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Temperature monitoring apparatus and method for monitoring a temperature within a tissue

FIELD OF THE INVENTION

The present invention relates to a temperature monitoring apparatus for
monitoring a temperature within a tissue, in particular during a thermal ablation process and
to a temperature monitoring method for monitoring a temperature within a tissue, in

particular during a thermal ablation process.

BACKGROUND OF THE INVENTION

In the field of minimally invasive surgeries thermal ablation techniques are
well known and provide excellent alternatives to major surgeries. This technique merely
requires needles or probes for providing a radiofrequency, cryotherapy and/or microwave
ablation. Alternatively a non-invasive heat source can be used such as using ultrasound. In
cach case, tissue is coagulated by heating the tissue to a temperature above 60 °C. This
technique is preferably used to treat cancer.

Radiofrequency ablation is currently the most common minimally invasive
heating therapy to treat cancer, in particular liver cancer. The radiofrequency ablation uses a
probe with an active electrode tip through which a high frequency alternating current is
conducted. The current propagates through the body to a grounding pad, wherein the current
causes ionic agitation and frictional heating. The heat introduced into the tissue is dissipated
through thermal conduction to ablate the tumor.

Due to a high recurrence rate of cancer, follow up inspections are done within
a month and again at three months intervals along with tumor markers to detect residual
disease or recurrence. One common reason for the high recurrence rate is the inability to
monitor and to control the ablation size of the thermal ablation technique to adequately
destroy all tumor cells. It is therefore essential to provide a real-time feedback by means of a
temperature map of the ablated zone.

A temperature profile of the surgery can currently be achieved by magnet
resonance-based temperature imaging, however, this technique is expensive and may not be

readily available.
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Alternatively ultrasound thermometry can be used for thermal ablation
monitoring, however, since the sensitivity of this method is significantly reduced above
50 °C and since the ultrasound echoes significantly change with the onset of tissue necrosis, a
precise temperature measurement and the generations of a precise temperature map of the
ablation zone is not possible.

Alternatively ultrasound shear wave imaging is a well known technique to
inspect cancer and to provide a contrast between ablated tissue and the surrounding normal
tissue to monitor the thermal ablation in real time. However, the heat introduction during
radiofrequency microwave ablation forms gas bubbles around the core of the ablation zone,
which can introduce artifacts in the shear wave imaging so that the thermal monitoring of the
ablation can be disturbed.

Both ultrasound inspection methods using ultrasound thermometry or shear
wave imaging can be disturbed by metal devices so that the monitoring close to the core of
the ablation zone is not possible due to the presence of the radiofrequency ablation probe.

Alternative methods dispose the shear wave imaging planes on the periphery
of the ablation zone and determine the temperature of the ablation zone by using a thermal
model, however, due to the inhomogeneity of the tissue due to blood vessels, which act as
heat sinks, a precise determination of the temperature in the ablation zone is not possible.

US 2010/0256530 A1 discloses a method and an apparatus for monitoring
tissue ablation, wherein the position of the ablation electrodes is monitored by an ultrasound
transducer, however, due to the metal electrodes and the temperature and gas bubble effects
in the ablation zone, a precise temperature monitoring of the ablation zone is not possible.

EP 2 387 963 Al discloses a temperature distribution determining apparatus
for determining a temperature distribution within an object caused by applying energy to the
object, wherein an ultrasound unit measures a spatially and temporally dependent first
temperature distribution of the object while the energy is applied to the object such that the
object is heated to a temperature within a first temperature range, and a temperature
distribution estimating unit estimates a spatially and temporally dependent second
temperature distribution in the object within a second temperature range, which is different to
the first temperature range.

From B. Arnal et al.: "Monitoring of Thermal Therapy Based on Shear
Modulus Changes: 1. Shear Wave Thermometry", in IEEE transactions on ultrasonics,

ferroelectrics and frequency control, Vol. 58, No. 2, 1 February 2011, pages 369-378, a
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method for determining a temperature of a tissue on the basis of shear wave thermometry is
known.

From A. Anand et al.: "Three-Dimensional Spatial and Temporal temperature
Imaging in Gel Phantoms Using Backscattered Ultrasound", in IEEE transactions on
ultrasonics, ferroelectrics and frequency control, Vol. 54, No 1, 1 January 2007, pages 23-31
a method for determining a temperature in a tissue on the basis of backscattered ultrasound is
known.

US 7 520 877 B2 discloses a radio frequency system using multiple prong
probes, wherein the prongs are electrically isolated from each other and wherein electrical

power is rapidly switched between the prongs, between a prong and a ground pad or both.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide an improved
temperature monitoring apparatus and an improved temperature monitoring method for
monitoring a temperature within a tissue having a high precision with low technical effort.

According to a first aspect of the present invention a temperature monitoring
apparatus is provided for monitoring a temperature within a tissue, in particular during a
thermal ablation process, comprising:

- a temperature application unit configured to introduce heating power into the
tissue for heating the tissue,

- an ultrasound unit for emitting and receiving ultrasound waves and for
determining a temperature in a measurement region of the tissue on the basis of ultrasound
shear wave detection, and

- a temperature estimation unit including a heat transfer model for estimating a
temperature in a region of interest within the tissue on the basis of the determined
temperature and the heat transfer model, wherein the heat transfer model is based on medical
images of the tissue.

According to a further aspect of the present invention a temperature
monitoring method is provided for monitoring a temperature within a tissue, in particular
during an ablation process, comprising the steps of:

- introducing a heating power into the tissue for heating the tissue,
- determining a temperature in a measurement region of the tissue on the basis

of ultrasound shear wave detection, and
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- estimating a temperature in a region of interest within the tissue on the basis of
a heat transfer model and the determined temperature, wherein the heat transfer model is
based on medical images of the tissue.

Preferred embodiments of the invention are defined in the dependent claims. It
shall be understood that the claimed method has similar and/or identical preferred
embodiments as the claimed device and as defined in the dependent claims.

The present invention is based on the idea to measure the temperature of the
tissue non-invasive separately from the position where the heating power is introduced into
the tissue and to estimate the temperature of the tissue in a region of interest, e.g. in a region
between the position of power introduction and the measurement region so that a temperature
map can be provided and an ablation zone can be precisely determined. A heat transfer model
is used by the temperature estimation unit in order to estimate the temperature in the region
of interest and to improve the estimation, parameters of the transfer model are determined on
the basis of medical images such as computer tomography images, ultrasound images or
magnet resonance images. Since the medical images are determined by the properties of the
tissue, the heat transfer model can be precisely determined so that the temperature within the
region of interest can be precisely estimated without additional probing or measurement units.
Hence, the monitoring of the temperature within the region of interest is possible with high
precision and low technical effort.

In a preferred embodiment, the ultrasound unit is adapted to define the
measurement region within the tissue on the basis of the medical images. This is a possibility
to define an optimal position within the tissue in order to provide a precise estimation of the
temperature within the region of interest.

In a preferred embodiment, the temperature application unit is adapted to
determine the heating power introduced into the tissue on the basis of the medical images.
This is a possibility to precisely predetermine the temperature of the tissue heated by the
heating power, since the thermal properties of the tissue can be derived from the medical
images.

In a preferred embodiment, the measurement region comprises at least one
measurement plane. This is a possibility to precisely define a position of the measurement
region since the distance of the measurement plane can be precisely located in a defined
distance from the region of interest.

In a preferred embodiment, the measurement region is formed separately from

the region of interest. This is a possibility to increase the sensitivity of the ultrasound shear
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wave temperature detection, since the influence of the high temperature effects on the
ultrasound measurement in the region of interest can be reduced.

In a preferred embodiment, the temperature estimation unit comprises a
position sensor for determining a position of the region of interest and a position of the
measurement region. This is a possibility to precisely determine the distance of the region of
interest and the measurement region so that a precise estimation of the temperature within the
region of interest can be achieved.

In a preferred embodiment, the temperature estimation unit is adapted to detect
heat sinks within the tissue on the basis of the medical images and wherein the temperature
estimation unit is configured to adapt the heat transfer model on the basis of the detected heat
sinks. This is a possibility to improve the performance of the heat transfer model, since blood
vessels which can form heat sinks within the tissue can be easily detected by means of the
medical images.

In a preferred embodiment, the temperature estimation unit is configured to
adapt parameters of the heat transfer model on the basis of ultrasound temperature
measurements in different measurement regions. This is a possibility to compare estimated
temperatures with ultrasound temperature measurement and to improve the heat transfer
model continuously by adapting the respective model parameters.

In a certain embodiment, the ultrasound temperature measurements are
performed in the periphery of the ablation zone.

The heat transfer model parameter are determined based on the shear wave
measurements performed during or prior to the ablation. Hence, an adaption of the heat
transfer model in real-time is possible.

In a preferred embodiment, the temperature application unit is adapted to
control the heating power introduced into the tissue on the basis of the estimated temperature
in the region of interest. This is a possibility to set the temperature within the region of
interest to a predefined level, so that a precise treatment of the tissue is possible.

In a preferred embodiment, the ultrasound unit is adapted to define a position
of the measurement region within the tissue on the basis of an expected temperature of the
tissue determined on the basis of the heat transfer model. This is a possibility to define the
measurement region in a position having a tissue temperature, which is within a high
sensitivity range of the shear wave detection, so that the sensitivity of the temperature

measurement can be improved.
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In a preferred embodiment, the temperature application unit is adapted to
introduce a heating power pulse into the tissue, wherein the temperature estimation unit is
adapted to determine parameters of the heat transfer model on the basis of a temperature
determined by the ultrasound unit in the measurement region generated by the heating power
pulse. This is a possibility to determine parameters of the heat transfer model prior to the
treatment on the basis of a real measurement within the tissue to be monitored so that a
precise treatment of the tissue can be achieved.

In a preferred embodiment, the temperature application unit comprises a probe
for introducing the heating power into the tissue, wherein the probe comprises a temperature
measurement device for measuring the temperature of the tissue. This is a possibility to
further improve the temperature measurement and the heat transfer model, since a further real
temperature measurement can be provided.

It is further preferred if the temperature application unit is adapted to introduce
a heating power pulse into the tissue, wherein the ultrasound unit is adapted to calibrate the
ultrasound temperature measurement on the basis of the temperature measured by the
temperature measurement device of the probe. This is a possibility to improve the ultrasound
measurement, since the ultrasound unit can be calibrated on the basis of an in-situ
temperature measurement. In this case, it is preferred if the measurement region is formed in
close vicinity of the probe, so that thermal conductivity effect can be minimized.

In a preferred embodiment, the medical images are ultrasound images,
computer tomography images and/or magnet resonance tomography images. This is a
possibility to provide precise medical images in order to improve the temperature estimation
on the basis of the heated transfer model.

As mentioned above, the present invention is based on the idea to estimate the
temperature within the region of interest on the basis of a heat transfer model, wherein the
heat transfer model is adapted by means of medical images of the respective tissue. Therefore,
the heat transfer model can be adapted to the real tissue properties, in particular to the
presence of the blood vessels, which act as heat sinks within the tissue and which can disturb
the estimation of the temperature within the region of interest. Hence, a precise estimation of
the temperature within the region of interest is possible with low technical effort, so that a

precise ablation treatment of tissue is possible.
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BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the invention will be apparent from and elucidated
with reference to the embodiment(s) described hereinafter. In the following drawings

Fig. 1 shows a schematic diagram of an ablation zone and an ultrasound
temperature measurement;

Fig. 2 shows a schematic block diagram of a temperature monitoring apparatus;
and

Fig. 3 shows a schematic block diagram of a temperature monitoring and

treatment method.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 shows a tissue ¢.g. of a human being generally denoted by 10. In the
tissue 10, a temperature application device 12 having a probe or a tip 14 is disposed for
heating the tissue 10 to a predefined temperature in order to coagulate parts of the tissue 10
or to ablate parts of the tissue 10. The temperature application device 12 is preferably a radio
frequency application unit, a cryotherapy unit or a microwave ablation unit as minimally
invasive techniques or may alternatively be a non-invasive heat source such as using
ultrasound (HIFU). The temperature application device 12 introduces heating power into the
tissue 10 so that the tissue 10 is heated to a temperature above 60 °C and that the tissue 10 in
an ablation zone 16 is ablated or coagulated. Due to the thermal conductivity of the tissue 10,
the ablation zone 16 is surrounded by medium temperature zone 18, wherein the tissue 10 in
the medium temperature zone 18 is heated to a medium temperature lower than the
temperature in the ablation zone 16. The medium temperature zone 18 is surrounded by a low
temperature zone 20, wherein the tissue 10 of the low temperature zone 20 is lower than the
temperature of the medium temperature zone 18. The medium temperature zone 18 is heated
by means of the heating power of the temperature application device 12 to a temperature of
50-60 °C so that no coagulation or ablation occurs in this medium temperature zone 18. The
low temperature zone 20 is heated by means of the heating power of the temperature
application device 12 to a temperature below 50 °C.

The temperature of the tissue 10 is measured by means of ultrasound shear
wave detection in different measurement positions 22, 24 within the tissue 10 and preferably
separated from the ablation zone 16. The measurement positions 22, 24 are usually different
measurement planes 22, 24 which are disposed within the tissue at different distances from

the ablation zone 16. The ultrasound shear wave detection is preferably performed by
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ultrasound shear wave thermometry (SWT) or ultrasound shear wave imaging (SWI). Since
the shear wave thermometry is applicable for tissue temperatures up to 60 °C, the
temperature measurement positions 22, 24 should be placed separately from the ablation zone
16 in order to provide precise measurement results. The ultrasound shear wave imaging is
applicable up to 65 °C so that the measurement positions 22, 24 may be disposed closer to
the ablation zone, however, due to the measurement disturbances like gas bubbles as
mentioned above, the measurement position 22, 24 should be separated from the ablation
zone 16 in one of the temperature zones 18, 20 having a tissue temperature below 60 °C.

To provide a precise treatment of the tissue, in particular a precise treatment of
cancer like liver cancer, the boundary of the ablation zone 16 or the three-dimensional size of
the ablation zone 16 has to be determined precisely within the tissue 10 to remove e.g. all
tumor cells and to reduce the risk of cancer recurrence. Hence, the boundary of the ablation
zone 16 is determined as a region of interest 26 on the basis of the ultrasound shear wave
measurements at the measurement positions 22, 24 and a bio-heat transfer model by means of
which a three-dimensional temperature map is determined. The bio-heat transfer model is
based on medical images of the tissue 10 derived from independent imaging modalities like
computer tomography, ultrasound or magnet resonance technology, wherein the medical
images are taken or performed before the ablation procedure. On the basis of the medical
images, the present properties of the tissue 10 like location of blood vessels, which form heat
sinks within the tissue 10 are determined and imported to the bio-heat transfer model so that a
precise estimation of the temperature distribution within the tissue 10 is possible.

The map of the position of the blood vessels is provided initially prior to the
ablation process. Since the thermal and electrical properties of the tissue 10 are unknown
properties at the beginning of the ablation, these parameters are estimated during the ablation
process as described in the following. The measurement data of the ultrasound shear wave
detection is continuously provided to the heat transfer model in order to adapt the model and
to continuously adapt the specific parameters of the model. Therefore, a precise temperature
distribution in all zones 16, 18, 20 of the tissue 10 can be determined.

In a preferred embodiment, the estimated temperature map is evaluated and
the heating power provided by the temperature application device 12 into the tissue 10 is
controlled or modified in order to optimize the thermal treatment and to control the size of

the ablation zone 16.
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Hence, by means of the ultrasound shear wave measurements in the
measurement planes 22, 24, the temperature within the region of interest 26 can be precisely
estimated so that a precise heat treatment of the tissue 10 is possible.

In a pretreatment phase, ultrasound guidance is generally used to identify the
position of the probe 14 and can be used to define the position of the measurement planes 22,
24 for ultrasound shear wave detection. For the position detection of the probe 14, the probe
14 may comprise a position sensor 28, which may be a tracking sensor on the basis of
electromagnetic, ultrasonic or optical waves. The distance between the probe 14 and the
measurement plane 22, 24 may also be set or controlled by means of a mechanical fixture
coupled to the temperature application device 12 and to the respective ultrasound shear wave
unit.

The medical images are also utilized to define the measurement positions 22,
24 in order to avoid the propagation of the ultrasound shear waves through blood vessels in
order to avoid artifacts during the ultrasound shear wave measurements.

When the measurement positions 22, 24 are defined and adjusted, the thermal
model is initialized and the treatment is started. Usually the model utilizes initial values for
the tissue parameters derived e.g. from literature values. For example, the electrical
conductivity is ¢ = 0,148 S/m, the thermal conductivity is 0,465 W/m °C, the density is
1060 kg/m’, the heat capacity is 3600 J/C kg, the perfusion rate is 6,4 x 10”/sec. The heating
power is applied as electrical power and an impedance profile is acquired and imported in
real time into the thermal model.

During the process, the measurement planes 22, 24 are used to generate shear
wave imaging based temperature estimation. In parallel, the temperature estimated by the
thermal model is compared with the temperature obtained by the shear wave thermometry as
well as temperature measurements performed by a temperature sensor 30 provided at the tip
14 of the temperature application device 12. By means of these measurements and the
comparison of the estimated temperature with the measured temperatures, the parameters of
the thermal model are constantly and continuously adapted to minimize the difference
between the model prediction and the experimental data. The adapted parameters updated
during the ablation procedure include thermal constants such as thermal diffusivity and
perfusion rate, electrical properties such as electrical conductivity and average flow rate in
the blood vessels visualized in the computer tomography or ultrasound images. By means of
this flexibility of the thermal model, ¢.g. for local heterogeneities, the temperature map and

the ablation zone 16 can be precisely determined so that the boundary of the ablation zone 16
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as the region of interest can be precisely measured non-invasively in order to optimize the
thermal treatment.

The so derived temperature distribution may guide the operator of the
temperature application unit in order to complete the treatment or adapt the treatment and
could also be used as a feedback to control the power output of the thermal application device
12.

The thermal model or the bio-heat transfer model is preferably an
implementation of the Pennes’ bio-heat equation that takes the heat diffusion in the tissue 10
and the blood perfusion resulting from the applied heat source into account. Additional heat
transfer equation considering heat sink effects due to directional flow in larger blood vessels
can also be incorporated into the thermal model. In addition to the bio-heat transfer, the
underlying physics for the heat deposition (i.e. heat source) can be modeled using the
corresponding physics interface like electrical currents interface for radio frequency heating.
Multi-physics simulations can be applied to model the tissue heating during the radio
frequency ablation treatments.

The local in situ tissue specific parameters for the heat transfer model are
determined based on the shear wave measurements performed during or immediately before
the ablative therapy to adapt the heat transfer model in real-time.

The heat transfer model parameters may be determined or estimated in
advance of the ablation process. In a first step, a heating power pulse is applied by the probe
14 to the tissue 10 and the induced temperature distribution is measured at the measurement
planes 22, 24 by means of the ultrasound shear wave measurements. The measured
temperatures and the heating power pulse are used to estimate or determine the unknown
model parameters. After the parameters are determined, the expected size of the ablation
zone 16 for the heating power profile to be used during the ablation process can be
determined. Possible deviations between the estimated and the determined size of the
ablation zone 16 can be adapted accordingly. This embodiment reduces the need for real time
instant estimation of the thermal model parameters during the ablation process.

In a certain embodiment, the tissue temperature is used, which is estimated
from the shear wave measurements performed in the periphery of the ablation zone 16.

In a further embodiment the ultrasound shear wave measurement is calibrated
prior to the ablation process. During the calibration step, the measurement planes 22, 24 are
disposed close to the temperature sensor 30 of the probe 14 and a heating power pulse is

applied by means of the temperature application device 12. The ultrasound shear wave
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measurement and the temperature measurement of the temperature sensor 30 are compared
and the ultrasound shear wave measurement is calibrated according to the temperature sensor
measurement. By means of this calibration, also the tissue composition close to the probe 14
can be considered. The so derived parameters are fed to the thermal model in order to
determine model parameters prior to the ablation process.

In Fig. 2, a temperature monitoring apparatus is schematically shown and
generally denoted by 40. The temperature monitoring apparatus 40 comprises a temperature
application unit 42 comprising the temperature application device 12 for applying the heating
power to the probe 14 in order to heat the tissue 10 and to perform the ablation process of the
tissue 10. The temperature monitoring apparatus 40 further comprises an ultrasound unit 44
for emitting and receiving ultrasound waves and for determining a temperature at the
measurement positions 22, 24 of the tissue 10 on the basis of ultrasound shear wave detection.
The ultrasound unit 44 provides shear wave thermometry (SWT) and/or shear wave imaging
(SWI) in order to determine a temperature at the measurement positions 22, 24. The
ultrasound unit 44 is further adapted to define the measurement positions 22, 24 within the
tissue 10 with respect to the position of the probe 14. The ultrasound unit 44 further
comprises a position sensor to determine the measurement positions 22, 24 with respect to
the position of the probe 14.

The temperature monitoring apparatus 40 further comprises a temperature
estimation unit 46 including a heat transfer model 48. The temperature estimation unit 46 is
connected to an imaging unit 50 for receiving the medical images from the tissue 10 to be
treated. The temperature estimation unit 46 is further connected to the temperature
application unit 42 and to the ultrasound unit 44 for receiving measurement data and for
controlling the heating power applied to the tissue 10. The temperature estimation unit 46 is
adapted to estimate the temperature in the region of interest 26 within the tissue 10 on the
basis of the heat transfer model 48 and the measurements of the ultrasound unit 44 at the
measurement positions 22, 24, wherein the heat transfer model 48 is based on the medical
images received from the image unit 50. Hence, local properties of the tissue 10 can be
considered for estimating the temperature within the tissue 10 in general and in particular
within the region of interest 26 in order to precisely determine the ablation of the tissue 10.

The temperature estimation unit 46 may be connected to an output device 52
for providing the estimated temperature and in particular the estimated temperature map of

the tissue 10 to an operator. The temperature monitoring apparatus 40 may also comprise an
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operator control (not shown) coupled to the temperature application unit 42 that allows the
operator to adjust or terminate the ablation process.

In Fig. 3 a schematic flow diagram of the temperature monitoring method is
shown and generally denoted by 60.

In general, the temperature monitoring method 60 generally comprises three
phases, a pretreatment phase I, a treatment phase II and a post-treatment phase II1.

During the pretreatment phase I, the medical images are captured 62 and the
measurement planes 22, 24 are disposed within the tissue 10 apart from the ablation zone 16
at a known distance using position tracking methods, e.g. by means of the position sensor 28
as shown at 64. At 66, the thermal model is initialized by means of the ¢.g. the blood vessel
information received from the medical images as shown at 66. At 66, further parameter of the
thermal model can be determined e.g. on the basis of the perfusion, the directional flow, the
tissue properties and the properties of the probe 14 derived from the medical images.

During the treatment phase 11, the measurement planes 22, 24 are placed
around the region of interest 26 as shown at 68 and the temperature in these measurement
planes 22, 24 is measured by means of the shear wave thermometry as shown at 70.

The thermal model is continuously updated and improved during the treatment
phase II as generally shown at 72. During this adaption 72 of the thermal model 48, the
thermal model 48 is utilized as shown at 74 and the temperature distribution in the tissue 10
is estimated as shown at 76. The estimated temperatures are compared with the temperature
measurements at the measurement planes 22, 24 as shown at 78 and the model parameter are
adapted to match the temperatures measured by means of the shear wave thermometry as
shown at 80. This update 72 of the thermal model 48 is a continuous process during the hole
treatment phase I1. As a result, a temperature estimation over the whole volume of the tissue
10 is provided as shown at 82.

During the post-treatment phase 111, the feedback of the ablation process is
provided to the operator as shown at 84 and a decision whether the ablation process should be
continued or terminated can be provided as shown at 86.

Consequently, the whole ablation process can be optimized by providing a
precise temperature map of the tissue 10.

While the invention has been illustrated and described in detail in the drawings
and foregoing description, such illustration and description are to be considered illustrative or
exemplary and not restrictive; the invention is not limited to the disclosed embodiments.

Other variations to the disclosed embodiments can be understood and effected by those
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skilled in the art in practicing the claimed invention, from a study of the drawings, the
disclosure, and the appended claims.

In the claims, the word "comprising”" does not exclude other elements or steps,
and the indefinite article "a" or "an" does not exclude a plurality. A single element or other
unit may fulfill the functions of several items recited in the claims. The mere fact that certain
measures are recited in mutually different dependent claims does not indicate that a

combination of these measures cannot be used to advantage.

Any reference signs in the claims should not be construed as limiting the scope.
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CLAIMS:

1. Temperature monitoring apparatus (40) for monitoring a temperature within a
tissue (10), in particular during a thermal ablation process, comprising:

- a temperature application unit (42) configured to introduce heating power into
the tissue for heating the tissue,

- an ultrasound unit (44) for emitting and receiving ultrasound waves and for
determining a temperature in a measurement region (22, 24) of the tissue on the basis of
ultrasound shear wave detection, and

- a temperature estimation unit (46) including a heat transfer model (48) for
estimating a temperature in a region of interest (26) within the tissue on the basis of the
determined temperature and the heat transfer model, wherein the heat transfer model is based

on medical images of the tissue.

2. Temperature monitoring apparatus as claimed in claim 1, wherein the
ultrasound unit is adapted to define the measurement region within the tissue on the basis of

the medical images.

3. Temperature monitoring apparatus as claimed in claim 1, wherein the
temperature application unit is adapted to determine the heating power introduced into the

tissue on the basis of the medical images.

4. Temperature monitoring apparatus as claimed in claim 1, wherein the

measurement region comprises at least one measurement plane.

5. Temperature monitoring apparatus as claimed in claim 1, wherein the

measurement region is formed separately from the region of interest.

6. Temperature monitoring apparatus as claimed in claim 1, wherein the
temperature estimation unit comprises a position sensor (28) for determining a position of the

region of interest and a position of the measurement region.
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7. Temperature monitoring apparatus as claimed in claim 1, wherein the
temperature estimation unit is adapted to detect heat sinks within the tissue on the basis of the
medical images and wherein the temperature estimation unit is configured to adapt the heat

transfer model on the basis of the detected heat sinks.

8. Temperature monitoring apparatus as claimed in claim 1, wherein the
temperature estimation unit is configured to adapt parameters of the heat transfer model on

the basis of ultrasound temperature measurements in different measurement regions.

9. Temperature monitoring apparatus as claimed in claim 1, wherein the
temperature application unit is adapted to control the heating power introduced into the tissue

on the basis of the estimated temperature in the region of interest.

10. Temperature monitoring apparatus as claimed in claim 1, wherein the
ultrasound unit is adapted to define a position of the measurement region within the tissue on
the basis of an expected temperature of the tissue determined on the basis of the heat transfer

model.

11. Temperature monitoring apparatus as claimed in claim 1, wherein the
temperature application unit is adapted to introduce a heating power pulse into the tissue and
wherein the temperature estimation unit is adapted to determine parameters of the heat
transfer model on the basis of a temperature determined by the ultrasound unit in the

measurement region generated by the heating power pulse.

12. Temperature monitoring apparatus as claimed in claim 1, wherein the
temperature application unit comprises a probe (14) for introducing the heating power into
the tissue, wherein the probe comprises a temperature measurement device (30) for

measuring the temperature of the tissue.

13. Temperature monitoring apparatus as claimed in claim 12, wherein the
temperature application unit is adapted to introduce a heating power pulse into the tissue and

wherein the ultrasound unit is adapted to calibrate the ultrasound temperature measurement
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on the basis of the temperature measured by the temperature measurement device of the

probe.

14. Temperature monitoring apparatus as claimed in claim 1, wherein the medical
images are ultrasound images, computer tomography images and/or magnet resonance

tomography images provided by an image unit (50).

15. Temperature monitoring method (60) for monitoring a temperature within a
tissue (10), in particular during an ablation process, comprising the steps of:

- introducing a heating power into the tissue for heating the tissue,

- determining (70) a temperature in a measurement region (22, 24) of the tissue
on the basis of ultrasound shear wave detection, and

- estimating a temperature in a region of interest (20) within the tissue on the
basis of a heat transfer model (48) and the determined temperature, wherein the heat transfer

model is based on medical images of the tissue.
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