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(57) Abrégée/Abstract:

The apparatus for high-intensity focused ultrasound therapy of the present invention usually comprises a ultrasound transducer, an
Image acquisition device, a driving unit for driving said ultrasound transducer and mechanical drive means for mechanically driving
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(57) Abrege(suite)/Abstract(continued):

sald ultrasound transducer and image acquisition device together. Additionally, this apparatus for high-intensity focused ultrasouna
therapy further comprises a signal processing unit connected to image acquisition device for receiving and saving the original
iImages of the target area prior to treatment and for receiving and saving the images of the target area in a certain time during high-
Intensity focused ultrasound (HIFU) treatment and for evaluating the therapeutic effects according to the images of the target area
before and after treatment, and a control unit respectively connected to signal processing unit, driving unit and mechanical driving
means. When the signal processing unit judges that the therapeutic requirements have been met, the control unit controls the
driving unit and mechanical driving means to stop the working of ultrasound transducer and when the signal processing unit judges
that the therapeutic requirements have not been met, the control unit controls the driving unit and mechanical driving means to
make the ultrasound transducer continue to work.
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Abstract

The apparatus for high-intensity focused ultrasound therapy of the
present invention usually comprises a ultrasound transducer, an image
acquisition device, a driving unit for driving said ultrasound transducer
and mechanical drive means for mechanically driving said ultrasound
transducer and image acquisition device together. Additionally, this
apparatus for high-intensity focused ultrasound therapy further comprises
a signal processing unit connected to image acquisition device for
receiving and saving the original images of the target area prior to
treatment and for receiving and saving the images of the target area in a
certain time during high-intensity focused ultrasound (HIFU) treatment
and for evaluating the therapeutic effects accdrding to the images of the
target area before and after treatment, and a control unit respectively
connected to signal processing unit, driving unit and mechanical driving
means. When the signal processing unit judges that the therapeutic
requirements have been met, the control unit controls the driving unit and
mechanical driving means to stop the working of ultrasound transducer
and when the signal processing unit judges that the therapeutic

requirements have not been met, the control unit controls the driving unit
and mechanical driving means to make the ultrasound transducer continue

to work.,
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Method and apparatus for high-intensity focused ultrasound

therapy

FIELD OF THE INVENTION

This mvention relates to a method and apparatus for high-intensity
focused ultrasound therapy, particularly it relates to a method and
apparatus for switching the emissions of the therapeutic ultrasound beams

according to gray-scale changes of ultrasound images.

BACKGROUND OF THE INVENTION

Medical researchers have discovered that the heat-resistance of
cancer cells is poorer than that of normal cells. When the temperature 1s
above 42.5 degrees centigrade, the cancer cells die within 30 minutes
while the normal cells are injured slightly and the injury is reversible.
According to this characteristic of cancer cells, a high-intensity focused
ultrasound tumor therapeutic system makes use of ultrasound waves as
energy source and their penetrability and focusing, and delivers the
ultrasound waves with a relatively low average intensity level emitting
from the applicator coupled by medium through skin into the tumor tissue

within human body. These ultrasound beams within tissue are focused at a
spatial focal spot and a focal region (with a size of ®3 mm X 8mm) with
an average acoustic intensity level of over 1000W/m” is formed. The
temperature at the focal region instantaneously (0.1 to 5 seconds) has a
sharp rise (beyond 70 degrees centigrade). By this thermal effect together
with its cavitation (i.e. the high-intensity ultrasound may produce fog-like
bubbles in liquid and the mechanical forming and disruption of the bubbles
can produce extremely high temperature and pressure, which can destroy
the tissue structure greatly) and mechanical action, the disruption of the

tissue at the focal region can be achieved. The cancer cells can be exposed

by the focal region through the scanning way from point to line, then from
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line to slice and then from slice to solid and finally the whole tumor tissue

1s cauterized and the therapeutic purposes is realized.
With the development of ultrasound therapy, great improvements on
checking and treating tumors by ultrasound therapy associated with imaging
S devices, such as B-mode ultrasound have been achieved. The B-mode
ultrasound imaging apparatus used in the existing ultrasound therapy
equipments is mainly used to locate and observe tumor prior to ultrasound
therapy. By use of MRI or CT checking for some time after treatment, the
existing equipments determine if the needed therapeutic dosage has been
10 achieved at the target area after treatment, if the coagulative necrosis of
target tissue is caused, and evaluate the therapeutic effects after treatment.
In this way, a lot of disadvantages exist because the therapeutic eftects
cannot be observed in time and the therapeutic dose is controlled only by
experiences. If the dose is insufficient, the diseased tissue cannot be
15 destroyed effectively and the therapeutic effects cannot be achieved. If the
dose exceeds the needed dose, the normal tissue may be destroyed and there
exists a big safety problem. Therefore, the real-time evaluation on the

therapeutic effects during treatment becomes very necessary.

20 SUMMARY OF THE INVENTION
In order to solve the problems as above-mentioned, the apparatus for
high-intensity focused ultrasound therapy of the present invention

comprises a ultrasound transducer to emit high-intensity focused
ultrasound to the target area to be treated, an image acquisition device for
25 locating the target area to be treated and acquiring the images of the target
area, a driving unit connected to said ultrasound transducer for driving
said ultrasound transducer to emit ultrasound waves to the target arca to be
treated and mechanical drive means connected to said ultrasound

transducer for mechanically driving said ultrasound transducer and image

30 acquisition device together so as to scan the target area to be treated.
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Wherein said apparatus for high-intensity focused ultrasound therapy
further comprises a signal processing unit connected to image acquisition
device for receiving and saving the original images of the target area
acquired by image acquisition device prior to treatment and for receiving
and saving the images of the target area acquired by image acquisition
device in a certain time during high-intensity focused ultrasound (HIFU)
treatment and for evaluating the therapeutic effects according to the
images of the target area before and after treatment, and a control unit
respectively connected to signal processing unit, driving unit and
mechanical driving means. When the signal processing unit judges that the
therapeutic requirements have been met, the control unit controls the
driving unit and mechanical driving means to stop the working of
ultrasound transducer and when the signal processing unit judges that the
therapeutic requirements have not been met, the control unit controls the
driving unit and mechanical driving means to make the ultrasound
transducer continue to work.

Additionally, the method for high-intensity focused ultrasound
therapy of the present invention wherein comprises the following stepgs:
acquiring original images, i.e. receiving and acquiring the original images
of the target area to be treated prior to treatment; making a treatment, 1.e.
emitting high-intensity focused ultrasound and applying it to the target
area; evaluating the therapeutic effects, i.e. acquiring and saving the
images of the target area in a certain time during HIFU treatment and
evaluating the therapeutic effects according to the images of the target arca
before and after treatment. When the signal processing unit judges that the

therapeutic requirements have been met, the treatment on the target area 1S
stopped and when the signal processing unit judges that the therapeutic

requirements have not been met, the treatment on the target area 1S

continued.

According to the method and apparatus for high-intensity focused
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ultrasound therapy of the present invention, the therapeutic effects of
the target area can be evaluated in real-time during treatment and the
treatment on the target area is decided to continue or stop according to
these evaluations. Accordingly the treatment dosage can be controlled

accurately and the optimal therapeutic effects can be achieved.

BRIEF DESCRIPTION OF THE FIGURES

Fig.1 is a block diagram of an apparatus according to the invention.
Fig. 2 is a working flow diagram according to the invention.

Fig. 3 is B-mode ultrasound image of a tissue prior to treatment.
Fig. 4 is B-mode ultrasound image of a tissue after treatment.
Fig. 5 is B-mode ultrasound image of a tissue prior to treatment.

Fig. 6 is B-mode ultrasound image of a tissue after treatment.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The structure of the apparatus according to the present invention 1s
explained according to Fig.l1. As shown in Fig.1, the apparatus for
high-intensity focused ultrasound therapy of the present invention usually
comprises ultrasound transducer 1, image acquisition device 2, driving unit
6 and mechanical drive means 7. Besides, in order to realize the purposes
of the present invention, it further comprises signal processing unit 4 and
control unit 5. Wherein, the ultrasound transducer 1 emits high-intensity
focused ultrasound to the target area to be treated and the 1mage
acquisition device 2 is installed on the ultrasound transducer 1 and is used
to locate the tumor and acquiring the images of the target area and the
existing imaging devices can be used and B-mode ultrasound imaging
apparatus as an example is described in this invention. The signal
processing unit 4 is connected to the image acquisition device 2 for

receiving and saving the images of the target area acquired by image

acquisition device 2. The gray scales of the current images of the target
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area can be worked out and evaluated on the basis of the original image

data before treatment. The display 3 is connected to the signal processing

~unit 4 for displaying the images outputted from the signal processing unit

4. The driving unit 6 connected to the ultrasound transducer 1 drives the
ultrasound transducer 1 to emit ultrasound waves to the target area to be
treated under control of the control unit 5. The mechanical drive means 7
connected to the ultrasound transducer 1 mechanically move the
ultrasound transducer 1 and the B-mode ultrasound imaging apparatus 2
together under control of the control unit 5. The control unit 5 connected
respectively to signal' processing unit 4, driving unit 6 and mechantcal
driving means 7 receives the computation and evaluation of gray scale
changes of the images of the target area outputted from the signal
processing unit 4 and controls the working of the driving unit 6 and
mechanical driving means 7 according to the computing and evaluating
results.

The working flow diagram of the apparatus for the high-intensity
focused ultrasound therapy of the present invention is explained
according to Fig.2. As shown in Fig.2, the step S1 is entered after
starting treatment. In the step S1, B-mode ultrasound imaging apparatus

2 acquires the original images of the target area to be treated and
transfers them to the signal processing unit 4. The signal processing unit
4 works out the primary gray scales of these images and saves these
primary gray scales for later computation and evaluation.

In the step S2, the control unit 5 controls the driving unit 6 and
mechanical driving means 7 and starts the ultrasound transducer 1 to emit
the high-intensity focused ultrasound to scan the target area and expose the
tumor cells in the target area by the focused ultrasound.

In a certain time, for example, after at least one scanning, the step

S3 is entered, B-mode ultrasound imaging apparatus 2 acquires the

images of the target area to be treated again and transfers them to the

S
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signal processing unit 4. The signal processing unit 4 works out the
gray scales of these images after treatment and then works out the

gray scale changes of these images after treatment according to the
saved primary gray scales.

Then, the step S4 is entered. In this step, the signal processing unit
4 determines 1f the gray scale changes exceed a specified value. If the
gray scale changes exceed the specified value, it means that acoustic
therapy dose on the target area has been reached and at this time the
emission of high-intensity focused ultrasound can be stopped. On the
contrary, if the gray scale changes do not exceed the specified value,
it means that acoustic therapy dose on the target area has not been
reached and at this time the emission of high-intensity focused
ultrasound for treatment shall be continued. With mass experiments
on animal samples, this inventor has discovered that the gray scale
changes of ultrasound i1mages of the target area before and after
treatment is related to not only the acoustic power and exposure time,
but also the exposure depth, tissue structure, function status of tissue
and treatment modes. But, if only the gray scale changes exceed 5 to
10 gray scales, the coagulative necrosis of the tumor tissue in the
target area happens. In the present invention, the gray scale values are
averagely distributed in the range of [0~255]. The value 0 represents

full black, 255 represents full white.

The calculating method for gray scales and gray scale changes is
using the computer to acquire the images from the monitoring device

B-mode scanner in a special time, for example the static images before
and after treatment. The computer system automatically records the
position, energy and equipment parameters when the images are
acquired. By use of computer graphics arithmetic, such as difference
operation and convolution operation, the gray scales changes at the

specified place can be compared. The comparing area may be a dot, line
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(straight line, curve, treatment track and etc;), slice (rectangle, manual
drawing) and etc. According to the positions of treatment tracks on the
images before and after treatment, the gray scale characteristic values in
a certain area are calculated, for example, total gray scale value,
average gray scale, gray scale weighted value (summation, averaging
and etc.) , gray scale of arca center and etc.. By use of difference
operation and convolution operation, the gray scale characteristic values
before and after treatment are compared. '

In the step S4, if the gray scale changes of the images of the target
areca exceed a specified value, the signal processing unit 4 sends a
command of stop to the control unit 5. With the command of stop, the
control unit 5 controls the driving unit 6 and the mechanical driving
means 7 to stop ultrasound transducer 1 to emit high-intensity focused
ultrasound and to scan, 1.e. to stop the treatment.

In the step S4, if the gray scale changes of the images of the target
area do not exceed a specified value, the signal processing unit 4 sends
a command of continuing treatment to the control unit 5 and the step S2
is returned. In the step S2, with the command of continuing treatment,
the control unit 5 controls the driving unit 6 and the mechanical driving
means 7 to make ultrasound transducer 1 continue to emit high-intensity
focused ultrasound and to scan, i.e. to continue the treatment. .

Fig. 3 and Fig. 4 are the B-mode ultrasound images for the same
liver tissue before and after treatment. Fig. 3 is the image before
treatment and Fig. 4 is the image after high-intensity focused ultrasound
therapy. From the image shown in Fig. 4, we can see the gray scales
changes at the focal point in the target area and we can find this part of

liver tissue has become coagulative necrosis after it is anatomized and
the therapeutic requirements have been met. This proves that this

method used to evaluate the therapeutic effects is effective.

Fig. 5 and Fig. 6 are the B-mode ultrasound images for another

7
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liver tissue before and after treatment. Fig. 5 1s the image before
treatment and Fig. 6 is the image after high-intensity focused ultrasound
therapy. The results and phenomenon are the same as that of Fig. 3 and
Fig. 4. Here they are not repeated.

As above said, through calculating the gray scale changes of
images of the target area, the therapeutic effects can be evaluated in
real-time during treatment and the dose of high-intensity focused
ultrasound can be adjusted according to the evaluating results. It can be
avoided that the tumor tissue may not be killed effectively due to
insufficient dose or the normal tissue may be destroyed due to excessive
dose.

The present invention may be embodied in other specific forms
without departing from its spirit or essential characteristics. The described
embodiments are the specific embodiments of the present invention. These
embodiments are to be considered in all respects only as illustrative, and
not restrictive. All equivalent changes without departing from the spirit
disclosed by the present invention are to be embraced within the scope of

the present invention.
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Method and apparatus for high-intensity focused ultrasound

therapy

FIELD OF THE INVENTION
J This invention relates to a method and apparatus for high-intensity
focused ultrasound therapy, particularly it relates to a method and
apparatus for switching the emissions of the therapeutic ultrasound beams

according to gray-scale changes of ultrasound images.

10 BACKGROUND OF THE INVENTION
Medical researchers have discovered that the heat-resistance of
cancer cells is poorer than that of normal cells. When the temperature 1s
above 42.5 degrees ceht_igrade, the cancer cells die within 30 minutes
while the normal cells are injured slightly and the injury is reversible.
15 According to this characteristic of cancer cells, a high-intensity focused
ultrasound tumor therapeutic system makes use of ultrasound waves as
energy source and their penetrability and focusing, and delivers the
ultrasound waves with a relatively low average intensity level emitting
from the applicator coupled by medium through skin into the tumor tissue

20 within human body. These ultrasound beams within tissue are focused at a
spatial focal spot and a focal region (with a size of ®3 mm X8mm) with
an average acoustic intensity level of over 1000W/m” is formed. The
temperature at the focal region instantaneously (0.1 to 5 seconds) has a

sharp rise (beyond 70 degrees centigrade). By this thermal effect together
25 with its cavitation (i.e. the high-intensity ultrasound may produce fog-like
bubbles in liquid and the mechanical forming and disruption of the bubbles
can produce extremely high temperature and pressure, which can destroy
the tissue structure greatly) and mechanical action, the disruption of the
tissue at the focal region can be achieved. The cancer cells can be exposed

30 by the focal region through the scanning way from point to line, then from

|
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line to slice and then from slice to solid and finally the whole tumor tissue

1s cauterized and the therapeutic purposes is realized.
With the development of ultrasound therapy, great improvements on
checking and treating tumors by ultrasound therapy associated with imaging
5 devices, such as B-mode ultrasound have been achieved. The B-mode
ultrasound 1maging apparatus used in the existing ultrasound therapy
equipments 1s mainly used to locate and observe tumor prior to ultrasound
therapy. By use of MRI or CT checking for some time after treatment, the
existing equipments determine if the needed therapeutic dosage has been
10 achieved at the target area after treatment, if the coagulative necrosis of
target tissue 1s caused, and evaluate the therapeutic effects after treatment.
In this way, a lot of disadvantages exist because the therapeutic effects
cannot be observed in time and the therapeutic dose is controlied only by
experiences. If the dose 1s insufficient, the diseased tissue cannot be
135 destroyed effectively and the therapeutic effects cannot be achieved. If the
dose exceeds the needed dose, the normal tissue may be destroyed and there
exists a big safety problem. Therefore, the reatl-time evaluation on the

therapeutic effects during treatment becomes very necessary.

20 SUMMARY OF THE INVENTION

In order to solve the problems as above-mentioned, the apparatus for
high-intensity focused ultrasound therapy of the ' present invention
comprises a ultrasound transducer to emit high-intensity focused
ultrasound to the target area to be treated, an image acquisition device for

25 locating the target area to be treated and acquiring the images of the target

area, a driving unit connected to said ultrasound transducer for driving
said ultrasound transducer to emit ultrasound waves to the target area to be

treated and mechanical drive means connected to said ultrasound

transducer for mechanically driving said ultrasound transducer and image

30 acquisition device together so as to scan the target area to be treated.
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Wherein said apparatus for high-intensity focused ultrasound therapy
further comprises a signal processing unit connected to image acquisition
device for receiving and saving the original images of the target area
acquired by image acquisition device prior to treatment and for receiving
and saving the images of the target area acquired by image acquisition
device in a certain time during high-intensity focused ultrasound (HIFU)
treatment and for evaluating the therapeutic effects according to the
images of the target area before and after treatment, and a control unit

respectively connected to signal processing unit, driving unit and

mechanical driving means. When the signal processing unit judges that the

therapeutic requirements have been met, the control unit controls the
driving unit and mechanical driving means to stop the working of
ultrasound transducer and when the signal processing unit judges that the
therapeutic requirements have not been met, the control unit controls the
driving unit and mechanical driving means to make the ultrasound
transducer continue to work.

Additionally, the method for high-intensity focused ultrasound
therapy of the present invention wherein comprises the following steps:
acquiring original images, i.e. receiving and acquiring the original images
of the target area to be treated prior to treatment; making a treatment, 1.€.
emitting high-intensity focused ultrasound and applying it to the target

area; evaluating the therapeutic effects, i.e. acquiring and saving the

images of the target area in a certain time during HIFU treatment and
evaluating the therapeutic effects according to the images of the target area
before and after treatment. When the signal processing unit judges that the
therapeutic requirements have been met, the treatment on the target area 1S
stopped and when the signal processing unit judges that the therapeutic
requirements have not been met, the treatment on the target area 1Is

continued.

According to the method and apparatus for high-intensity focused

3
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ultrasound therapy of the present invention, the therapeutic etfects of
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the target area can be evaluated in real-time during treatment and the
treatment on the target area is decided to continue or stop according to
these evaluations. Accordingly the treatment dosage can be controlled

accurately and the optimal therapeutic effects can be achieved.

BRIEF DESCRIPTION OF THE FIGURES

Fig.1 is a block diagram of an apparatus according' to the invention.
Fig. 2 is a working flow diagram according to the invention.

Fig. 3 1s B-mode ultrasound image of a tissue prior to treatment.
Fig. 4 1s B-mode ultrasound image of a tissue after treatment.
Fig. 5 1s B-mode ultrasound image of a tissue prior to treatment.

Fig. 6 is B-mode ultrasound image of a tissue after treatment.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The structure of the apparatus according to the present invention is

explained according to Fig.l. As shown in Fig.1, the apparatus for

- high-intensity focused ultrasound therapy of the present invention usually

comprises ultrasound transducer 1, image acquisition device 2, driving unit

6 and mechanical drive means 7. Besides, in order to realize the purposes
of the present invention, it further comprises signal processing unit 4 and
control unit 5. Wherein, the ultrasound transducer 1 emits high-intensity
focused ultrasound to the target area to be treated and the image
acquisition device 2 is installed on the ultrasound transducer 1 and is used

to locate the tumor and acquiring the images of the target area and the
existing imaging devices can be used and B-mode ultrasound imaging
apparatus as an example is described in this invention. The signal
processing unit 4 is connected to the image acquisition device 2 for

receiving and saving the images of the target area acquired by image

~ acquisition device 2. The gray scales of the current images of the target

4
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area can be worked out and evaluated on the basis of the original image
data before treatment. The display 3 is connected to the signal processing
unit 4 for displaying the images outputted from the signal processing unit
4. The driving unit 6 connected to the ultrasound transducer 1 drives the
ultrasound transducer 1 to emit ultrasound waves to the target area to be
treated under control of the control unit 5. The mechanical drive means 7
connected to the ultrasound transducer 1 mechanically move the
ultrasound transducer 1 and the B-mode ultrasound imaging apparatus 2
together under control of the control unit 5. The control unit 5 connected
respectively to signal processing unit 4, driving unit 6 and mechanical
driving means 7 receives the computation and evaluation of gray scale
changes of the images of the target area outputted from the signal
processing unit 4 and controls the working of the driving unit 6 and
mechanical driving means 7 according to the computing and evaluating
results.

The working flow diagram of the apparatus for the high-intensity
focused ultrasound therapy of the present invention is explained
according to Fig.2. As shown in Fig.2, the step S1 is entered after
starting treatment. In the step S1, B-mode ultrasound imaging apparatus
2 acquires the original images of the target area to be treated and
transfers them to the signal processing unit 4. The signal processing unit
4 works out the primary gray scales of these images and séves these

primary gray scales for later computation and evaluation.

In the step S2, the control unit 5 controls the driving unit 6 and
mechanical driving means 7 and starts the ultrasound transducer 1 to emit
the high-intensity focused ultrasound to scan the target area and expose the
tumor cells in the target area by the focused ultrasound.

In a certain time, for example, after at least one scanning, the step

S3 1s entered, B-mode ultrasound imaging apparatus 2 acquires the

images of the target area to be treated again and transfers them to the

S
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signal processing unit 4. The signal processing unit 4 works out the
gray scales of these images after treatment and then works out the
gray scale changes of these images after treatment according to the
saved primary gray scales.

S Then, the step S4 is entered. In this step, the signal processing unit
4 determines if the gray scale changes exceed a specified value. If the
gray scale changes exceed the specified value, it means that acoustic
therapy dose on the target area has been reached and at this time the
emission of high-intensity focused ultrasound can be stopped. On the

10 contrary, if the gray scale changes do not exceed the specified value,
it means that acoustic therapy dose on the target area has not been
reached and at this time the emission of high-intensity focused
ultrasound for treatment shall be continued. With mass experiments
on animal samples, this inventor has discovered that the gray scale

15 changes of ultrasound images of the target area before and after
treatment is related to not only the acoustic power and exposure time,
but also the exposure depth, tissue structure, function status of tissue
and treatment modes. But, if only the gray scale changes exceed 5 to
10 gray scales, the coagulative necrosis of the tumor tissue in the

20 target area happens. In the present invention, the gray scale values are
averagely distributed in the range of [0~255]. The value 0 represents
full black, 255 represents full white.

The calculating method for gray scales and gray scale changes 1s
using the computer to acquire the images from the monitoring device

235 B-mode scanner in a special time, for example the static images before
and after treatment. The computer system automatically records the
position, energy and equipment parameters when the 1mages are
acquired. By use of computer graphics arithmetic, such as difference
operation and convolution operation, the gray scales changes at the

30 specified place can be compared. The comparing area may be a dot, line

6
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(straight line, curve, treatment track and etc.), slice (rectangle, manual
drawing) and etc. According to the positions of treatment tracks on the
images before and after treatment, the gray scale characteristic values in
a certain area are calculated, for example, total gray scale value,
average gray scale, gray scale weighted value (summation, averaging
and etc.) , gray scale of area center and etc.. By use of difference
operation and convolution operation, the gray scale characteristic values
before and after treatment are compared. '

In the step S4, if the gray scale changes of the images of the target
area exceed a specified value, the signal processing unit 4 sends a
command of stop to the control unit 5. With the command of stop, the
control unit 5 controls the driving unit 6 and the mechanical driving
means 7 to stop ultrasound transducer 1 to emit high-intensity focused
ultrasound and to scan, i.e. to stop the treatment.

In the step S4, if the gray scale changes of the images of the target
area do not exceed a specified value, the signal processing unit 4 sends
a command of continuing treatment to the control unit 5 and the step 52
1s returned. In the step S2, with the command of continuing treatment,
the control unit 5 controls the driving unit 6 and the mechanical driving

means 7 to make ultrasound transducer 1 continue to emit high-intensity
focused ultrasound and to scan, 1.e. to continue the treatment.

Fig. 3 and Fig. 4 are the B-mode ultrasound images for the same
liver tissue before and after treatment. Fig. 3 is the image before
treatment and Fig. 4 is the image after high-intensity focused ultrasound

therapy. From the image shown in Fig. 4, we can see the gray scales

changes at the focal point in the target area and we can find this part of

liver tissue has become coagulative necrosis after it is anatomized and
the therapeutic requirements have been met. This proves that this

method used to evaluate the therapeutic effects is effective.

Fig. 5 and Fig. 6 are the B-mode ultrasound images for another

7
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liver tissue before and after treatment. Fig. 5 1s the image before
treatment and Fig. 6 is the image after high-intensity focused ultrasound

therapy. The results and phenomenon are the same as that of Fig. 3 and
Fig. 4. Here they are not repeated.

As above said, through calculating the gray scale changes of
images of the target area, the therapeutic effects can be evaluated In
real-time during treatment and the dose of high-intensity focused
ultrasound can be adjusted according to the evaluating results. It can be
avoided that the tumor tissue may not be killed effectively due to
insufficient dose or the normal tissue may be destroyed due to excessive
dose.

The present invention may be embodied in other specific forms
without departing from its spirit or essential characteristics. The described
embodiments are the specific embodiments of the present invention. These
embodiments are to be considered in all respects only as illustrative, and
not restrictive. All equivalent changes without departing from the spirit
disclosed by the present invention are to be embraced within the scope of

the present invention.
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WHAT IS CLAIMED IS:

1. An apparatus providing high-intensity focused ultrasound (HIFU) therapy

comprising:
an ultrasound transducer emitting HIFU to a target area;

an 1mage acquisition device for locating the target area to be treated and

acquiring images of the target area;

a driving unit connected to said ultrasound transducer for driving said ultrasound

transducer to emit HIFU waves to the target area;

mechanical drive means connected to said ultrasound transducer for
mechanically driving said ultrasound transducer and image acquisition device together

for scanning the target area ;

a signal processing unit connected to the image acquisition device for receiving
and saving an original image of the target area acquired by the image acquisition device
prior to an HIFU treatment and for receiving and saving a second image of the target
area acquired by the image acquisition device in a certain time during the HIFU
treatment and for evaluating therapeutic effects by comparing the original image and the

second image; and

a control unit connected to the signal processing unit, the driving unit and the
mechanical driving means; wherein the signal processing unit calculates a first gray scale
of the original image and a second gray scale of the second image, and a difference
between the first gray scale and the second gray scale; and wherein the control unit

controls the driving unit to stop the ultrasound transducer when the difference ranges

from 5 to 10.
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2. The apparatus according to claim 1, wherein said certain time is a time after the

ultrasound transducer has scanned the target area at least once before.

3. The use of apparatus as claimed in claim 1.

10
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