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Description
FIELD OF THE INVENTION

[0001] Thepresentinvention relates to anintervention-
al ablation device which may be used for example for
ablating tumorous tissue within a body of a patient. Fur-
thermore, the present invention relates to an interven-
tional ablation needle, to a computer program element
enabling to control an ablation procedure and a computer
readable medium with such computer program element.

BACKGROUND OF THE INVENTION

[0002] Inoncology ablation of tumors is a common pro-
cedure especially in cases where resection of the tumor
is difficult or almost impossible. For example, in the liver
when there are plural tumor sites, complete removal may
not be possible when these sites are present in different
parts of the liver. What is typically done then is that part
of the liver containing the major tumor sites is removed
while the remaining part of the liver, also containing tumor
sites, is treated by a needle ablation procedure. Therein,
one or more needles may be positioned within the tumor-
ous tissue for example by using image guidance based
on for example previously or simultaneously acquired ul-
trasound or computer tomography images.

[0003] Severaltypes of ablation techniques are known.
For example, radio frequency (RF) ablation may be used
during intervention to treat tumorous tissue. Typically, a
RF ablation needle produces a high frequency alternating
current between 100 kHz and 500 kHz. lons are agitated
by the induced electromagnetic field and due to friction
this motion is converted into heat. The heat in turn may
induce cell death and hence may result in the destruction
of tumor cells.

[0004] However, heat propagation may be difficult to
predict because it may depend strongly on morphology
of the heated tissue and whether for instance blood ves-
sels acting as a heat sink are present. Therefore, it may
be almostimpossible for a surgeonto tell whether a tumor
has been completely treated, especially because such
ablation progression generally is not visible under normal
ultrasound vision.

[0005] WO 2008/023321 A2 describes anintervention-
al device for RF ablation for use in a RF electrical and/or
magnetic field especially of a MR imaging system com-
prises an ablation catheter which is preferably trackable
or can be guided or visualized in the image generated
by the MR imaging system by means of a micro-coil. How-
ever, the alternative of using magnetic resonance imag-
ing (MRI) for guidance of the ablation needle could make
the intervention very costly and impractical because then
during the surgical intervention such surgery equipment
needs to be available. Another similar device is described
in WO 01/74252.

10

15

20

25

30

35

40

45

50

55

SUMMARY OF THE INVENTION

[0006] There may be a need for an interventional ab-
lation device and a computer program element allowing
simple and cost-effective monitoring of an ablation pro-
cedure.

[0007] Such need may be met by the subject-matter
of the independent claims, which define the scope of the
invention. Advantageous embodiments are described in
the dependent claims.

[0008] According to a first aspect of the present inven-
tion, an interventional ablation device comprises an ab-
lation needle with an elongated body, an ablation element
and at least one sensor element. Therein, the device is
adapted for detecting physiological information of tissue
surrounding an ablation site based on measurement val-
ues provided by the sensor.

[0009] According to a second aspect of the present
invention, an ablation needle with an elongated body, an
ablation element and at least one sensor element is pro-
posed. The sensor is adapted for providing measurement
values enabling a detecting of physiological information
of tissue surrounding an ablation site. Preferably, the
needle comprises two or more sensors at opposite sides
of the ablation element.

[0010] According to athird aspect of the presentinven-
tion a computer program elementis adapted for enabling,
when executed on a computer, to control the following
processes during an ablation procedure: acquiring meas-
urement values provided by a sensor arranged on an
elongated body of an interventional ablation device; and
providing physiological information based on the ac-
quired measurement values. Preferably, an ablation el-
ement provided on the body may be controlled based on
the physiological information or the physiological infor-
mation may be displayed to a user.

[0011] A gist of the present invention may be seen in
the idea to integrate one or more sensors into the elon-
gated body of an interventional ablation device which
sensor(s) allows to detect physiological information of
tissue which is treated using the ablation element for ex-
ample during a surgical ablation intervention. From the
detected physiological information, it may then be pos-
sible to discriminate a type of tissue adjacent to the sen-
sor, i.e., whether the tissue surrounding the body of the
ablation device adjacent to the sensor is for example nor-
mal healthy tissue, tumorous tissue or ablated tissue.
Such tissue discrimination information may then be pro-
vided to a surgeon or may be used to automatically con-
trol an ablation procedure. For example, knowing a vol-
ume and geometry of a tumor enclosed within healthy
tissue for example by preceding acquisition of computer
tomography information and furthermore knowing a pre-
cise location of the ablation device with respect to the
tumor as well as a precise location of the sensor with
respect to the ablation element of the ablation device, an
ablation procedure may be precisely controlled allowing
to completely destroy the tumor without unnecessarily
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affecting adjacent healthy tissue.

[0012] The sensor may be for example an optical sen-
sor possibly connected to or comprising a light source
and a light detector. The sensor may then be adapted to
provide measurement values based on light reflected by
adjacent tissue. Advantageously, the sensor may be
adapted for measuring a reflectance spectrum of the re-
flected light. From such reflectance spectrum, the type
of tissue may be derived. Other types of optical sensors
using optical techniques such as fluorescence detection,
two-photon spectroscopy, Raman spectroscopy, differ-
ential path length spectroscopy or diffuse optical tomog-
raphy may be used as well for detecting the physiological
information of the adjacent tissue. Furthermore, the sen-
sor may be adapted for microscopic sensing like using
fiber bundle approach, scanning optical coherence tom-
ography or scanning fiber technology.

[0013] Advantageously, at least two sensors are ar-
ranged at opposing sides of the ablation element, pref-
erably along a line parallel to the longitudinal axis of the
elongated body. Such two sensors may be arranged ad-
jacent to the ablation element and at a predetermined
distance apart from the ablation element. Having such
two sensors arranged at opposing sides of the ablation
element may allow for monitoring an ablation progression
in both opposing directions away from the ablation ele-
ment and parallel to the elongated body.

[0014] Advantageously, a plurality of sensors is ar-
ranged at opposing sides of the ablation element. The
sensors may be arranged along a line parallel to the lon-
gitudinal axis of the elongated body and may be spaced
apart from each other at predetermined distances. By
monitoring the measurement values provided by each of
the spaced apart sensors, an ablation progression may
be monitored and the ablation process may be stopped
as soon as the entire tumorous tissue has been ablated
and before an excessive amount of healthy tissue is af-
fected.

[0015] In further embodiments, the ablation device
may additionally comprise a controller for automatically
controlling the ablation element based on the detected
physiological information. For example, such controlling
may be based on measurement values of specific sen-
sors out of a plurality of sensors indicating that during
the ablation procedure, tissue adjacent to the sensor
changes optical properties due to a transition from tu-
morous tissue to ablated tissue while neighboring sen-
sors detect healthy tissue or a transition from healthy
tissue to ablated tissue. Such information may then be
used to stop the ablation procedure.

[0016] Additionally, the controller may take into ac-
count additional information on tissue at the ablation site
obtained in pre-operative data acquisition such as e.g.
information on a geometry or volume of tumorous tissue
obtained by e.g. a preceding MRI analysis.

[0017] Furthermore, the ablation device may comprise
an imaging device for acquiring a plurality of measure-
ment values provided by one or more sensors in different
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orientations of the respective sensor and generating
there from a two-dimensional image. Furthermore, hav-
ing generated a plurality of two-dimensional images at
different locations of the respective sensor, a three-di-
mensional image may be generated using e.g. tomo-
graphical techniques.

[0018] Itisto be noted that aspects and embodiments
of the present invention are described herein with refer-
ence to different subject-matters. In particular, some em-
bodiments are described with reference to the interven-
tional ablation device and its components such as par-
ticularly an ablation needle whereas other features are
described with reference to specifically using or control-
ling such interventional ablation device. However, a per-
son skilled in the art will gather from the above and the
following description that, unless other notified, in addi-
tion to any combination of features belonging to one type
of subject-matter also any combination between features
relating to different subject-matters is considered to be
disclosed with this application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Features and advantages of the present inven-
tion will be further described with reference to specific
embodiments as shown in the accompanying figures but
to which the invention shall not be limited.

Fig. 1 schematically shows aninterventional ablation
device according to an embodiment of the present
invention.

Figs. 2 to 4 schematically show a progression of an
ablation procedure using an ablation device accord-
ing to an embodiment of the present invention.
Figs. 5 to 7 show examples of reflectance spectra
measured by an optical sensor as it may be used in
an ablation device according to an embodiment of
the present invention.

[0020] The features shown in the drawings are sche-
matic only and are not to scale. Throughout the figures,
similar features are indicated with similar reference signs.

DETAILED DESCRIPTION OF EMBODIMENTS

[0021] Fig. 1 shows an interventional ablation device
1 according to an embodiment of the present invention.
The ablation device 1 may be used for example to ablate,
i.e. remove or destroy, e.g. malicious tissue such as tu-
morous tissue enclosed by healthy tissue.

[0022] The ablation device 1 comprises an ablation
needle 3 having an elongated body 5 and a handle 7.
The elongated body 5 has a small diameter of e.g. be-
tween 22 and 11 gauge i.e. 0.72 and 3.05 mm and a
length of e.g. between 100 and 300 mm or even more
preferred between 120 and 250 mm. Furthermore, the
elongated body 5 has a pointed tip at a distal end thereof
thereby enabling to introduce the ablation needle easily
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into a patient’s tissue.

[0023] An ablation element 9 is arranged on the body
5. The ablation element 5 is arranged in a region close
to the distal end of the body 5 but spaced apart from this
distal end. For example, the ablation element may be
arranged at a distance between 5 and 100 mm away from
the distal end of the body 5.

[0024] At opposite sides along the body 5, a plurality
of sensors 11, 13, 15, 17, 19, 21 are arranged on the
body 5. The sensors are spaced apart from each other
and from the ablation element 9 at distances of e.g. be-
tween 1 and 50 mm or even more preferred between 1
and 10 mm.

[0025] The ablation needle 3 may be provided as a
disposable product. Such disposable needle may be con-
nected to further components of the ablation device. For
example, the needle 3 may be connected to a controller
console 23 which may acquire measurement values from
the sensors provided on the needle and may control the
ablation element provided on the needle. The needle may
be disposed and replaced after each operation.

[0026] The ablation element 9 may be a radio frequen-
cy ablation (RFA) element adapted to emit energy by
producing a high frequency alternating currentin arange
of 100 kHz to 500 kHz. Such high frequency energy may
be absorbed by ions comprised in the adjacent tissue
and due to an agitation of these ions, the tissue may be
effectively heated. The heat may induce cell death. Ac-
cordingly, when the ablation needle is inserted into a pa-
tient’s tissue such that its ablation element 9 is located
within tumorous tissue, such tumorous tissue may be lo-
cally heated and the tumor cells may be destroyed.
[0027] Alternatively, the ablation element may rely on
other ablation principles such as e.g. cryoablation. In cry-
oablation, adjacent tissue is cooled down and tumor cells
may be killed by icing.

[0028] As schematically shown in the sequence of
Figs. 2 to 4, the ablation needle 3 may be inserted into
tumorous tissue 27 enclosed by normal healthy tissue
31 such that the ablation element 9 is located approxi-
mately in the center of the tumorous tissue 27. A correct
positioning of the ablation needle 3 may be monitored
e.g. using external imaging means such as ultrasound
imaging or computer tomography. After starting an abla-
tion procedure, the ablation element 9 heats or cools ad-
jacent tissue within an ablation site 31. The ablation vol-
ume 35 including ablated tissue 29 around an ablation
site 33 in which biological cells have been killed due to
excessive heat or icing grows with continuing ablation
progress.

[0029] Conventionally, a surgeon has not been able to
monitor the progress of the ablation, i.e. to monitor wheth-
er the lesion generated during the ablation procedure
has already destroyed the entire tumor or not and wheth-
er healthy tissue is started to be damaged. As the heatl/ic-
ing propagation is difficult to predict because it typically
depends strongly of the morphology of the adjacent tis-
sue and whether for instance blood vessels are present,
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the surgeon had to rely on his experience and frequently
not the entire tumor has been destroyed or, on the other
side, excessive healthy tissue has been damaged during
an ablation procedure.

[0030] Inorderto overcome such deficiencies, the ab-
lation device 1 proposed herein comprises a multiplicity
of sensors 11, 13, 15, 17, 19, 21 arranged along a lon-
gitudinal direction on the elongated body 5 on both sides
of the ablation element 9. Each of the sensors 11-21 may
measure parameter values which may be used to indi-
cate physiological information concerning adjacent tis-
sue 27, 29, 31 such as indicating whether the adjacent
tissue is healthy tissue 31, tumorous tissue 27 or ablated
tissue 29.

[0031] Forthis purpose, the sensors 11-21 may be pro-
vided as optical sensors adapted for measuring a reflect-
ance spectrum of light reflected by the adjacent tissue.
The optical sensor may comprise an optical fiber (not
shown in the figures for clarity reasons). A distal end of
the optical fiber may be arranged at the distal end of the
body 5 thus forming a local sensor 11 - 21. A proximal
end of the optical fiber may be connected to a control
console 23. In the console 23, a light source 37 such as
an LED and a light detector 39 may be provided. Light
coming from the light source 37 may be coupled into the
optical fiber at the proximal end and may propagate to-
wards the distal end where it exits the optical fiber and
may illuminate adjacent tissue. Light that is back-reflect-
ed towards this fiber may then be captured by the fiber
and guided to the detector 39 at the fiber proximal end.
Using such system comprising a light source 37, optical
fiber and a light detector 39, the reflectance spectrum
may be acquired. Particularly, the reflectance spectrum
may be measured in the visible and/or near infrared
range.

[0032] Figs. 5 to 7 show reflectance spectra as they
may be detected by the detector comprised in one of the
sensors 11-21. Such spectra as acquired with reflectance
spectroscopy may have typical characteristics depend-
ing on the type of tissue 27, 29, 31 and in particular of its
physiological properties. For example, the reflectance
spectrum shown in Fig. 5 indicates normal healthy liver
tissue 31. The reflectance spectrum shown in Fig. 6 rep-
resents tumorous liver tissue 27. The reflectance spec-
trum shown in Fig. 7 represents ablated liver tissue 29.
Accordingly, from the measurements provided by the
sensors 11-21 and the reflectance spectra obtained
therewith, physiological information of tissue surrounding
an ablation side 33 may be derived.

[0033] Coming back to Figs. 2 to 4, an ablation control
scheme may be explained. At the beginning of the abla-
tion process, the RF ablation element 9 is provided with
electrical energy which is then transformed to RF energy
heating a volume 35 around the ablation site 33 adjacent
to the ablation element 9. At that point in time, none of
the sensors 11-21 arranged equidistant along the body
5 at both sides of the ablation element 9 detects ablated
tissue 29. The sensors 15, 17 closest to the ablation el-
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ement 9 are lying within the tumor and therefore detect
a reflectance spectrum representing tumorous tissue 27.
The sensors 11, 13, 19, 21 further away from the ablation
element 9 are positioned outside the tumor and therefore
detect a reflectance spectrum indicating normal healthy
tissue 31.

[0034] With progressing ablation process, the volume
35 of the ablation site 33 increases. As shown in Fig. 3,
the ablated volume 35 reaches the innermost sensor 15,
17 after a while but does not yet reach the outer sensors
13, 19. This indicates that the ablation is not sufficient
yet. In Fig. 4, the ablated volume 35 has also reached
the sensors 13, 19. These sensors 13, 19 have originally
detected a reflectance spectrum indicating healthy tissue
31 and now measure a reflectance spectrum indicating
ablated tissue 29. Based on such monitoring result, the
ablation device may detect that the ablated volume 29
covers the entire tumor and that the ablation process may
be stopped. Such information may either be indicated to
a surgeon via a display 25 connected to the console 23
of the interventional ablation device 1 or may be used
internally in the console 23 in order to automatically stop
an energy supply to the ablation element 9 thereby stop-
ping the ablation process.

[0035] Inthe above described embodiment, physiolog-
ical information is acquired along a one-dimensional
cross-section of the tumor using the sensors 11-21 ar-
ranged along the body 5 of the ablation device 1. Since
the tumor may be irregular, i.e. larger in a direction per-
pendicular to the longitudinal direction of the elongated
body 5, it may be advantageous to combine the informa-
tion provided by the ablation device 1 with pre-operative
data acquired prior to the insertion of the ablation device
by using other imaging modalities such as e.g. CT or
MRI. From such pre-operative data, the dimension of the
tumor in various directions may be deduced. The infor-
mation that the tumor is smaller in a direction parallel to
the longitudinal direction of the inserted elongated body
5 than in a direction perpendicular thereto may be used
to correct or adapt the controlling of the ablation proce-
dure. As the dimension of the elongated body 5 and the
position of the sensors 11-21 relative to the ablation el-
ement 9 are known, the size of the tumor along the elon-
gated body 5 may be measured. Using the size perpen-
dicular to the body’s 5 longitudinal direction coming from
the pre-operative data, the ablation process may be suit-
ably controlled and stopped as soon as the ablated vol-
ume 29 has reached a size that is larger than the largest
dimension of the tumor.

[0036] Accordingto afurther embodiment, the ablation
device 1 further comprises animaging device 41 possibly
comprised in the console 23. During an ablation process,
the ablation needle 3 may be rotated about a longitudinal
axis of the body 5. Thereby, although the sensors 11-21
are positioned only along one dimension and each of the
sensors is adapted to acquire a measurement value at
one adjacent point in space only, a two-dimensional im-
aging may be enabled by acquiring a plurality of meas-
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urement values using the sensors when arranged in dif-
ferent orientations. Accordingly, a 2D image containing
physiological information on adjacent tissue may be ac-
quired from measurement values of the rotated sensors
11-21. Using tomographic algorithms such as e.g. those
that have been developed for diffuse optical tomography
(DOT), even three-dimensional imaging may be possible
by acquiring a plurality of 2D images generated at differ-
ent locations of the sensors 11-21.

[0037] Finally, itis to be noted that instead of or addi-
tional to measuring reflectance spectra, the sensors
11-21 may be adapted for measuring other parameters
indicative of physiological information using for example
fluorescence detection, two-photon spectroscopy, Ram-
an spectroscopy, differential path length spectroscopy or
diffuse optical tomography. Furthermore, sensors may
be capable of microscopic sensing like using fiber bundle
approach, scanning optical coherence tomography or
scanning fiber technology. Furthermore, apart from op-
tical sensors, also other sensors like temperature sen-
sors, PH sensors, stiffness sensors or ultrasound trans-
ducers may be arranged along the elongated body 5 of
the ablation device 1 in order to complement the optical
sensors 11-21. The ultrasound technique can be com-
bined with optical methods like photoacoustic detection.
[0038] It should be noted that the term "comprising"
and similar does not exclude other elements or steps and
that the indefinite article "a" does not exclude a plurality
of items. Also elements described in association with dif-
ferent embodiments may be combined. It should be fur-
thermore noted that reference signs in the claims shall
not be construed as limiting the scope of the claims.

List of reference signs:
[0039]

1 Ablation device
3 Ablation needle
5 Elongated body
7 Handle

9 Ablation element
11 Sensor

13  Sensor

15  Sensor

17  Sensor

19  Sensor

21 Sensor

23 Console

25 Display

27  Tumorous tissue
29  Ablated tissue
31 Normal tissue
33  Ablation volume
35  Ablation site

37  light source

39 light detector

41  imaging device
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Claims

An interventional ablation needle usable for an ab-
lation device, the needle (3) comprising an elongated
body (5) having a distal end, an ablation element (9)
arranged in a region close to the distal end of the
body (5) and spaced apart from the distal end, and
at least two optical sensors (11, 13, 15, 17, 19, 21)
arranged on the body (5) adjacent to, and spaced
apart from, the ablation element (9) and at opposing
sides of the ablation element (9) along a line parallel
to the longitudinal axis of the elongated body (5), the
optical sensors being adapted for providing meas-
urement values enabling a detecting of physiological
information of tissue (27, 29, 31) surrounding an ab-
lation site (33).

An interventional ablation device (1), comprising:

an interventional ablation needle (3) according
to claim 1,

wherein the device (1) is adapted for detecting
physiological information of tissue (27, 29, 31)
surrounding an ablation site (33) based on
measurement values provided by the sensors
(11,13, 15,17, 19, 21).

The device of claim 2, wherein the sensors (11, 13,
15, 17, 19, 21) are connected to a light source (37)
and a light detector (39) and wherein the sensors
(11, 13, 15, 17, 19, 21) are adapted for providing
measurement values based on light reflected by the
tissue (27, 29, 31).

The device of claim 2, wherein the device (1) is
adapted for measuring a reflectance spectrum of the
light reflected by the tissue (27, 29, 31).

The device of claim 2, wherein the device (1) is
adapted for at least one of fluorescence detection,
two-photon spectroscopy, Raman spectroscopy, dif-
ferential path length spectroscopy, diffuse optical to-
mography and microscopic sensing.

The device of claim 2, additionally comprising atleast
one of a temperature sensor, a PH-sensor, a stiff-
ness sensor and an ultrasound sensor.

The device of claim 2, wherein the device comprises
a controller console (23) for controlling the ablation
element (9) based on the detected physiological in-
formation.

The device of claim 7, wherein the controller console
(23) is further adapted to control the ablation element
(9) taking into account additional information on tis-
sue atthe ablation site obtained in pre-operative data
acquisition.
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10.

1.

12.

13.

The device of claim 2, wherein the device comprises
an imaging device (41) for acquiring a plurality of
measurement values provided by a sensor in differ-
ent orientations of the sensor and generating a 2D
image from the acquired measurement values.

The device of claim 9, wherein the imaging device
(41) is adapted to generate a 3D image from a plu-
rality of 2D images generated at different locations
of the sensor.

A computer program element enabling, when exe-
cuted on a computer, to control the following proc-
esses during an ablation procedure:

acquiring measurement values provided by a
sensor (11, 13, 15, 17, 19, 21) arranged on an
elongated body (5) of an interventional ablation
needle (3) according to claim 1;

providing physiological information of tissue (27,
29, 31) surrounding an ablation site (33) based
on the acquired measurement values.

The computer program element of claim 11, wherein
the controlled processes further comprises:

- controlling an ablation element (9) provided on
the body (5) based on the physiological informa-
tion.

A computer readable medium with a computer pro-
gram element according to claim 12.

Patentanspriiche

1.

Eingriffsablationsnadel, die fir eine Ablationsvor-
richtung verwendet werden kann, wobei die Nadel
(3) einen verlangerten Kérper (5) mit einem distalen
Ende, einem Ablationselement (9), das in einer Re-
gion nahe dem distalen Ende des Kérpers (5) ange-
ordnet und vom distalen Ende beabstandet ist, und
mindestens zwei optische Sensoren (11, 13, 15, 17,
19, 21) umfasst, die auf dem Korper (5), benachbart
zu und beabstandet von dem Ablationselement (9)
und auf gegeniiberliegenden Seiten des Ablations-
elements (9) entlang einer Linie parallel zur Langs-
achse des verlangerten Kérpers (5) angeordnet
sind, wobei die optischen Sensoren ausgelegt sind,
um Messwerte bereitzustellen, die einen Nachweis
von physiologischer Information von Gewebe (27,
29, 31), das eine Ablationsstelle (33) umgibt, ermdg-
lichen.

Eingriffsablationsvorrichtung (1), umfassend:

eine Eingriffsablationsnadel (3) nach Anspruch 1,
wobei die Vorrichtung (1) ausgelegt ist, um physio-
logische Information von Gewebe (27, 29, 31), das
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eine Ablationsstelle (33) umgibt, nachzuweisen, ba-
sierend auf Messwerten, die von den Sensoren (11,
13, 15, 17, 19, 21) bereitgestellt werden.

Vorrichtung nach Anspruch 2, wobei die Sensoren
(11,13,15,17,19, 21) mit einer Lichtquelle (37) und
einem Lichtdetektor (39) verbunden sind, und wobei
die Sensoren (11, 13, 15,17, 19, 21) ausgelegt sind,
um Messwerte basierend auf Licht, das durch das
Gewebe (27, 29, 31) reflektiert wird, bereitzustellen.

Vorrichtung nach Anspruch 2, wobei die Vorrichtung
(1) ausgelegt ist, um ein Reflexionsspektrum des
Lichts, das vom Gewebe (27, 29, 31) reflektiert wird,
Zu messen.

Vorrichtung nach Anspruch 2, wobei die Vorrichtung
(1) fir mindestens eines von Fluoreszenznachweis,
Zweiphotonenspektroskopie, Raman-Spektrosko-
pie, Differenzweglédngenspektroskopie, diffuser op-
tischer Tomographie und Mikroskopmessen ausge-
legt ist.

Vorrichtung nach Anspruch 2, zusétzlich umfassend
mindestens eines von einem Temperatursensor, ei-
nem PH-Sensor, einem Steifigkeitssensor und ei-
nem Ultraschallsensor.

Vorrichtung nach Anspruch 2, wobei die Vorrichtung
eine Steuerkonsole (23) umfasst, um das Ablations-
element (9) basierend auf der nachgewiesenen phy-
siologischen Information zu steuern.

Vorrichtung nach Anspruch 7, wobei die Steuerkon-
sole (23) weiter ausgelegt ist, um das Ablationsele-
ment (9) unter Berlicksichtigung von zuséatzlicher In-
formation Uber Gewebe an der Ablationsstelle, er-
halten bei der praoperativen Datenerfassung, zu
steuern.

Vorrichtung nach Anspruch 2, wobei die Vorrichtung
eine Bildgebungsvorrichtung (41) umfasst, um eine
Vielzahl von Messwerten zu erfassen, die von einem
Sensor in verschiedenen Ausrichtungen des Sen-
sors bereitgestellt werden, und ein 2D-Bild aus den
erfassten Messwerten zu erzeugen.

Vorrichtung nach Anspruch 9, wobei die Bildge-
bungsvorrichtung (41) ausgelegt ist, um ein 3D-Bild
aus einer Vielzahl von 2D-Bildern zu erzeugen, die
an verschiedenen Stellen des Sensors erzeugt wur-
den.

Computerprogrammelement, das, wenn es auf ei-
nem Computer ausgefiihrt wird, ermdglicht, die fol-
genden Prozesse wahrend eines Ablationsverfah-
rens zu steuern:

10

15

20

25

30

35

40

45

50

55

Erfassen von Messwerten, die von einem Sen-
sor(11,13,15,17,19, 21) bereitgestellt werden,
der auf einem verlangerten Korper (5) einer Ein-
griffsablationsnadel (3) nach Anspruch 1 ange-
ordnet ist;

Bereitstellen von physiologischer Information
von Gewebe (27, 29, 31), das eine Ablations-
stelle (33) umgibt, basierend auf den erfassten
Messwerten.

12. Computerprogrammelement nach Anspruch 11, wo-
bei die gesteuerten Prozesse weiter Folgendes um-
fassen:

- Steuern eines Ablationselements (9), das auf
dem Korper (5) bereitgestellt ist, basierend auf
der physiologischen Information.

13. Computerlesbares Medium miteinem Computerpro-
grammelement nach Anspruch 12.

Revendications

1. Aiguille d’ablation chirurgicale pouvant étre utilisée
pour un dispositif d’ablation, I'aiguille (3) comprenant
un corps allongé (5) ayant une extrémité distale, un
élément d’ablation (9) disposé dans une région pro-
che de I'extrémité distale du corps (5) et espacée de
I'extrémité distale, et au moins deux capteurs opti-
ques (11, 13, 15, 17, 19, 21) disposés sur le corps
(5) adjacents a, et espacés de, I'élément d’ablation
(9) et sur des cotés opposeés de I'élément d’ablation
(9) le long d’une ligne paralléle a I'axe longitudinal
du corps allongé (5), les capteurs optiques étant
adaptés a fournir des valeurs de mesure permettant
une détection d’'informations physiologiques du tissu
(27, 29, 31) entourant un site d’ablation (33).

2. Dispositif d’ablation chirurgical (1), comprenant :

- une aiguille d’ablation chirurgicale (3) selon la
revendication 1,

- dans lequel le dispositif (1) est adapté a détec-
ter des informations physiologiques du tissu (27,
29, 31) entourant un site d’ablation (33) basé
surdes valeurs de mesures fournies par les cap-
teurs (11, 13, 15, 17, 19, 21).

3. Dispositif selon la revendication 2, dans lequel les
capteurs (11, 13, 15, 17, 19, 21) sont reliés a une
source de lumiére (37) et un détecteur de lumiére
(39) et dans lequel les capteurs (11, 13, 15, 17, 19,
21) sont adaptés a fournir des valeurs de mesure
sur la base de la lumiére réfléchie par le tissu (27,
29, 31).

4. Dispositifselonlarevendication 2, dans lequel le dis-



10.

11.

12.

13 EP 2 538 863 B1 14

positif (1) est adapté a mesurer un spectre de réflec-
tance de la lumiere réfléchie par le tissu (27, 29, 31).

Dispositif selon larevendication 2, dans lequel le dis-
positif (1) est adapté pour au moins I'une de la dé-
tection de fluorescence, de la spectroscopie a deux
photons, de la spectroscopie Raman, de la spectros-
copie de longueur de trajet différentielle, de la tomo-
graphie optique diffuse et de la détection microsco-

pique.

Dispositif selon la revendication 2, comprenant en
outre au moins 'un d’'un capteur de température,
d’un capteur de pH, d'un capteur de rigidité et d’'un
capteur a ultrasons.

Dispositif selon larevendication 2, dans lequel le dis-
positif comprend une console de dispositif de com-
mande (23) pour commander I'élément d’ablation (9)
sur la base des informations physiologiques détec-
tées.

Dispositif selon la revendication 7, dans lequel la
console de dispositif de commande (23) est en outre
adaptée a commander I'élément d’ablation (9) en
prenant en considération des informations supplé-
mentaires sur le tissu au niveau du site d’ablation
obtenues dans I'acquisition de données avant 'opé-
ration.

Dispositif selon larevendication 2, dans lequel le dis-
positif comprend un dispositif d’imagerie (41) pour
acquérir une pluralité de valeurs de mesure fournies
par un capteur dans différentes orientations du cap-
teur et générer une image 2D a partir des valeurs de
mesure acquises.

Dispositif selon larevendication 9, dans lequel le dis-
positif d'imagerie (41) est adapté a générer une ima-
ge 3D a partir d’'une pluralité d'images 2D générées
a différents emplacements du capteur.

Elément de programme informatique permettant,
lorsqu’il est exécuté sur un ordinateur, de comman-
der les processus suivants durant une procédure
d’ablation :

- acquisition de valeurs de mesure fournie par
un capteur (11, 13, 15, 17, 19, 21) disposé sur
un corps allongé (5) d’une aiguille d’ablation chi-
rurgicale (3) selon la revendication 1 ;
-fourniture d’'informations physiologiques du tis-
su (27, 29, 31) entourant un site d’ablation (33)
sur la base des valeurs de mesure acquises.

Elément de programme informatique 11, dans lequel
les processus commandés comprennent en outre :

)]
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-lacommande d’'un élément d’ablation (9) fourni
surle corps (5) sur la base des informations phy-
siologiques.

13. Support lisible par ordinateur avec un élément de

programme informatique selon la revendication 12.
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