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Description
BACKGROUND
1. Field of the Invention

[0001] The presentinvention relates generally to mag-
netic resonance imaging (MRI) guided thermal treatment
systems, and more particularly to using MRI to obtain
thermal evolution images of a tissue mass undergoing
thermal treatment.

2. Background of the Invention

[0002] Certain types of body tissues, such as tumors,
can be destroyed by heat. One way to apply thermal en-
ergy to internal body tissue is to focus high intensity, ul-
trasonic acoustic waves into the tissue using, e.g., a
phased-array of piezoelectric transducers. Such treat-
ment can reduce or even eliminate the need for invasive
surgery to remove the tissue. Of critical importance to
the treatment process is verifying that a sufficient thermal
dose is reached during each application of ultrasonic en-
ergy (or "sonication") to kill/ablate the portion of the target
tissue structure being heated. It is also important to be
able to precisely track which portions of the tissue struc-
ture have been killed/ablated, in order to minimize the
total number of sonications needed in a particular treat-
ment session.

[0003] Towards this end, MRI systems are used to as-
sist in aiming ultrasonic wave energy at a target tissue
structure in a body, and to monitor the temperature
change of the tissue region being heated during the ther-
mal treatment process to ensure that a sufficient thermal
dose is reached to fully ablate the tissue being heated.
[0004] One method of measuring temperature change
using MRI techniques exploits the temperature depend-
ence of the proton resonant frequency (PRF) in water.
The temperature dependence of the PRF is primarily due
to temperature-induced rupture, stretching, or bending
of the hydrogen bonds in water. The temperature de-
pendence of pure water is 0.0107 ppm/°C, and the tem-
perature dependence of other water-based tissues is
close to this value. Because of a non-homogenous mag-
netic field within the MRI machine, absolute PRF meas-
urements are not possible. Instead, changes in PRF are
measured by first taking a MR image before the delivery
of heat, and subtracting this baseline value from subse-
quent measurements. The temperature-induced chang-
es in PRF are men estimated by measuring, changes in
phase of the MR signal, or frequency shift, in certain MR
imaging sequences.

[0005] Notably, the duration of each sonication must
be limited, e.g., to approximately ten seconds, in order
to avoid the unwanted (and painful) build up of heat in
healthy tissue surrounding the target tissue structure be-
ing heated. Thus, there is limited time for acquiring tem-
poral MR images for monitoring the temperature increase
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during a sonication in order to verify a sufficient kill tem-
perature has been reached. Because it can take at least
one and as much as three seconds to acquire a single
MR thermal sensitive image, this means there is little
room for using a multi slice MR imaging techniques to
cover the whole heated volume.

[0006] Chung A. H. et al, "Thermal dosimetry of a fo-
cused ultrasound beam in vivo by magnetic resonance
imaging”, Med. Phys. 26(9), September 1999, p.
2017-2026, discloses a PRF shift technique for generat-
ing temperature images for a series of time intervals dur-
ing-an ultrasonic heating.

[0007] In particular, the article discloses a system for
monitoring changes in temperature of a tissue mass be-
ing heated by energy converging in a focal zone encom-
passing a portion of the tissue mass, the focal zone being
generally elongate and symmetrical about the focal axis,
the system being configured to acquire a first plurality of
magnetic resonance images of the tissue mass in a first
image plane aligned substantially perpendicular to the
focal axis; and define a cross-section of the focal zone
in the first image plane from the first plurality of images.
Further, a second plurality of images is generated in a
second image plane which intersects the first image
plane. The second image plane is substantially parallel
to the focal axis.

SUMMARY OF THE INVENTION

[0008] Theinventionis directed to systems using mag-
netic resonance imaging for monitoring the temperature
of a tissue mass undergoing thermal treatment by energy
converging in a generally elongate focal zone symmet-
rical about a focal axis, and comprising the features ac-
cording to the subject matter defined in the claims 1to 7.
[0009] Other aspects and features of the invention will
become apparent in view of the disclosed and described
embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Preferred embodiments and implementations
of the invention are now shown and described in con-
junction with the following drawings, in which:

FIG. 1is a simplified schematic illustration of a MRI-
guided focussed ultrasound thermal treatment sys-
tem emitting a converging ultrasound beam to a focal
zone in a target tissue mass located in a patient;
FIG. 2 is a cross-sectional view of the focal zone
taken in a first imaging plane parallel to a focal axis
of the ultrasound beam;

FIG. 3 is a cross-sectional view of the focal zone
taken in a second imaging plane perpendicular to
the focal axis of the ultrasound beam;

FIG. 4 is a graph illustrating the temporal tempera-
ture change of the tissue the focal zone taken in a
given image plane;
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FIG. 5is a diagram illustrating differences in the tem-
perature change detected by MR imaging of the focal
zone, depending on where the MR imaging plane is
aligned; and

FIG. 6 is a flow chart illustrating an exemplary proc-
ess by which a system according to the invention
monitors the thermal evolution of the target tissue
structure, ensuring proper alignment of the MR im-
aging plane with the focal zone.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS OF THE INVENTION

[0011] FIG. 1 is a simplified schematic illustration of
an exemplary MRI-guided focussed ultrasound thermal
treatment system 100. The system 100 includes a
phased array transducer 102 driven by a controller 106
for emitting a beam of focussed ultrasound energy 112
converging in a focal zone 104 located in a target tissue
mass 105 in a patient 116. The geometry of the focal
zone 104 within the target tissue structure 105 is a func-
tion of the shape of the transducer 102 and phasing of
the individual transducer elements, which dictate the in-
teraction of the converging ultrasonic waves. In the illus-
trated embodiment, the transducer is a concave, spher-
ical cap, such the focal zone 104 will have a generally
elongate shape, symmetrical about a focal axis, as
shown in FIGS. 2 and 3.

[0012] Thermal conduction in the tissue mass 105 and
cooling blood flow may also play a role in the actual ther-
mal energy distribution in the tissue mass 105. Also, for
agiven output power of the energy beam 112 and volume
ofthe focal zone 104, a longer sonication results in higher
tissue temperature within the focal zone 104, and greater
heat transfer through conduction to tissue adjacent the
focal zone 104. Importantly, to avoid near field heating
of non-targettissue, as well as secondary hot spots, there
are practical limits to both the duration of the sonication
and the energy level of the ultrasound beam 112. Thus,
the actual tissue volume being heated may vary some-
what from the initial boundaries of the ultrasound beam
focal zone 104. For purposes of simplification in describ-
ing the invention herein, it is presumed herein that the
boundary of the focal zone 104 is defined as the tissue
volume that receives significant thermal energy, whether
directly from the ultrasound energy, or indirectly from
thermal conduction.

[0013] A MRI system 114 is used to acquire images
taken along a two-dimensional image plane (or slice) 115
passing through a portion of the focal zone 104. The ac-
quired images are processed by a processor 108 to mon-
itor the change in temperature of this portion of the tissue
mass 105. The tissue temperature changes measured
fromimages acquired in one or more imaging planes 115
are used to derive a three-dimensional thermal evolution
of the entire focal zone 104. The thermal evolution is
used to verify that a sufficient tissue "kill" thermal dose
is reached in the focal zone 104, as well as to track which
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portions of the tissue 105 have been killed. This informa-
tion, in turn, is used by the ultrasound controller 106 for
positioning the ultrasound energy beam 112 and focal
zone 104 for successive sonications of the tissue mass
105. Thus, it is critical that the thermal evolution of the
three-dimensional focal zone 104 be accurate.

[0014] More particular aspects, features, embodi-
ments, and preferred systems and methods for operating
an MRI-guided focussed ultrasound system, such as sys-
tem 100, are disclosed in U.S. Patent No. 6,419,648 and
US 2002/0180438 A1.

[0015] FIGS. 2 and 3 depict cross-sectional images of
the focal zone 104 taken in orthogonal imaging planes.
Notably, the focal zone 104 is substantially elongate in
shape and symmetrical along a focal axis 120 of the ul-
trasound transducer 102. The cross-sectional view of the
focal zone 104 shown in FIG. 2 is taken in an image plane
parallel to, and in this instance including the focal axis
120, referred to herein as a "vertical" image plane. The
cross-sectional view of the focal zone 104 shown in FIG.
3 is taken in an image plane perpendicular to the focal
axis 120, (along line B-B in FIG. 2), referred to herein as
a "horizontal" image plane. Notably, images taken in a
horizontal image plane are easier to locate such that they
will intersect the heated zone along the focal axis 120,
whereas images taken in a vertical image plane may or
may not intersect the heated zone along the focal axis
120.

[0016] FIG. 4 is a graph of the temperature change of
the tissue in the focal zone taken in a selected image
plane over the course of a sonication. In particular, the
graph depicts changes in tissue temperature (at one pix-
el) in the image plane corresponding to differences in a
characteristic of the tissue measured in successive MR
images T4-T,3 taken in the particularimage plane. In one
embodiment, the measured characteristic is a phase of
an electromagnetic signal emitted from the tissue, where-
in the corresponding temperature change is estimated
based on a phase shift in the signal between successive
images.

[0017] Attime T,, which is preferably just before initi-
ation of the sonication, the MRI system 114 acquires a
first image, which is used to establish a baseline of the
measured tissue characteristic, presumably reflecting
body temperature of the patient 116. The application of
ultrasonic energy then commences and a second image
is acquired at time T,. From this second image, the ther-
mal evolution, i.e., change in tissue temperature, from
time T4 to T, in the respective image plane can be esti-
mated from the change in the measured tissue charac-
teristic. Successive temporal images are taken as the
tissue is being heated. The actual number of images that
can be acquired while the tissue is being heated may
vary between embodiments and depend, e.g., on the im-
aging modality of the MRI system.

[0018] The process of acquiring images in the respec-
tive image plane continues at least to the end of the son-
ication period, i.e., until the application of ultrasonic en-
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ergy ceases. In the graph of FIG. 4, the application of
ultrasonic energy continues to time T, at which point
accumulated heat in tissue reaches a peak temperature
132. The processor 108 uses the images acquired at
times T4-T43 to ensure that the heat transferred to the
tissue 105 in the focal zone 104 exceeds a predetermined
"kill threshold" thermal dose.

[0019] Inorderto derive an accurate three-dimension-
al temperature evolution of the focal zone 104, it would
seem necessary to be able to track the temperature map
changes in both horizontal and vertical image planes,
including a sufficient number of planes covering the entire
focal zone. However, this is not possible, since the ac-
quired images are taken along thin "slices" of the tissue
and require a relatively long time to acquire with respect
to the limited sonication time. This is particularly prob-
lematic with images taken in a vertical image plane of
the focal zone 104. As seen in FIGS. 2 and 3, the thermal
energy is most concentrated, and thus a higher temper-
ature is reached, in an elongate-shaped center 122 of
the focal zone 104. Thus, it is readily apparent that im-
ages acquired in a vertical imaging plane taken along
line C-C in FIG. 2 will not accurately depict the true ther-
mal evolution map of the focal zone. In particular, unless
images acquired in a vertical image plane either include
the focal axis 120, a true thermal evolution map will not
be obtained.

[0020] To better illustrate the foregoing points, FIG. 5
shows the thermal evolution 142 (temperature change v.
time) of a point in an image slice taken along vertical
image plane C-C of FIG. 2, versus the thermal evolution
144 of a point in an image slice taken in a vertical image
plane taken along line A-A including the focal axis 120.
Thus, in order for processor 108 to generate a more ac-
curate estimate of the thermal evolution of the focal zone
104, the thermal images acquired by the MRI system 114
during the sonication should be taken in a vertical plane
located as close to the focal axis 120 as possible. If the
images are taken in a vertical plane too distant from the
focal axis 120, the processor 108 will under estimate the
thermal evolution of focal zone 104, as would be the case
with the thermal evolution 142 illustrated in FIG. 5. As
noted above, because the temporal period of successive
image acquisitions is between 1 to 3 seconds, and the
application of ultrasonic energy in a given sonication is
for a relatively short period, e.g., 10 seconds, there is not
adequate opportunity to adjust the alignment of the ver-
tical imaging plane during a sonication.

[0021] The processor 108 is configured to acquire a
plurality of images of the tissue mass 105 in a horizontal
image plane (i.e., aligned substantially perpendicular to
the focal axis), which is relatively easy to locate some-
where along the focal zone given the generally elongate
shape of the focal zone 104.

[0022] In one embodiment, the plurality of horizontal
images include a baseline image taken just prior to the
sonication, and a further image taken after the heating
has commenced, such that a temperature change will
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appear between the two images. From the temperature
change, the boundary of a cross-section of the focal zone
104 in the horizontal image plane can be determined by
the processor 108. At the same time the plurality of hor-
izontal images are being acquired, a plurality of images
in a vertical imaging plane are also acquired, i.e., in an
interleaved mode, wherein the vertical imaging plane is
established to be at the midpoint of the defined focal zone
cross-section. Because the focal zone 104 is generally
symmetrical about the focal axis 120, the midpoint of the
defined cross-section will be approximately aligns with
the focal axis 120, such that the vertical plane will either
encompass the focal axis 120, or otherwise be sufficiently
close to the focal axis to provide an accurate reflection
of the thermal evolution of the focal zone 104. In partic-
ular, the acquired horizontal thermal images will show
whether the vertical thermal images are actually close
enough to the midline of the focal zone. If not, the operator
is able to adjust the vertical imaging plane so that, at the
next application of energy, the vertical imaging plane will
be at the midpoint of the focal zone.

[0023] A process 600 using a system according to the
invention for acquiring images sufficient to generate an
accurate thermal evolution of tissue in a focal zone being
heated by focussed energy is illustrated in FIG. 6. The
system may employ a software or firmware controlled
processor for controlling the acquisition of MR images,
and analyzing the acquired images, e.g., processor 108
in system 100.

[0024] First, in step 602, a plurality of temperature im-
ages are acquired in a horizontal imaging plane, a first
temperature image of the plurality preferably being a
baseline image acquired prior to initiation of the sonica-
tion. In one embodiment, the horizontal temperature im-
ages include only two images in order to minimize the
time and system resources needed for their acquisition.
[0025] In step 604, the focal axis of symmetry in the
vertical plane is located using the temperature change
measurements derived from the horizontal temperature
images. Step 604 includes determining the boundaries
(edges) of the focal zone lying in the first horizontal im-
aging plane.

[0026] Instep 606, once the boundary of the focal zone
is located in the horizontalimaging plane, an approximate
center point of the focal zone in the respective plane is
located. Because the focal zone is generally symmetrical
about a longitudinal (vertical) axis of symmetry, the cent-
er point determined in this manner will also lie on the axis
of symmetry for any horizontalimaging plane intersecting
the focal zone.

[0027] In step 608, a vertical imaging plane is deter-
mined based on the location of center point (or "mid-
point") of the focal zone in the horizontal imaging plane.
In particular, the vertical imaging plane is selected to be
orthogonalto the horizontalimaging plane and containing
the midpoint. In step 610, which is undertaken contem-
poraneous with step 602, i.e., in an interleaved mode, a
plurality of temperature images are acquired in the ver-



7 EP 1 461 630 B1 8

tical imaging plane. In a preferred embodiment, the ver-
tical temperature images are continually acquired until
the heating period is ended.

[0028] In step 612, a three-dimensional thermal evo-
lution of the portion of the tissue mass in the focal zone
is derived based on the horizontal and vertical tempera-
ture images. In a preferred embodiment, the thermal ev-
olution is derived by first defining a cross-section of the
focal zone in the vertical image plane from the vertical
temperature images. Because of the elongate geometry
of the focal zone, the cross-section of the focal zone in
the vertical image plane will have a length substantially
axially aligned with the focal axis of symmetry. The cross-
section of the focal zone in the horizontal plane is then
extrapolated along the length of the cross-section of the
focal zone in the vertical plane to arrive at an estimated
focal zone geometry. By determining differences in a
characteristic of the tissue mass measured in successive
images of the vertical temperature images, changes in
temperature of the tissue mass between respective im-
ages can also be determined.

[0029] The thermal evolution of the three-dimensional
focal zone geometry is estimated based on extrapolating
the temperature changes in the vertical plane across the
horizontal focal zone cross section. In one embodiment,
the measured tissue characteristic is a phase of an elec-
tromagnetic signal emitted from the tissue mass, wherein
the corresponding temperature change is derived from
a phase shift in the signal between successive images.
[0030] In step 614, the derived thermal evolution is
then used to verify that the thermal dose at the tissue
mass in the focal zone exceeded a threshold tissue Kkill
thermal dose. The first and second plurality of images
acquired in steps 602 and 610 can also be used to verify
that the ultrasonic energy was applied at the correct lo-
cation within target mass 104.

[0031] It may be preferable to acquire subsequentim-
ages taken in the same or differing horizontal imaging
plane(s) in order to verify that the geometry of the cross-
section of the focal zone remains uniform, both with re-
spect to any changes in the boundary during the sonica-
tion, and with respect to the uniformity of the focal zone
boundaries along the entire length of the vertical image
plane. Towards this end, in step 616, the system acquires
one or more additional images of the tissue mass in the
focal zone in a second horizontal image plane (i.e., or-
thogonal to the vertical imaging plane), between acquir-
ing temporal images of the second plurality of images in
the vertical plane. A cross-section of the focal zone in
the second horizontal imaging plane is then defined in
step 618. In step 620, it is then verified that the vertical
imaging plane bisects the second horizontal imaging
plane at approximately a midpoint of the defined focal
zone cross-section in the second horizontal imaging
plane.

[0032] The actual pattern and ratio of images acquired
in the vertical imaging plane to images acquired in one
or more horizontal imaging planes can vary widely de-
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pending on the embodiment. Although, preferably the ra-
tio always includes more images in the vertical plane than
in the horizontal plane(s) so that there is sufficientimages
taken along the longitudinal axis of the focal zone to gen-
erate an accurate estimate of the thermal evolution. The
system processor may be programmed to acquire, e.g.,
one image in a horizontal imaging plane for every image
acquired in the vertical imaging plane after the sonication
has commenced. This can be especially useful if the
shape of focal zone is slightly irregular.

[0033] While embodiments andimplementations of the
invention have been shown and described, it should be
apparent that many more embodiments and implemen-
tations are within the scope of the invention. For example,
while the described embodiments are directed to MR im-
aging of an elongate focal zone of converging ultrasound
energy symmetrical about a focal axis, the same inven-
tive concepts may also apply to temperature monitoring
of a different heating modality, e.g., converging focussed
light waves, or converging radio frequency electromag-
netic energy.

Claims

1. A system for monitoring changes in temperature of
a tissue mass being heated by energy converging in
a focal zone (104) encompassing at least a portion
of the tissue mass, the focal zone being generally
elongate and symmetrical about a focal axis (120),
the system being configured to:

acquire a first plurality of magnetic resonance
images of the tissue mass in a first image plane
aligned substantially perpendicular to the focal
axis, differences in a characteristic of the tissue
mass measured in successive images of said
first plurality of magnetic resonance images re-
flecting changes in temperature of the tissue
mass;

define a cross-section of the focal zone in the
first image plane from the first plurality of imag-
es;

determine an approximate center point of the
cross-section of the focal zone;

determine a second image plane aligned sub-
stantially parallel to the focal axis (120) and in-
tersecting the first image plane at the approxi-
mate center point; and

acquire a second plurality ofimages of the tissue
mass in said second image plane.

2. The system of claim 1, wherein the heating energy
is applied for a defined heating period, and wherein
an image of the second plurality of images is ac-
quired proximate an end of the heating period.

3. The system of claim 1, further configured to derive
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a three-dimensional thermal evolution of the tissue
mass in the focal zone (104) based on the first and
second pluralities of images.

The system of claim 3, wherein the thermal evolution
is derived by defining a cross-section of the focal
zone (104) in the second image plane from the sec-
ond plurality ofimages, the cross-section of the focal
zone in the second image plane having a length,
extrapolating the cross-section of the focal zone in
the first image plane along the length of the cross-
section of the focal zone in the second image plane,
and determining differences in a characteristic of the
tissue mass in the focal zone measured in succes-
sive images of the second plurality of images, the
differences in the measured characteristic corre-
sponding at least in part to changes in temperature
of the tissue mass between respective images.

The system of claim 1, further configured to verify
that the temperature of the tissue mass in the focal
zone (104) exceeded a threshold temperature or
thermal dose based on the derived thermal evolu-
tion.

The system of claim 4, further configured to acquire
one or more additional images of the tissue mass in
the focal zone (104) in a third image plane aligned
substantially perpendicular to the focal axis (120) be-
tween acquiring images of the second plurality of
images, define a cross-section of the focal zone in
the third image plane, and verify that the second im-
aging plane bisects the third image plane at approx-
imately a midpoint of the defined focal zone cross-
section in the third image plane.

A system according to one of the preceding claims,
wherein the first plurality of images includes a base-
line image taken prior to the application of ultrasound
energy to the tissue mass.

Patentanspriiche

1.

System zur Uberwachung von Temperaturénderun-
gen einer Gewebemasse, die durch Energie erhitzt
wird, die in einem Fokalbereich (104) zusammen-
lauft, der mindestens einen Abschnitt der Gewebe-
masse einbezieht, wobei der Fokalbereich im Allge-
meinen langlich und um eine Brennachse (120) her-
um symmetrisch ist, wobei das System for folgende
Schritte konfiguriert Ist:

Erfassen einer ersten Vielzahl von Magnetreso-
nanzhildern der Gewehemasse in einer ersten
Bildebene, die Im Wesentlichen senkrecht zur
Brennachse ausgerichtet ist, wobei Unterschie-
de in einer Charakteristik der Gewebemasse,
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die in aufeinander folgenden Bildern der ersten
Vielzahl von Magnetresonanzbildern gemessen
wird, Temperaturanderungen der Gewebemas-
se wiederspiegeln;

Definieren eines Querschnitts des Fokalbe-
reichs in der ersten Bildebene aus der ersten
Bildervielzahl;

Bestimmen eines angendherten Mittelpunkts
des Querschnitts des Fokalbereichs;
Bestimmen einer zweiten Bildebene, die im We-
sentlichen parallel zu der Brennachse (120)
ausgerichtet ist und sich mit der ersten Bildebe-
ne in dem angenaherten Mittelpunkt schneidet;
und

Erfassen einer zweiten Vielzahl von Bildern der
Gewebemasse in der zweiten Bildebene.

System nach Anspruch 1, wobei die Heizenergie
wahrend einer definierten Heizperiode angewendet
wird, und wobei ein Bild der zweiten Blidervleizahl
gegen Ende der Heizperiode aufgenommen wird.

System nach Anspruch 1, ferner konfiguriert, um ei-
ne dreidimensionale thermische Entwicklung der
Gewebemasse In dem Fokalbereich (104) abzulei-
ten, basierend auf der ersten und zweiten Vielzahl
von Bildern.

System nach Anspruch 3, wobei die thermische Ent-
wicklung abgeleitet wird durch das Definieren eines
Querschnitts des Fokalbereichs (104) in der zweiten
Bildebene aus der zweiten Vielzahl von Bildern, wo-
bei der Querschnitt des Fokalbereichs in der zweiten
Bildebene eine Lange aufweist, das Extrapolieren
des Querschnitts des Fokalbereichs in der ersten
Bildebene entlang der Lange des Querschnitts des
Fokalbereichs in der zweiten Bildebene und das Be-
stimmen von Unterschieden in einer Charakteristik
der Gewebemasse in dem Fokalbereich, die in auf-
einander folgenden Bildern der zweiten Vielzahl von
Bildern gemessen wird, wobei die Unterschiede der
gemessenen Charakteristik mindestens teilweise
Temperaturdnderungen der Gewebemasse zwi-
schen jeweiligen Bildern entsprechen.

System nach Anspruch 1, ferner konfiguriert um zu
Uberprifen, dass die Temperatur der Gewebemasse
in dem Fokalbereich (104) eine Schwellentempera-
tur oder eine Warmedosis Uberschritten hat, basie-
rend auf der abgeleiteten thermischen Entwicklung.

System nach Anspruch 4, ferner konfiguriert, um ei-
nes oder mehrere zusatzliche Bilder der Gewebe-
masse in dem Fokalbereich (104) in einer dritten
Bildebene zu erfassen, die im Wesentlichen zu der
Brennachse (120) senkrecht ausgerichtet ist, zwi-
schen dem Erfassen von Bildern der zweiten Bilder-
vielzahl, Definieren eines Querschnitts des Fokal-
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berelchs in der dritten Bildebene und Uberpriifen,
dass die zweite bilderzeugende Ebene die dritte Bild-
ebene ungefahrin einem Mittelpunkt des definierten
Querschnitte des Fokalbereichs in der dritten Bild-
ebene halbiert.

System nach einem der vorhergehenden Anspri-
che, wobei die erste Bildervielzahl ein Bezugsbild
umfasst, das vor dem Anwenden von Ultraschallen-
ergie auf die Gewebemasse aufgenommen wurde.

Revendications

Systéme de surveillance de changements de tem-
pérature d'une masse tissulaire chauffée par de
I'énergie convergeant dans une zone focale (104)
englobant au moins une partie de la masse tissulaire,
la zone focale étant en général allongée et symétri-
que autour d’'un axe focal (120), le systeme étant
configuré pour ;

acqueérir une premiére pluralité d'images par ré-
sonance magnétique de la masse tissulaire
dans un premier plan image aligné de fagon
substantiellement perpendiculaire a I'axe focal,
des différences d’une caractéristique de la mas-
se tissulaire mesurée sur des images successi-
ves de ladite premiére pluralité d’images par ré-
sonance magnétique reflétant des change-
ments de température de la masse tissulaire ;
définir une section transversale de la zone fo-
cale dans le premier plan image a partir de la
premiére pluralité d'images ;

déterminer un point central approximatif de la
section transversale de la zone focale;
déterminer un deuxieme plan image aligné
substantiellement en paralléle a I'axe focal (120)
et coupantle premier planimage au point central
approximatif; et

acquérir une deuxiéme pluralité d’'images de la
masse tissulaire dans ledit deuxiéme plan ima-

ge.

Systéme selonlarevendication 1, dans lequel I'éner-
gie de chauffage est appliquée pendant une période
de chauffage définie, et dans lequel une image de
la deuxiéme pluralité d'images est acquise prés de
la fin de la période de chauffage.

systéme selon la revendication 1, configuré en outre
pour dériver une évolution thermique tridimension-
nelle de la masse tissulaire dans la zone focale (104)
basée sur les premiére et deuxieme pluralités d’ima-
ges.

Systéme selon la revendication 3, dans lequel I'évo-
lution thermique est dérivée en définissant une sec-
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tion transversale de la zone focale (104) dans le
deuxiéme plan image a partir de la deuxiéme plura-
lité d'images, la section transversale de la zone fo-
caledans le deuxieme planimage ayant une certaine
longueur, en extrapolant la section transversale de
la zone focale dans le premier plan image suivant la
longueur de la section transversale de la zone focale
dans le deuxiéme plan image, et en déterminant des
différences d’une caractéristique de la masse tissu-
laire dans la zone focale mesurée sur des images
successives de la deuxiéme pluralité d’images, les
différences dans la caractéristique mesurée corres-
pondant au moins en partie a des changements de
température de la masse tissulaire entre des images
respectives.

Systéme selon la revendication 1, configuré en outre
pour vérifier que la température de la masse tissu-
laire dans la zone focale (104) a dépassé une tem-
pérature de seuil ou une dose thermique sur la base
de I'évalution thermique dérivée.

Systéme selon la revendication 4, configuré en outre
pour acquérir une ou plusieurs images supplémen-
taires de la masse tissulaire dans la zone focale
(104) dans un troisiéme plan image aligné de fagon
substantiellement perpendiculaire a I'axe focal (120)
entre I'acquisition d’'images de la deuxieéme pluralité
d’'images, définir une section transversale de la zone
focale dans le troisieme plan image, et vérifier que
le deuxieme plan de formation d’image coupe le troi-
siéme plan image en deux, approximativement en
un point milieu de la section transversale de zone
focale définie dans le troisiéme plan image.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel la premiére pluralité d'ima-
ges comprend une image de référence prise avant
I'application de I'énergie ultrasonore a la masse tis-
sulaire,
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