2,2"",2""'",2°,2%,2") comprises at least one sensor capa-

ble of revealing electric potentials in the tissue and

allowing the completeness of the ablation effected, to be

revealed.
11. The catheter (1) according to the previous claim,
wherein said arms (2a,2a'',2a''',2a°,2a*,2a”) are metal-

lic and form the detection electrode.

12. The catheter (1) according to the previous c¢laim,
wherein each arm is connected to at least one elongated
portion (29) which extends as far as the handpiece,
housed in the internal body (4b) and preferably spiral-
shaped.

13. The catheter (1) according to claim 12, wherein sec-

ond additional conductors (28) are envisaged for the po-
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sitioning head (2), which preferably develop spirally and
are interspersed with said elongated portions (29).

14. An apparatus for the ablation of tissues comprising
a catheter according to one or more of the claims from 1
to 13 and at least one electric energy generator for each
petal of said catheter, electrically connected to said

petal.
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