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DEVICE AND METHOD FOR THE THERMAL ABLATION OF TUMORS BY

MEANS OF HIGH-FREQUENCY ELECTROMAGNETIC ENERGY

The present invention relates to a device and a method for the treatment of tumors

by means of thermal ablation (TA) induced by electromagnetic energy, for instance in

the radiofrequencies (RF) or in the microwaves (MW) range, and in particular to a

device and a method for the TA which allow to obtain large-volume thermal lesions

having a controlled shape by using a substance capable of keeping constant the

hydration conditions of the tissues and/or keeping a low coupling impedance between

the active part of the electrode and the surrounding tissues even at high temperatures.

It is known that the procedure of TA induced by electromagnetic energy

essentially consists of inserting in a tumoral mass an electrode that, being supplied with

electromagnetic energy at a suitable frequency, leads to the generation of heat in the

tumoral tissues surrounding the electrode, thus determining their coagulative necrosis.

The electrode, being generally placed at the end of a needle or a catheter, is

percutaneously inserted in the mass of the tumor and guided by means of echography or

another known visualization technique. This procedure has proved to be effective for

the ablation of tumors of the liver and has recently been suggested for the ablation of

tumors of lung, kidney and other parenchymal organs.

One of the major problems of this kind of procedure resides in the difficulty of

destroying tumoral masses having a diameter that is larger than 3 cm. The main reason

is that the energy delivered through the electrode inserted in the tumoral mass cannot be

indefinitely increased. In fact, if on one hand the delivery of high power allows to

increase the size of the thermal lesion, on the other hand it causes a rapid dehydration of

the tissue being closest to the electrode. This causes a rapid increase in the electrical

impedance, resulting in the impossibility of delivering further energy to said

surrounding tissue.

Devices and methods are already known in order to delay the dehydration of the

tissues adjacent to the electrode. For instance, in patent US 6.210.411 a device is

disclosed being provided with an electrode which is partially permeable to liquids,

through which water or another saline solution is injected into the tissues surrounding



the same electrode. The end of the electrode is made of a porous sintered material that

allows to uniformly inject the liquid into the tissues in order to prevent their dehydration

in the proximity of the same electrode. However, this device exhibits the drawback of

not allowing to control the real distribution of the injected liquid through the tissues

and, in addition, requires the continuous liquid injection for the whole duration of the

treatment.

Devices and methods are also known in order to increase the volume of the

thermal lesion in the tumoral mass, consisting of the infusion of a conductive liquid

therein, which transmits energy around due to its electrical conductivity. Patent US

6.911.019 discloses a catheter being provided with an helicoidal needle which is

inserted into the tumoral mass in order to create an helicoidal cavity that is infused with

a conductive liquid. The object is to create a channel with a prescribed shape in order to

control the size of the thermal lesion. However, this method has the drawback of

generating a thermal lesion having an irregular shape and a size being difficult to predict

due to the uncontrollable distribution of the conductive liquid through the tissues.

In patent application US 20040006336 a device is disclosed showing a hollow

electrode that allows to improve the infusion of the conductive liquid into the tissue.

Also this device exhibits the drawback of not allowing the control of the distribution of

the conductive liquid through the tissues, that is the size of the zone being subject to the

TA.

In patent application WO 9428809 a device is disclosed being provided with one

electrode that is cooled by means of a cooling system based on the circulation of a fluid.

The cooled electrode delays the dehydration of the tissues surrounding it being caused

by the high temperatures, thus allowing to generate thermal lesions having a larger

volume with respect to those obtainable without cooling. However, even in a longer

time, the dehydration of the tissues anyway occurs with such a device, but only thermal

lesions having a limited volume can be achieved due to interruption of the energy

delivery caused by the sudden increase of the impedance.

Object of the present invention is thus to provide a device and a method for the

TA being free from the above-mentioned drawbacks, being suitable for increasing the

volume of the thermal lesion to the utmost and for giving it a controllable shape,



preferably as round as possible. Such an object is achieved with the device for the TA

according to the present invention, whose characteristics are specified in claim 1.

Further characteristics of such a device are specified in the dependent claims hi the

subsequent claims the characteristics of the method for the TA according to the present

invention are specified. According to the present invention, the temperature being

needed in order to dehydrate the tissues surrounding the active portion of the electrode

and/or in order to increase the coupling impedance between the same tissues and the

active portion of the electrode is much higher with respect to the known devices and

therefore it is possible to deliver an adequate power level to the tumoral tissue wherein

the electrode is inserted for a much longer time, without reaching the limit due to the

dehydration of the tissues surrounding the electrode. Delivering high powers for a

longer time allows to obtain the coagulative necrosis in regions being farther from the

electrode and thereby thermal lesions having a much larger volume.

One advantage provided by the device and the method for the TA according to the

present invention is that the injected substance allows to keep hydrated the region

surrounding the electrode, even at very high temperatures.

Another advantage of the device and the method for the TA according to the

present invention is that the impedance of the tissues being subject to the generated

electric field is kept at suitably low values in a constant and controllable way.

A further advantage of the device and the method for the TA according to the

present invention is that they allow to predict the volume of the thermal lesion by

establishing a suitable time-profile of the power delivery, due to the fact that the

impedance is constantly kept at low values and the tissues are constantly kept hydrated.

This and other advantages of the device for the TA according to the present

invention will be evident to those skilled in the art from the following detailed

description of some embodiments thereof with reference to the annexed drawings

wherein:

Figure 1 shows a detailed sectional view of the end of the device for the TA

according to one embodiment;

Figure 2 shows an example of a thermogravimetric curve of a hydrogel;

Figure 3 shows a detailed sectional view of the end of the device for the TA



according to another embodiment;

Figure 4 shows a detailed sectional view of the end of the device for the TA

according to still another embodiment;

Figure 5 shows a detailed sectional view of the end of the device for the TA

according to a further embodiment; and

Figure 6 shows a detailed sectional view of the end of the device for the TA

according to still a further embodiment.

Fig. 1 shows that the device for the TA according to the present invention is made

of a thin hollow element 1 provided with a closed tip 2 and with one or more openings 3

circumferentially arranged in proximity of said tip 2. The diameter of the hollow

element 1 is preferably comprised between about 0,9 mm and about 5 mm, on the basis

of the type of operation and of the size of the zone to be treated. Once the hollow

element 1 has been inserted into the mass of the tumor, an injection system injects a

substance 4 through the one or more openings 3 of the hollow element 1 into the

surrounding tissues. As the tip 2 of the hollow element 1 is closed, the substance 4

radially outflows from the openings 3 formed thereon, thus spreading in a substantially

spherical zone in the tissues adjacent to the element 1. In this particular embodiment,

the hollow element 1 is made of a conductive material and connected to a

radiofrequency energy generator; thus the hollow element 1 forms the active electrode

of the TA device.

The conductive exposed portion of the element 1 is preferably comprised between

about 1 mm and about 100 mm, on the basis of the type and size of the thermal lesion

desired to be produced. The portion of the element 1 being not exposed can be covered

by an insulating material, such as for example an insulating paint or an insulating sheath

5. For instance, by using an insulating sheath 5 it is possible to remove a portion

thereof, having the desired dimensions, at the beginning of the operation procedure in

order to adjust the size of the conductive exposed portion of the element 1 and thereby

the energy being delivered.

Then the radiofrequency energy generator supplies the device, thus causing ionic

turbulence in the zone surrounding the element 1 and thereby generating resistive heat.

All tissues being comprised between the electrode and the 60°C isotherm undergo to a



non-reversible coagulative necrosis. Non-reversible damages are associated to

temperatures comprised between 46°C and 600C, whose entity is proportional to the

time of exposure.

The substance 4 must be biocompatible and capable of maintaining even at high

temperatures a low coupling impedance between the active portion of the element 1 and

the surrounding tissues and/or keeping the hydration conditions of the tissues even at

temperatures being higher than the boiling temperature of the tissue liquids. In this way

a continuous energy delivery is granted from the device to the surrounding tissues. In

fact, due to the presence of the substance .4, the dehydration of the tissues does not

occur, which would lead to a sudden increase of the impedance preventing any further

delivery of energy. In addition, the substance 4 must have a high viscosity, that is at

least higher than that of the blood, in order to remain enclosed in a limited region close

to the active portion of the element 1 when it is injected in the area to be subject to the

TA. Thanks to its viscosity, the substance 4 being injected into the tumor occupies a

zone having shape and volume easily predictable and controllable, which allow to

generate thermal lesions being predictable and controllable as well. Finally, especially

in radiofrequency applications it is necessary that the substance 4 is also electrically

conductive. Suitable conductivity values of the substance 4 are comprised between one

tenth and one hundred times the electrical conductivity of the tissues liquids.

The substance 4 can be, for example, a ionic aqueous solution having a boiling

temperature much higher than that of the tissue liquids, and having viscosity and

conductivity as described above. The properties of this viscous solution can be adjusted

according to the type of the solute and to its the concentration. Alternatively, the

substance 4 can also be a suspension having viscosity and conductivity as described

above, with size of the suspended particles being comprised between about 1 and about

1000 µm.

In a preferred embodiment, the substance 4 is a hydrogel having such water

complexation features that its dehydration occurs only at temperatures being higher than

the boiling temperature of the tissue liquids, e.g. higher than 18O0C. Many articles have

been published on the features of such a kind of substance 4, as for instance the article

"Thermodynamic Study of Bone Composites", DV Rai and R. Singh, Trends Biomater.



Artif. Organs, VoI 19(1), pp 33-38 (2005).

In Fig. 2 there is shown an example of a thermogravimetric curve related to a

generic hydrogel. It is noted that in order to dehydrate a hydrogel it is necessary to bring

the free water contained therein to boiling, release the water adsorbed therein and break

the bonds of the water being chemically bonded. In order to dehydrate a hydrogel is thus

necessary to provide large amounts of energy, in order to keep low the impedance of the

hydrogel-tissues ensemble even at high temperatures for the whole duration of the

procedure. Ionic substances can be dissolved in the gel in case, in order to improve its

electric conductivity.

A substance 4 being particularly suitable due to its characteristics of electrical

conductivity, viscosity and hydration of the region to be subject to the TA is the gel

obtained with the haemostatic absorbable powder. This substance is available in trade

with the name Spongostan®, by Ferrosan A/S (Denmark). Other substances being

particularly suitable are the biological gels such as, for example, the ialuronic acid. It is

also possible the use of a mixture of one or- more substances among the above-

mentioned ones.

Still referring to Figure 1, it is noted that the opening 3 have such dimensions to

allow an easy outflow of the substance 4, which has a high viscosity, to be injected in

the region surrounding the active portion of the element 1. In order to grant an easy

injection of substances 4 having a viscosity being higher than that of the blood,

openings having a minimum width of about 0,2 mm are needed. The presence of a

plurality of openings 3 being circumferentially arranged in proximity of the tip 2 of the

element 1 allows to distribute the injected substance uniformly in more directions, thus

allowing to generate thermal lesions having a spherical shape resembling as much as

possible the shape and size of the mass of the tumor being treated.

In the known TA procedures, the impedance of the tissues surrounding the

element 1 initially decreases in time starting from an initial value (initial impedance) till

a minimum value (minimum impedance) at which the largest amount of energy is

delivered. This minimum value is nearly constant in time until the tissue liquids come to

boiling, which then lasts until the complete dehydration of the tissues being followed by

a sudden increase in the impedance and by the impossibility of delivering further energy



to the tissue. On the contrary, the use of the device and the method according to the

present invention allows to continue to deliver energy even at temperatures being close

to or higher than the normal boiling temperature of the tissue liquids, as the substance 4

allows to avoid the dehydration around the active portion of the element 1 thus granting

a continuous energy delivery therefrom to the tissues to be subject to the TA.

Thanks to the device and the method according to the present invention, it is

possible to deliver to the tissues energy amounts being much larger than those allowed

with the known devices and methods. For example, in the case of the described devices

for the TA with RF, the injection of a substance 4 capable of steadily and constantly

keeping the impedance at low values, e.g. lower than 50 Ohm, always leads to an

extension of the duration of the procedure for any power level and any area of the active

surface of the element 1, as well as to a consequent increase in the volume of the

obtained thermal lesion.

In Fig. 3 there is shown an alternative embodiment of the TA device with RF

according to the present invention, wherein the hollow element 1, which is also the

electrode, is cooled by means of a cooling system 6 based for instance on the circulation

of a cooling fluid 7. The circulation can, for example, take place within a stylet,

containing a cooling circuit, inserted into the element 1 once the substance 4 has been

injected in the zone to be subject to the TA.

In Fig. 4 there is shown another embodiment of the device for TA with RF

according to the present invention being provided with at least two symmetrical

openings 3 in proximity of the tip 2 of the hollow element 1. The openings 3 have such

a size to allow the injection of very viscous substances and to allow the use of one or

more filiform electrodes 8 being extractable therefrom. The extractable filiform

electrodes 8 enter the tissues surrounding the element 1 and are inserted in more

directions thus delivering energy in more points in the tumoral mass. The extractable

filiform electrodes 8 may be linear or may have other shapes suitable for further

enlarging the energy delivery zone, as for example spiral shapes.

In Fig. 5 there is shown a further embodiment of a device for the TA with RF

being of a bipolar type. The end of the hollow element 1 is divided into an upper zone 9

and a lower zone 10 by interposing a ring 11 being made of an insulating material and



having diameter and thickness equal to the element 1. The two upper 9 and lower 10

zones are connected to the two poles of the circuit, thus forming the active electrode and

the counter electrode, respectively. During a TA procedure, the substance 4 is injected

through the openings 3 of the hollow element 1 as previously described. When

switching on the radiofrequency energy generator, field lines are generated going from

one electrode to the other one and crossing the substance 4, and causing, as in the

previous cases, ionic turbulence and consequent resistive heat.

In Fig. 6 there is shown an embodiment of the device for the TA according to the

present invention being of a microwaves type, wherein, similarly to the previous

embodiments, the hollow element 1 is provided with a closed tip 2 and with openings 3

being circumferentially arranged in proximity of the tip 2 for the injection of the

substance 4. Inside the hollow element 1 a coaxial cable 12 is arranged delivering

electromagnetic energy in the microwaves range. In this case the hollow element 1 is

made of materials being transparent to the microwaves in order not to interfere with

propagation thereof through the tissues.

By means of the above-described devices it is possible to perform the method for

the TA according to the present invention comprising the steps of:

a. inserting into a tumoral mass a device being provided with one hollow

element 1;

b. injecting a biocompatible substance 4 through one or more openings 3 of the

hollow element 1; and

c. delivering high frequency electromagnetic energy to the tumoral mass till

the coagulative necrosis of the tissues.

In the method according to the present invention, the substance 4 to be injected

into the tumoral mass is biocompatible, dehydrates or boils at temperatures being higher

than the boiling temperature of the tissue liquids, has a viscosity being higher than that

of the blood and has an electrical conductivity being comprised between one tenth and

one hundred times the electrical conductivity of the tissue liquids.



CLAIMS

1. A device for the TA comprising a thin hollow element (1), one or more

electrodes (1, 8) connected to a generator of high frequency electromagnetic energy,

said hollow element (1) being suitable for injecting a substance (4) into a tumoral mass,

characterized in that said substance (4) is biocompatible, dehydrates or boils at higher

temperatures than the boiling temperature of the tissue liquids, has a higher viscosity

than that of blood and has an electrical conductivity comprised between one tenth and

one hundred times that of the tissue liquids.

2. A device for the TA according to claim 1, characterized in that the substance

(4) is a gel.

3. A device for the TA according to claim 2, characterized in that the substance

(4) is a hydrogel.

4. A device for the TA according to claim 3, characterized in that the substance

(4) is a thixotropic hydrogel.

5. A device for the TA according to claim 1, characterized in that the substance

(4) is an aqueous ionic solution.

6. A device for the TA according to claim 1, characterized in that the substance

(4) is a suspension having a suspended particles size being comprised between about 1

µm and about 1000 µm.

7. A device for the TA according to claim 1, characterized in that the substance

(4) is a mixture of the substances (4) according to claims 2, 3, 4, 5 and/or 6.

8. A device for the TA according to claim 1, characterized in that the tip (2) of

the hollow element (1) is closed.

9. A device for the TA according to claim 1, characterized in that one or more

openings (3) are provided on the hollow element (1), being circumferentially arranged

in proximity of its tip (2).

10. A device for the TA according to claim 1, characterized in that the hollow

element (1) is the active electrode.

11. A device for the TA according to claim 1, characterized by being provided

with a cooling system (6) wherein a cooling fluid (7) circulates.



12. A device for the TA according to claim 1, characterized in that the element

(1) is provided with one or more filiform electrodes (8) and the openings (3) are suitable

for allowing the extraction of said filiform electrodes (8).

13. A device for the TA according to claim 1, characterized by being bipolar and

in that the end of the hollow element (1) is divided into an upper zone (9) and a lower

zone (10) by interposing a ring (11) being made of an insulating material and having

diameter and thickness equal to the hollow element (1), said zones being respectively

connected to the two poles of the circuit, thus forming the two electrodes.

14. A device for the TA according to claim 1, characterized by comprising a

coaxial cable (12) for microwaves, being inserted into the hollow element (1).

15. Method for the TA comprising the steps of:

a. inserting a device being provided with a hollow element (1) into a

tumoral mass to be subject to TA;

b. injecting a biocompatible substance (4) through one or more openings (3)

of the hollow element (1); and

c. delivering high frequency electromagnetic energy to the tumoral mass till

the coagulative necrosis of the tissues;

characterized in that said substance (4) is biocompatible, dehydrates or boils at

higher temperatures than the boiling temperature of the tissue liquids, has a higher

viscosity than that of the blood and has an electrical conductivity comprised between

one tenth and one hundred times that of the tissue liquids.

16. Method for the TA according to claim 15, characterized in that the substance

(4) is a substance according to any claim from 2 to 7.

17. Method for the TA according to claim 15, characterized in that the device

inserted into the tumoral mass is the device for the TA of claim 1, 8, 9, 10, 11, 12, 13

and/or 14.









International application No

PCT/IT2006/000210

A. CLASSIFICATION OF SUBJECT MATTER
INV . A61B18/14

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name oi data base and, where practical, search terms used)

EPO-Internal

C DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

US 2005/245923 Al (CHRISTOPHERSON MARK A 1-11 ,13,
[US] ET AL) 3 November 2005 (2005-11-03) 14
paragraphs [0055] , [0058], [0059] ;
figure 5

US 2005/288566 Al (LEVENDUSKY JOSEPH A 1-7, 10
[US] ET AL) 29 December 2005 (2005-12-29)
paragraphs [0013] , [0019] , [0026] ;
figure 1

EP 1 344 497 A (RITA MEDICAL SYSTEMS INC 1-7,
[US] ) 17 September 2003 (2003-09-17) 10-12
paragraphs [0041] , -[0049] , [0055] ;
f i gures 2b, 6c

_ /

Further documents are listed in the continuation of Box C See patent family annex

* Special categories of cited documents
"T later document published after the international filing date

or priority date and not in conflict with the application but
'A' document defining the general state of the art which is not cited to understand the principle or theory underlying the

considered to be of particular relevance invention
E earlier document but published on or after the international 'X' document of particular relevance the claimed invention

filing date cannot be considered novel or cannot be considered to
"L' document which may throw doubts on pnonty claim(s) or involve an inventive step when the document is taken alone

which is cited to establish the publication date of another 'Y" document of particular relevance, the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

'O" document referring to an oral disclosure, use, exhibition o r document is combined with one or more other such docu¬
other means ments, such combination being obvious to a person skilled

'P' document published prior to the international filing date but in the art

later than the priority date claimed &" document member of the same patent family

Date o f the actual completion of the international search Date of mailing of the international search report

28 November 2006 05/12/2006

Name and mailing address of the ISA/ Authorized officer

European Pateni Office, P B 5S1S Patentlaan S
ML - 2280 HV Rijswijk

TeI (+31-70) 340-2040, T x 3 1 651 epo nl,
Fax (+31-70) 340-3016 MAYER-MARTENSON, E

Form PCT/ISA/210 (second sheet) (April 2005)



International application No

PCT/IT2006/000210

C(Continuatio π) . DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2005/182449 Al (AUGE WAYNE K II [US] ET
AL) 18 August 2005 (2005-08-18)
paragraphs [0078], [0136], [0153] -
[0155]; figure 11

WO 2006/031541 A (VNUS MED TECH INC [US];

ZIKORUS ARTHUR W [US]; THOMPSON RUSSELL B
[US]) 23 March 2006 (2006-03-23)
paragraphs [0120], [0121]

US 2004/172058 Al (EDWARDS STUART D [US]
ET AL) 2 September 2004 (2004-09-02)
paragraph [0117]; table 1

Form PCT/ISA/210 (continuation of second sheet) (April 2005)



International application N o

INTERNATIONAL SEARCH REPORT
PCT/IT2006/000210

Box Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This International Search Report has not been established in respect o f certain claims under Article 17(2)(a) for the following reasons

1 LxJ Claims Nos 1 5-17
because they relate to subject matter not required to be searched by this Authority, nameiy

Rule 39. 1(1 v ) PCT - Method for treatment of the human or animal body by
surgery

2 |_J Claims Nos
because they relate to parts o f the International Application that d o not comply with the prescribed requirements to such
a n extent that no meaningful International Search can b e carried out, specifically

Claims Nos
because they are dependent claims and are not drafted in accordance with the second and third sentences o f Rule 6 4(a)

Box III Observations where unity o f invention is lacking (Continuation o f item 3 o f first sheet)

This International Searching Authority found multiple inventions in this international application, as follows

I I A s all required additional search fees were timely paid by the applicant, this International Search Report covers all
I— ' searchable claims

A s all searchable claims could be searched without effort justifying a n additional fee, this Authority did not invite payment
o f any additional fee

3 I I A s only some o f the required additional search fees were timely paid b y the applicant, this International Search Report
cnoiv/peprs; nonnll\y/ thhnosspe ctalaiimmsc ffnorr whhiiπchh ff e»e s ww e rre npaaiiHd., snpfiecciiffiincaallKly/ claaiimm.s MNnoRs

N o required additional search fees were timely paid b y the applicant Consequently, this International Search Report is
restricted to the invention first mentioned in the claims, it is covered by claims Nos

Remark on Protest The additional search fees were accompanied by the applicant's protest

N o protest accompanied the payment o f additional search fees

Form PCT/ISA/21 0 (continuation o f first sheet (2)) (January 2004)



International application No
Information on patent family members

PCT/IT2006/000210

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2005245923 Al 03-11-2005 DE 102005020277 Al 15-12-2005
FR 2869525 Al 04-11-2005

US 2005288566 Al 29-12-2005 WO 2005118060 A2 15-12-2005

EP 1344497 A 17-09-2003 NONE

US 2005182449 Al 18-08-2005 NONE

WO 2006031541 A 23-03-2006 NONE

US 2004172058 Al 02-09-2004 NONE

Form PCT/ISA/210 (patem family annex) (April 2005)


	front-page
	description
	claims
	drawings
	wo-search-report

