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(57) ABSTRACT

The present invention relates to a system (100) for combined
ablation and ultrasound imaging of associated tissue (40),
which is particularly useful for use in an ablation process. The
system comprises an interventional device (20) with an ultra-
souond transducer and an ablation unit. During an ablation
process, the interventional device (20) can be applied for both
ablation and imaging of the tissue (40) subject to the ablation.
A controlling unit (CTRL) is further comprised within the
system, and arranged to calculate a predictor value based on
one or more signals from the ultrasound transducer, where the
predictor value relates to a risk of impending tissue damage
due to a rapid release of bubble energy. According to a spe-
cific embodiment, a primary signal is sent if the predictor
value exceeds a threshold value, so that proper measures can
be taken.
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COMBINED ABLATION AND ULTRASOUND
IMAGING

FIELD OF THE INVENTION

[0001] The present invention relates to the field of interven-
tional devices and control units, and more specifically to a
system and method for combined ablation and ultrasound
imaging.

BACKGROUND OF THE INVENTION

[0002] Ablation, such as ablation using a catheter, is a mini-
mally invasive procedure. In this procedure, cardiac tissue is
locally affected in order to block undesired conduction path-
ways. This can be achieved by hyperthermia using e.g. radio
frequency (RF) as energy source. Upon energy delivery, a
lesion starts to grow through the depth of the tissue wall,
which becomes non-conducting scar tissue. Electrophysiolo-
gists aim to create lesions that run completely through the
tissue wall (i.e. transmural) and are permanent (i.e. coagu-
lated tissue, no recovery possible).

[0003] Tissue ablation is not without risk. One or more
bubbles may form in the tissue during ablation, and rapid
release of bubble energy can be induced.

[0004] If the tissue temperature rises rapidly, intramural
evaporation may occur and a gas bubble may develop within
the tissue under the electrode. Continuous application of RF
energy will cause the bubble to expand and its pressure to
increase, which may lead to eruption of the gas bubble
through the weakest path, leaving behind a gaping hole. The
release of the gas bubble is associated with a popping sound
and, likely, with tearing of cardiac tissue.

[0005] Inthe following, suchrapidrelease of bubble energy
is referred to as a so-called “pop” or a “tissue pop”. This is
associated with severe complications, such as tamponades in
case of cardiac ablation, and clinicians try to avoid formation
of such pops.

[0006] The reference ‘Detection of microbubble formation
during radiofrequency ablation using phonocardiography’,
published in Europace (2006), 8, 333-335, discloses that
characteristic acoustic signatures are present before pops and
correspond to microbubble (MB) formation. However, the
ability to record acoustic sounds of MB formation in vivo is
not known and may be complicated by respiratory, cardiac,
and muscle artefacts.

[0007] Hence, there is the need for a solution that over-
comes the aforementioned disadvantages and provides a safer
ablation process; this would prevent injury during ablation
procedures.

SUMMARY OF THE INVENTION

[0008] The present invention preferably seeks to alleviate
or eliminate the above-mentioned disadvantages of during an
ablation process. In particular, it may be seen as an object of
the present invention to provide a system for ablation and
ultrasound imaging which is able to calculate a predictor
value, where the predictor value relates to a risk of impending
tissue damage due to a rapid release of bubble energy.
[0009] It is a further object of the present invention to
provide an alternative to the prior art.

[0010] Thus, the above described object and several other
objects are intended to be obtained in a first aspect of the
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invention by providing a system for combined ablation and
ultrasound imaging of associated tissue, the system compris-
ing:
[0011] an interventional device, the interventional device
comprising,
[0012] an ultrasound transducer, and
[0013] an ablation unit, and
[0014] a controlling unit being operably connected to the
interventional device, the controlling unit being arranged to
[0015] send acontrol signal to the ultrasound transducer,
[0016] receive a response signal from the ultrasound
transducer, the response signal being indicative of the
presence of one or more bubbles within said associated
tissue, and
[0017] calculate a predictor value, where the predictor
value relates to a risk of'an impending tissue damage due
to a rapid release of a bubble energy.
[0018] The invention is particularly, but not exclusively,
advantageous for obtaining a safer ablation process. Electro-
physiologists have indicated that it is extremely valuable to
predict so-called “pops™ or “tissue pops”. Ablation may
induce formation of one or more bubbles in the tissue during
ablation, and this may lead to potentially harmful and rapid
release of bubble energy. In the following, such rapid release
of’bubble energy is referred to as a so-called “pop” or a “tissue
pop”. A prediction of an impending pop, or a knowledge of a
risk of an impending tissue damage due to a rapid release of
abubble energy, may allow relevant parameters to be properly
regulated in order to prevent the pop. It is expected that this
would significantly increase the safety of ablation proce-
dures. Another advantage might be that the invention devises
an integrated and miniaturized device which enables safe
ablation.
[0019] Previously, acoustic signatures relating to bubbles
were measured, however, these acoustic signatures related to
bubbles that were formed at the interface between electrode
and tissue, which is imaged by Intra Cardiac Echography
(ICE). Gas formation at the interface can be caused by local
heating of the fluid around the tip electrode, and does not
necessarily relate to gas formation within the tissue. More-
over, the ability to record acoustic sounds of microbubble
formation at this interface may be complicated in a closed-
chest procedure and may require the integration of a bulky
microphone in a catheter.
[0020] The ultrasound transducer in the interventional
device of the present invention is preferably applied for moni-
toring or imaging the local cardiac tissue, the ablation process
in said cardiac tissue or parameters related, directly or indi-
rectly, to the ablation process. For example, the formation of
microbubbles within the associated tissue might be moni-
tored.
[0021] TItis contemplated that the invention according to the
1%* aspect may alternatively be implemented not using the
indication of one or more bubbles within the associated tis-
sue, but other characteristics in tissue. Such other parameters
might include the local expansion of the associated tissue.
[0022] Inthecontextofthe present invention, monitoring is
to be construed broadly. It includes both 1D monitoring, i.e.
detecting reflected intensities along the line of sight as well as
2D imaging where an array of transducers are applied to
generate a 2D image as well as time resolved imaging (so-
called ultrasound “M-mode” imaging). In principle also 3D
imaging may be obtained. In interventional device based
monitoring, such as catheter based monitoring, it is presently
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normal to use (time resolved) 1D or 2D monitoring due to
space constraints in the distal end region, i.e. in the tip region.
[0023] As used herein, the term “ablation” refers to any
kind of suitable ablation within the teaching and general
principle of the present invention. Thus, it could be radio
frequency (RF) based (incl. microwave), optically based
(e.g., an optical emitter, such as a laser, such as a laser emit-
ting wavelengths in the infrared, visible or ultraviolet range),
a heating element, such as a hot water balloon, or ultrasound-
based ablation such as high intensity focused ultrasound
(HIFU).

[0024] In the context of the present application, the term
“ablation unit” refers to an optical emitter, such as a laser in
case of optical-based ablation, an electrode (or other suitable
RF emitting devices) in case of RF- and microwave-based
ablation and to an ultrasound transducer, such as a high inten-
sity focused ultrasound (HIFU) transducer, in case of ultra-
sound based ablation.

[0025] Itisunderstood that the interventional device might
be a unit wherein the ablation unit and the ultrasound trans-
ducer are integrated, however, it might also be embodied as an
interventional device where the ablation unit and the ultra-
sound transducer are separate units. The interventional device
might comprise a catheter, a needle, a biopsy needle,
guidewire, sheath, or an endoscope.

[0026] The ultrasonic signal might be a pulsed-echo signal.
The pulsed-echo technique is defined as sending a short ultra-
sound pulse by a low-Q transducer into a medium, and receiv-
ing the reflections back at the transducer from irregularities in
the medium (due to change of acoustical impedance). The
transit time from the initial pulse transmission to reception of
the echo is proportional to the depth at which the irregularities
are found.

[0027] The controlling unit may be any unit capable of
sending an output signal, such as a control signal to the
ultrasound transducer, and capable of receiving an input sig-
nal, such as a response signal from the ultrasound transducer,
and further capable of calculating a value, such as a predictor
value. The controlling unit can be implemented by means of
hardware, such as electronic components such as transistors,
operational amplifiers and similar components. It may, how-
ever, also be implanted as software, firmware or any combi-
nation of these, running on a processor.

[0028] The predictor value is understood to be a value rep-
resentative of arisk of impending tissue damage due to a rapid
release of a bubble energy. The predictor value may be a
probability of impending tissue damage due to a rapid release
of a bubble energy, but it may also be a parameter, such as a
measurable parameter, such as a number of bubbles, such as
avolume of bubbles, such as a rate of change of the number of
bubbles, which may be relevant for calculating the risk of
impending tissue damage due to a rapid release of a bubble
energy.

[0029] In another embodiment, the controlling unit is fur-
ther arranged to send a primary signal (RS) if the predictor
value exceeds a threshold value (TV).

[0030] The threshold may be a number set by a user or
automatically set by an apparatus, for use in comparison with
the predictor value. The threshold may vary, or may be con-
stant. In some embodiments of the invention it may always be
held at a value which is always exceeded by the predictor
value.

[0031] The primary signal is a signal which is sent from the
controlling unit, and may be an analogue signal, such as a
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voltage or a digital signal. It may also be other forms of
signals, such as an acoustic signal, such as an audible signal.
It may also be an optical signal such as a visible signal. The
primary signal may have a constant value or it may be varied.
[0032] An advantage of sending a primary signal if the
predictor value exceeds a threshold value (TV), might be that
the primary signal can be received by another unit, such as an
alarm unit, such as a loudspeaker or a lamp, such as a flash-
light. Alternatively, the primary signal can be read of by
personnel carrying out or monitoring the ablation, whom
might be able to adjust parameters related to the ablation in a
proper manner.

[0033] According to yet another embodiment of the inven-
tion, the primary signal (RS) is arranged to regulate a param-
eter related to the ablation.

[0034] An advantage of this embodiment might be, that the
primary signal can be received by another unit, such as any
other unit controlling parameters relevant for ablation, may
be any other unit controlling any one of the ablation unit,
irrigation flow, a contact force applied between the interven-
tional device and the associated tissue, and a position of the
ablation unit, and that this other unit can be adjusted in a
proper manner.

[0035] According to a further embodiment of the invention,
the threshold value is a function of any one of: ablation power
(which is understood to be a power emitted from the ablation
unit in order to dissipate power in the associated tissue), the
previous history of the response signal, a measured contact
force between the interventional device and the associated
tissue, an electrical impedance of the associated tissue, a
structure of the associated tissue, a duration of the ablation,
the ability of the associated tissue to exchange heat with the
surroundings, a temperature of the associated tissue, the tem-
perature of the ablation electrode and the irrigation flow rate
at the electrode tip.

[0036] An advantage of having the threshold value being a
function of other parameters is that the threshold can then be
adjusted in order to have an optimal value. In an exemplary
embodiment, the threshold value is adjusted in response to a
previous development of the formation of bubbles in the
tissue so that a rapid change in the formation of bubbles
within the tissue might entail a relatively low threshold,
whereas a slow development of the formation of bubbles
might entail a higher threshold. The ability of the associated
tissue to exchange heat with the surroundings might be
affected by various factors, e.g., the tissue might have a larger
or smaller surface area through which heat can be exchanged
with the surroundings, and the surroundings may be more or
less heat conductive.

[0037] In another embodiment, the controlling unit is
arranged to vary the primary signal depending on the value of
the predictor value.

[0038] Inasimpleexample the ablation unit, such as an RF
generator that is used in many ablation procedures, can be
installed such that it automatically switches off in case it
receives a primary signal. In this case, the primary signal can
be constant or varying depending on the predictor value.
However, in other examples, it is advantageous to instead
vary other relevant parameters, such as the energy dissipated
in the tissue during ablation, so as to sustain the ablation
process. An advantage of this might be that it enables a more
controlled and optimized ablation process. Another advan-
tage might be that the ablation process can be adjusted so as
to apply sufficient energy to create transmural lesions while
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maintaining a controlled, low risk of tissue pops. There is a
delicate balance for the ablation settings to be used in terms of
ablation power, duration, irrigation flow, such that a transmu-
ral lesion is created without pop formation. These settings
may differ for the different anatomical positions (e.g. related
to blood flow and wall thickness) and may depend on the
contact force.

[0039] In yet another embodiment, the controlling unit is
arranged to form part of a feedback circuit. This is advanta-
geous in order to realize an ablation process which may be
automated, easily controlled and/or optimized.

[0040] In a further embodiment, the ultrasound transducer
is disposed behind or in an irrigation hole of the interventional
device, so as to allow an irrigation fluid to flow out of the
irrigation hole, and so as to allow transmitting and/or receiv-
ing an ultrasonic signal through the irrigation hole.

[0041] It may be seen as an advantage that by placing the
ultrasound transducer behind or in the irrigation hole there is
no need for an acoustically transparent window. The benefit is
a better signal-to-noise ratio and an increased dynamical
range due to the elimination of reflection and attenuation
caused by the acoustical window. Specifically, the second-
order and higher-order reflections from the acoustic window
(so-called ultrasonic reverberations) are completely avoided.
This is a major improvement that permits to avoid substantial
post-processing due to the fact that these reverberations usu-
ally show up overlapping the relevant cardiac structures in the
ultrasound data.

[0042] In the context of the present application, the term
“in” refers to the displacement of the ultrasound transducer
within the irrigation hole itself, whereas the term “behind”
refers to any position inside the distal tip which is not within
the irrigation hole and which permits to the ultrasonic signals
generated from the ultrasound transducer to flow through the
irrigation hole undisturbed or with minimal interference from
the distal tip. In particular, this may also imply that the ultra-
sound transducer may be able to direct its ultrasonic signals
towards the irrigation hole from any displacement.

[0043] In astill further embodiment, the at least one ultra-
sound transducer is arranged for emitting ultrasonic signals
having a frequency sufficiently high in order to detect one or
more bubbles in the associated tissue. The axial resolution
corresponds to the ability to resolve reflecting boundaries
closely spaced in the axial direction of the transducer. Axial
resolution is [Qc/4f, where Q is quality factor, ¢ is speed of
sound in medium, and f'is frequency of resonance. Since low
Q is associated with reduction of acoustic output power, it
cannot be lowered too much. Anyway, for pulsed echo imag-
ing the Q of the transducers is kept low. The other parameter
to improve axial resolution is the frequency. The gain by
increasing the frequency is much more important for improv-
ing axial resolution than further reducing the Q factor. There
is a trade-off between penetration depth, axial resolution and
quality factor of the transducer. In one embodiment, the fre-
quency is above 10 MHz. An advantage of choosing the
frequency according to this embodiment might be that it is
better for enabling the response to be able to be indicative of
the creation of one or more bubbles, such as one or more small
bubbles. In another embodiment, the frequency is above 20
MHz, such as within 20-25 MHz. This just covers the thick-
ness of the heart wall no matter of position, and gives suffi-
ciently good axial resolution.
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[0044] Inanother embodiment, the ablation unit comprises
any one of a heating element, a radio frequency electrode, an
ultrasound transducer, and a laser.

[0045] In yet another embodiment, the system comprising
any one of the following devices: an electrode capable of
serving as an electrode for measuring electrical impedance, a
force sensor capable of measuring a contact force applied
between the interventional device and the associated tissue, a
temperature sensor and a localization sensor.

[0046] A possible advantage of having such a device com-
prised within the system is that it enables the measurement of
parameters which can be advantageous to monitor and/or
control, such as parameters servings as input parameter or
output parameter in a feedback circuit, according to an
embodiment of the present invention. The temperature sensor
may be any type of thermometer, including contact thermom-
eters or non-contact thermometers, such as thermometers
based on detection of infrared radiation.

[0047] In another embodiment, the primary signal is con-
trolling or at least having an influence on any one of the
following entities: the ablation unit, irrigation flow, a contact
force applied between the interventional device and the asso-
ciated tissue, and a position of the ablation unit.

[0048] A possible advantage of having such entities con-
trolled by the controlling unit is that it enables the measure-
ment of parameters which can be advantageous to control or
regulate, such as entities which are relevant parameters in
controlling the ablation process.

[0049] According to a second aspect of the invention, there
is presented a method for assessing a risk of impending tissue
damage due to a rapid release of bubble energy, the method
comprising the steps of

[0050] emitting a primary ultrasonic signal into a tissue,
and

[0051] receiving a secondary ultrasonic signal from within
the tissue, and

[0052] determining if one or more bubbles are formed
within the tissue, based upon information derived from the
secondary ultrasonic signal, and

[0053] sending the information derived from the secondary
ultrasonic signal to a processor, and

[0054] calculating a predictor value based on information
derived from the secondary ultrasonic signal, where the pre-
dictor value relates to a risk of impending tissue damage due
to a rapid release of bubble energy.

[0055] This aspect of the invention is particularly, but not
exclusively, advantageous in that the method according to the
present invention may be implemented into available equip-
ment. Furthermore, the method may be implemented into an
automated process. Furthermore, as the method yields a pre-
dictor value, it provides a basis for decisions regarding the
ablation process.

[0056] It is understood, that the step of emitting a primary
ultrasonic signal, such as an ultrasonic wave, into a tissue may
be carried out using an ultrasound transducer, and similarly
the step of receiving a secondary ultrasonic signal, such as an
ultrasonic wave, from within the tissue, such as reflected by
the tissue, may be carried out using an ultrasonic transducer.
[0057] In another embodiment according to the invention,
the method further comprises the step of outputting a primary
signal based upon the predictor value.

[0058] This enables the predictor value to be used quanti-
tatively, such as in a feedback system.
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[0059] According to a third aspect of the invention, the
invention relates to use of a system for combined ablation and
ultrasound imaging of associated tissue according to the first
aspect of the invention, for controlling an ablation process.

[0060] According to a fourth aspect of the invention, there
is presented a computer program product being adapted to
enable a computer system comprising at least one computer
having data storage means associated therewith to operate a
processor arranged for

[0061] receiving information derived from a secondary
ultrasonic signal, and

[0062] calculating a predictor value based on information
derived from the secondary ultrasonic signal, where the pre-
dictor value relates to a risk of impending tissue damage due
to a rapid release of bubble energy.

[0063] Such computer program product could, for
example, comprise a processor running an algorithm where
input parameters could comprise parameters related to bubble
formation, as well as other parameters, such as ablation
power, the previous history of the response signal, a measured
contact force between the interventional device and the asso-
ciated tissue, an electrical impedance of the associated tissue,
a structure of the associated tissue, a duration of the ablation,
the ability of the associated tissue to exchange heat with the
surroundings, a temperature of the associated tissue, and
where the output parameters could include a primary signal,
such as a primary signal controlling any one of: the ablation
unit, such as ablation power, irrigation flow, a contact force
applied between the interventional device and the associated
tissue, a position of the ablation unit.

[0064] Inone embodiment, the secondary ultrasonic signal
is a pulse-echo ultrasonic signal.

[0065] The first, second, third and fourth aspect of the
present invention may each be combined with any of the other
aspects. These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ments described hereinafter.

BRIEF DESCRIPTION OF THE FIGURES

[0066] The system and method for ablation and ultrasound
imaging according to the invention will now be described in
more detail with regard to the accompanying figures. The
figures show one way of implementing the present invention
and is not to be construed as being limiting to other possible
embodiments falling within the scope of the attached claim
set.

[0067] FIG. 1 shows a system for ablation and ultrasound
imaging according to an embodiment of the invention,
[0068] FIG. 2 shows an interventional device according to
an embodiment of the invention,

[0069] FIG. 3 shows a perspective view of a catheter
according to an embodiment of the invention,

[0070] FIG. 4 shows experimental data from an open-chest
sheep model according to an embodiment of the invention,
[0071] FIG. 5 shows a schematic drawing of a system
according to an embodiment of the invention,

[0072] FIG. 6 shows another schematic drawing of a sys-
tem according to an embodiment of the invention,

[0073] FIG. 7 is a flow-chart of a method according to an
aspect of the invention, and
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[0074] FIG. 8 shows a diagrammatic depiction of a control-
ling unit according to an embodiment of the invention.

DETAILED DESCRIPTION OF AN
EMBODIMENT

[0075] Embodiments of the present invention are disclosed
in the following.

[0076] FIG. 1 shows a general system 100 for performing
ablation, the system comprising a controllable energy source
for providing energy to the ablation unit and/or the ultrasonic
transducer (neither shown in this figure). Additionally, a
sample arm 30 is coupled to the energy source, the sample
arm having at its distal end an interventional device 20
according to an embodiment of the present invention. The
interventional device may include any one of the non-exhaus-
tive list comprising a catheter, a needle, a biopsy needle or an
endoscope. It is also contemplated that a plurality of ultra-
sound transducers could be comprised within the interven-
tional device, and some ultrasound transducers could be only
emitting whereas other transducers could be only receiving.
The system 100 further comprises a controlling unit (CTRL),
that is in some embodiments arranged to send a primary
signal 110 if a predictor value exceeds a threshold value.
[0077] The invention might be used in tissue imaging dur-
ing use, for example in connection with heart arrhythmias or
in oncology, where it is advantageous to assess a risk of
impending tissue damage due to a rapid release of bubble
energy and thus form a basis for deciding how to operate the
ablation unit. Particularly, the invention may assist in opti-
mizing the ablation process, e.g., by forming part of a feed-
back circuit ensuring optimal conditions during ablation. The
condition during ablation may be a function of a number of
parameters including ablation power, temperature, an irriga-
tion flow, contact force between the interventional device and
the associated tissue, and the position of the ablation unit with
respect to the tissue which is subject to the ablation.

[0078] FIG. 2 shows a schematic, cross-sectional drawing
of an interventional device 20, in the particular figure, the
interventional device is a catheter adapted for open-loop irri-
gated ablation of a tissue 40. However, it is to be understood
that the interventional device also could also be other types of
interventional devices, such as a needle or the like. The cath-
eter 20 is adapted for open-loop irrigated ablation, e.g. RF
ablation, of a tissue 40, the catheter 20 having a distal tip 22,
i.e. the right-hand part of the shown catheter embraced by the
bracket, where the distal tip comprises an ablation entity 15
adapted for performing ablation of the tissue 40. Note that
although in FIG. 2 the ablation entity is depicted as covering
only the right side of the catheter, it may also cover other of
the catheter’s sides. The radiation for performing ablation is
schematically shown by dotted arrow A1. The required wiring
for energizing and/or controlling the ablation entity is not
shown in this figure for clarity. In addition, an irrigation hole
21 is provided. The irrigation fluid is flowing out of a dedi-
cated irrigation fluid conduct 10, e.g. a flexible tube, as indi-
cated schematically by solid arrow A3. The irrigation fluid is
functioning as an acoustic coupling medium, which may be
defined as a medium substantially transparent to ultrasonic
signals, such as a saline solution or water or other similar
liquids available to the skilled person implementing this
embodiment of the invention.

[0079] Further, an ultrasound transducer 5 is positioned in
the distal tip, the transducer being adapted for transmitting
and/or receiving ultrasonic signals as schematically indicated
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by double-headed dotted arrow A2 in FIG. 2. According to an
embodiment of the invention, the ultrasound transducer is
disposed behind (as in this figure) or in the irrigation hole 21
of the catheter 20, so as to allow an irrigation fluid A3 to flow
out of the irrigation hole, and so as to allow transmitting
and/or receiving the ultrasonic signals through the same irri-
gation hole 21.

[0080] Advantageously, the catheter 20 may be used for
open-loop irrigated radio frequency (RF) ablation.

[0081] In particular embodiments, the catheter may be a
catheter with a platinum ring electrode or a catheter with an
acoustically transparent foil, such as a Polymethylpentene
(TPX) foil, such as a Polymethylpentene (TPX) foil coated
with a metal layer for ablation. The acoustically transparent
window has to mediate the contact between the catheter and
the tissue, and the outside of it should be coated with a very
thin (e.g. 150 nm) of conductive layer, in order to allow RF
ablation. The acoustically transparent window therefore
should have significantly similar acoustic impedance com-
pared with the irrigation fluid (which is mediating the contact
between the ultrasound transducer and the inner face of the
acoustic window), and similar acoustic impedance as the
blood or tissue that is encountered by the outside of the
acoustic window in order to avoid acoustic power loss due to
reflection from the interfaces. We identified materials that
would be appropriate for this purpose, including Polymeth-
ylpentene (TPX) Z=1.73 [MRayls] and Pebax 4033 Z=1.67
[MRayls] or 5533 7Z=1.75 [MRayls]. Blood has Z=1.68
[MRayls].

[0082] FIG. 3 shows a perspective view of a catheter 20
suitable for use as an interventional device according to an
embodiment of the present invention. The tip 22 of the cath-
eter is mounted on a flexible tube 52 for easy manipulation
through the human body. Additional ring shaped electrodes
51 on the tube can measure properties like resistance and
temperature. The tube 52 will contain the needed wires for
addressing the transducers and will supply the irrigation liq-
uid.

[0083] FIG. 4 shows experimental data from an open-chest
sheep model. Radio frequency energy was delivered epicar-
dially to create lesions that were simultaneously monitored
with ultrasound and electrical impedance change. Tissue
pops were deliberately induced and US data was compared
with impedance data. The presence of pops was indepen-
dently signaled by the physician that performed the ablation
and who had no access to the US or impedance data. In
clinical practice, loud pops are audible even through the chest
of the patient, such as the chest of a sheep. The figure shows
the data obtained with a set of ultrasound measurements and
corresponding impedance measurements of an epicardial
ablation with an integrated ring catheter. The ultrasound mea-
surements re visualized in a so-called M-mode image M. The
graph G depicted shows a temporal development of the elec-
trical impedance during the ablation process. The time t is
shown on the bottom axis, and the graph G and the M-mode
image M share this time axis. The RF energy dissipated per
time interval is 9 watt during the 20 second period denoted by
t_a. The tissue depth in the M-mode image M is denoted by
d_t. The absolute scale of the M-mode image is indicated by
the scale bar denoted by d1, the scale bar corresponds to 1
millimeter. The vertical axis R in the graph G corresponds to
electrical impedance measured in Ohm. Electrical impedance
is measured between the ablation electrode and a ground
electrode, which is at the back of the subject being investi-
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gated, such as on the back of a person or an animal, so the
electrical impedance is measured across the tissue. Typically,
the electrical impedance measured at the catheter tip
increases in case of pops. The solid line denoted p_i indicates
the incidence of a tissue pop, the dashed line denoted d o
indicate the onset of changes in ultrasound that precede the
pops. The figure shows that changes in the ultrasound mea-
surements before tissue pops preceded changes in impedance
by several seconds. From the ultrasound M-mode image
recorded during the ablation procedure, the change of ultra-
sound signal could be associated with bubble formation,
before the physician signaled the pop.

[0084] FIG. 5 shows a schematic drawing of a system
according to an embodiment of the invention, comprising an
ultrasound transducer 505, an ablation unit 516, a controlling
unit (CTRL). Furthermore is shown an associated tissue 540.
In the figure, the controlling unit sends and receives respec-
tively a control signal (CoS) and a response signal (ReS) to
and from the ultrasound transducer 505, the response signal
being indicative of the presence of one or more bubbles within
said associated tissue. The controlling unit calculates a pre-
dictor value, where the predictor value relates to a risk of
impending tissue damage due to a rapid release of bubble
energy, and sends a primary signal (RS) if the predictor value
exceeds a threshold value. In the shown embodiment, the
primary signal (RS) is sent to the ablation unit 516. In such
embodiment, the primary signal (RS) might thus serve to
decrease an ablation power, in order to decrease a risk of
impending tissue damage due to a rapid release of bubble
energy.

[0085] FIG. 6 shows another schematic drawing of a sys-
tem according to an embodiment of the invention, similar to
the embodiment shown in FIG. 5, except that the primary
signal is sent to another entity than the ablation unit. This
other entity may be any entity, in particular it may be any
entity controlling irrigation flow, a contact force applied
between the interventional device and the associated tissue, a
position of the ablation unit.

[0086] FIG. 7 is a flow chart of a method for performing
ablation according to an aspect of the present invention. Such
a method comprises the steps of:

[0087] emitting S1 a primary ultrasonic signal into a tissue,
and
[0088] receiving S2 a secondary ultrasonic signal from

within the tissue, and

[0089] determining S3 if one or more bubbles are formed
within the tissue, based upon information derived from the
secondary ultrasonic signal, and

[0090] sending S4 the information derived from the sec-
ondary ultrasonic signal to a processor, and

[0091] calculating S5 a predictor value based on informa-
tion derived from the secondary ultrasonic signal, where the
predictor value relates to a risk of impending tissue damage
due to a rapid release of bubble energy.

[0092] Thesteps S2 and S5 are carried out using the insight,
that generally the tissue pop is preceded by a sudden intensity
increase from the ultrasound image. In particular embodi-
ments, image analysis based on different features might be
applied to one or more images based on the ultrasound mea-
surements in order to identify a relevant intensity increase,
including

[0093] check if a sudden significant gradient exists in the
correlation map. This change should be consistent within a
certain depth range (therefore different from noises), or
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[0094] monitor the histogram of one or more current lines
in an M-mode image (also known as A-lines), check ifthere is
a significant change in the graylevel distribution as compared
to the previous A-line(s). Various distance metrics can be
applied to compare the histograms such as correlation, Chi-
Square, Bhattacharyya distance, etc. This approach might be
varied so as to include that

[0095] the histogram (distribution) doesn’t have to be
performed over the whole A-line. The A-line can be
segmented into small segments and the histograms of
these small segments can be checked.

[0096] as an alternative to the direct comparison of dis-
tributions, the mean, variance or higher order moments
can be used to check the difference in histograms, or

[0097] statistical features for texture characterization, such
as entropy or texture parameter estimated from autoregres-
sive models. These features can be used as alternatives for
detecting the texture change when the tissue pop happens.
[0098] Along a single A-line, there is little variation in
intensity (or intensity distribution) along the depth.

[0099] FIG. 8 shows a diagrammatic depiction of a control-
ling unit (CTRL) according to an embodiment of the inven-
tion, wherein the controlling unit (CTRL) sends a control
signal (CoS), such as a control signal for controlling an ultra-
sound transducer (not shown), and receives a response signal
(ReS), such as a signal received from an ultrasound trans-
ducer, such as a signal representative of the a measured ultra-
sonic signal incident on the ultrasound transducer. In the
shown embodiment, the controlling unit (CTRL) also
receives an extra signal (XS) which may be any of a number
of signals, such as a signal representative of a temperature, a
flow of irrigation, or a contact force between the interven-
tional device and a tissue. The controlling unit (CTRL) in this
embodiment uses a first calculating unit (C1) and a second
calculating unit (C2), which both receive both the response
signal (ReS) and the extra signal (XS) to calculate respec-
tively a predictor value (PV) and a threshold value (TV). In
some embodiments, the first calculating unit (C1) and the
second calculating unit (C2) also receive the control signal
(CoS). A third calculation unit (C3) compares the predictor
value (PV) with the threshold value (TV) and may output a
primary signal (RS) which may also be output by the control-
ling unit if the predictor value (PV) exceeds the threshold
value (TV).

[0100] To sum up, the present invention relates to a system
(100) for combined ablation and ultrasound imaging of asso-
ciated tissue (40), which is particularly useful for use in an
ablation process. The system comprises an interventional
device (20) with an ultrasound transducer and an ablation
unit. During an ablation process, the interventional device
(20) can be applied for both ablation and imaging of the tissue
(40) subject to the ablation. A controlling unit (CTRL) is
further comprised within the system, and arranged to calcu-
late a predictor value based on one or more signals from the
ultrasound transducer, where the predictor value relates to a
risk of impending tissue damage due to a rapid release of
bubble energy. According to a specific embodiment, a pri-
mary signal is sent if the predictor value exceeds a threshold
value, so that proper measures can be taken.

[0101] Although the present invention has been described
in connection with the specified embodiments, it should not
be construed as being in any way limited to the presented
examples. The scope of the present invention is set out by the
accompanying claim set. In the context of the claims, the
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terms “comprising” or “comprises” do not exclude other pos-
sible elements or steps. Also, the mentioning of references
such as “a” or “an” etc. should not be construed as excluding
a plurality. The use of reference signs in the claims with
respect to elements indicated in the figures shall also not be
construed as limiting the scope of the invention. Furthermore,
individual features mentioned in different claims, may pos-
sibly be advantageously combined, and the mentioning of
these features in different claims does not exclude that a
combination of features is not possible and advantageous.

1. A system (100) for combined ablation and ultrasound
imaging of associated tissue (40, 540), the system comprising
an interventional device (20), the interventional device
comprising,
an ultrasound transducer (5, 505), and
an ablation unit (15, 516), and
a controlling unit (CTRL) being operably connected to the
interventional device 20, the controlling unit (CTRL)
being arranged to
send a control signal (CoS) to the ultrasound transducer
(5, 505),
receive a response signal (ReS) from the ultrasound
transducer, the response signal (ReS) being indicative
of the presence of one or more bubbles within said
associated tissue (40, 540), and
calculate a predictor value (PV), where the predictor
value (PV) relates to a risk of an impending tissue
damage due to a rapid release of a bubble energy.

2. A system (100) for combined ablation and ultrasound
imaging of associated tissue according to claim 1, wherein the
controlling unit (CTRL) is further arranged to send a primary
signal (RS) if the predictor value exceeds a threshold value
(TV).

3. A system (100) for combined ablation and ultrasound
imaging of associated tissue according to claim 2, wherein the
primary signal (RS) is arranged to regulate a parameter
related to the ablation.

4. A system (100) for combined ablation and ultrasound
imaging of associated tissue according to claim 1, wherein the
threshold value (TV) is a function of any one of: a power
dissipated in the associated tissue (40, 540), the previous
history of the response signal, a measured contact force
between the interventional device and the associated tissue
(40, 540), an electrical impedance of the associated tissue (40,
540), a structure of the associated tissue (40, 540), a duration
of'the ablation, the ability of the associated tissue to exchange
heat with the surroundings, a temperature of the associated
tissue (40, 540), the temperature of the ablation electrode, and
the irrigation flow rate at the electrode tip.

5. A system (100) for combined ablation and ultrasound
imaging of associated tissue (40, 540) according to claim 2,
wherein the controlling unit (CTRL) is arranged to vary the
primary signal (RS) depending on the value of the predictor
value (PV).

6. A system (100) for combined ablation and ultrasound
imaging of associated tissue (40, 540) according to claim 2,
wherein the controlling unit (CTRL) is arranged to form part
of a feedback circuit.

7. A system (100) for combined ablation and ultrasound
imaging of associated tissue (40, 540) according to claim 1,
wherein the ultrasound transducer (5, 505) is disposed behind
or in an irrigation hole (21) of the interventional device (20),
so as to allow an irrigation fluid to flow out of the irrigation
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hole (21), and so as to allow transmitting and/or receiving an
ultrasonic signal (A2) through the irrigation hole (21).

8. A system (100) for combined ablation and ultrasound
imaging of associated tissue (40, 540) according to claim 1,
wherein the at least one ultrasound transducer (5, 505) is
arranged for emitting ultrasonic signals (A2) having a fre-
quency sufficiently high in order to detect one or more
bubbles in the associated tissue (40, 540).

9. A system (100) for combined ablation and ultrasound
imaging of associated tissue (40, 540) according to claim 1,
wherein the ablation unit (15, 516) comprises any one of: a
heating element, a radio frequency electrode, an ultrasound
transducer, and a laser.

10. A system (100) for combined ablation and ultrasound
imaging of associated tissue (40, 540) according to claim 1,
the system comprising any one of: an electrode capable of
serving as an electrode for measuring electrical impedance,
tissue (40, 540) a force sensor capable of measuring a contact
force applied between the interventional device and the asso-
ciated tissue (40, 540), and a temperature sensor and local-
ization sensor.

11. A system (100) for combined ablation and ultrasound
imaging of associated tissue (40, 540) according to claim 2,
wherein the primary signal (RS) is controlling any one of: the
ablation unit (15, 516), an irrigation flow, a contact force
applied between the interventional device and the associated
tissue (40, 540), and a position of the ablation unit.

12. A method for assessing a risk of a impending tissue
damage due to a rapid release of a bubble energy, the method
comprising
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emitting (S1) a primary ultrasonic signal into a tissue, and

receiving (S2) a secondary ultrasonic signal from within

the tissue, and

determining (S3) if one or more bubbles are formed within

the tissue, based upon information derived from the
secondary ultrasonic signal, and

sending (S4) the information derived from the secondary

ultrasonic signal to a processor, and

calculating (S5) a predictor value (PV) based on informa-

tion derived from the secondary ultrasonic signal, where
the predictor value (PV) relates to the risk of impending
tissue damage due to the rapid release of the bubble
energy.

13. A method according to claim 12, the method further
comprising the step of outputting a primary signal (RS) based
upon the predictor value (PV).

14. Use of a system (100) for combined ablation and ultra-
sound imaging of associated tissue (40, 540) according to
claim 1, controlling an ablation process.

15. A computer program product being adapted to enable a
computer system comprising at least one computer having
data storage means associated therewith to operate a proces-
sor arranged for

receiving information derived from an ultrasonic signal,

and

calculating a predictor value (PV) based on information

derived from the secondary ultrasonic signal, where the
predictor value relates to a risk of an impending tissue
damage due to a rapid release of a bubble energy.
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